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FOREWORD

The ability to assess the biomarker cortisol as an index of Hypothalamic Pituitary Adrenal (HPA) axis
activity has provided enormous insights about the relations between psychosocial and physical
environmental characteristics and the human stress response. Having a reliable and valid index of stress has
also proven invaluable in examining the role of stress in mental and physical health. The ability to assess
cortisol in saliva samples has opened up vast new areas of scientific exploration, particularly at the borders
of social science with public health and medicine. The collection of salivary cortisol is a relatively
unobtrusive procedure that can then be analyzed at low cost. It is remarkable that this book on salivary
cortisol as a human stress biomarker is authored by a group of scientists from Scandinavia since, along with
some prestigious scientists in Germany, much of the pioneering work on neuroendocrine biomarkers of
stress has emanated from Sweden and Norway.

This volume arrives at an opportune moment with exponential growth in the use of salivary cortisol as a
biomarker of stress coupled with remarkable interdisciplinary research on the borders of the social sciences
and health. Thus we can ask two key questions about salivary cortisol and scientific research: What have
we learned about the utility of salivary cortisol as a biomarker of stress? How should we use this tool to
assess emerging scientific questions? Reading this book provides in depth answers to these questions.

This book provides a balanced, careful, and thorough review of literally hundreds of studies relating
salivary cortisol indices to sociodemographic background characteristics of individuals such as
socioeconomic status and gender, psychosocial working conditions (e.g., job control), perceived stress, and
psychological resources such as social support. Studies of associations between salivary cortisol and
biomarkers of cardiovascular and immune function as well as sleep processes are reviewed along with work
on the relations between salivary cortisol and major health outcomes (e.g. cardiovascular disease, breast
cancer) as well as mental health (e.g., depression). The authors identified all potentially relevant articles
then applied systematic conceptual and methodological inclusion criteria to filter out irrelevant or sloppily
conducted studies. They then systematically analyzed the remaining studies, tabling results in a manner that
is easy to read and understand. Each table is organized by methods of saliva collection according to
variables of interest (e.g., sociodemographic background, disease outcomes). The results of hundreds of
studies are then discussed within each topic area taking into account the patterns of findings and
implications for measurement and theory. As the reader will be able to see herein, the quality of data and
the clarity of conclusions about salivary cortisol as a stress biomarker vary considerably because of
measurement protocols, statistical and methodological controls, and important conceptual issues having to
do with static versus dynamic measures and inter versus intra person comparisons.

The authors have done all of us who are interested in the interplay among environment, personal
background, stress, and disease, a marvelous favor. They have extensively and accurately reviewed what
we know about salivary cortisol as an index of human stress. The authors have provided direction as well
for how future research on salivary cortisol as a biomarker of stress should proceed.

Gary W. Evans
Cornell University
USA



PREFACE

This book is based on a combination of fascination and frustration; fascination on the wish to use saliva
cortisol measurement because of its many advantages but frustrations over opposing results in the literature.
Several discussions at different meetings led to the development of a network of researchers from Sweden,
funded by the Swedish National Research Council. This network was soon expanded to also include
colleagues from Norway and Denmark. Thus, this was a Scandinavian network working on measurement of
Cortisol and the name ScanCort was taken.

The main aim of the group was to try to understand the results from different studies on saliva cortisol
measurement and thereby better understand how and when saliva cortisol assessment best could be made. A
hypothesis was that, seemingly, divergent findings could be effects of differences in the theoretic
assumptions made and methods used.

This led over to a decision to perform a literature review focusing on if the many different ways of
evaluating the levels and dynamics of salivary cortisol especially with regard to time points of assessment
and analyses of data affect the interpretation of cortisol measurement in various contexts.

The literature review was, of course, more work than expected but it was also a very exciting learning
experience! We are grateful for the economic support given by Swedish National Research Council. We
thank Gary W. Evans for being insightful, constructive and generous by reviewing all chapters and Lorna
O'Brien for skillful language control. As editors we thank all colleagues in the ScanCort group for an
unforgettable time together, for stimulating discussions and hard work. My specific thanks goes to my two
co-editors professor Ulf Lundberg and PhD Peter Garvin for their work, enthusiasm and friendship.

We do hope that this book will be of use for all those who are involved in the challenging but fascinating
field of stress research and want to use saliva cortisol measurement. We do believe that this can be a useful
biomarker in many settings, if caution is taken in the choice of methods used.

Margareta Kristenson

Link6ping University
Sweden
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CHAPTER 1

The Role of Saliva Cortisol Measurement in Health and Disease.
Introduction - Why This Book?

Margareta Kristenson"", Peter Garvin® and Ulf Lundberg3

'Professor in Social Medicine and Public Health Science at the Department of Medical and Health
Sciences, Linkoping University, 58183 Linkiping, Sweden, *Post-doc at the Department of Medical and
Health Sciences, Linkoping University, Sweden and *Professor in Psychology at the Department of
Psychology and Centre for Health Equity Studies (CHESS), Stockholm University, Stockholm University,
Sweden.

Abstract: In recent decades, the technique of using ambulatory saliva sampling for measuring cortisol
levels has become increasingly popular in field research and clinical studies aimed at investigating
bodily responses to psychosocial stress and other psychological and clinical conditions. This interest is
paralleled with frustrations on opposing and ambiguous results. To get a deeper understanding of the
seemingly contradictory results, the Scandinavian cortisol and stress network (Scancort) was formed,
based on 20 researchers from the disciplines of public health, psychology, biology and medicine. This
book is based on a critical review of the existing empirical literature on salivary cortisol, aiming to
evaluate the usefulness of salivary cortisol as a biomarker in various settings. In particular, this book
focuses on how the many different ways of evaluating the levels and dynamics of salivary cortisol (i.e.,
with regard to time points of assessment and different algorithms used to integrate data from multiple
time points) affect the interpretation of cortisol measurements in various contexts. One main question is
to find out if it is possible that different results of studies involving cortisol assessments are functions of
differences in the theoretic assumptions made and the methods used.

Keywords: Salivary cortisol, stress, cognitive activation theory of stress, adults, ambulatory, single time
point measures, deviations measures, area under the curve, laboratory test, dexamethasone.

INTRODUCTION

Cortisol is a stress hormone that can be measured in blood, urine and saliva. In recent decades, the
technique of using ambulatory saliva sampling for measuring cortisol levels has become increasingly
popular in field research and clinical studies aimed at investigating bodily responses to psychosocial stress
and other psychological and clinical conditions. This non-invasive method is easy to administer and
therefore can be implemented in large-scale study designs. Additional advantages are that, compared with
blood sampling, saliva measurements do not induce discomfort or pain and do not interfere with the
participants’ normal activities and environment. Furthermore, saliva samples provide practical advantages;
the rate of deterioration of cortisol is low in samples stored at room temperature. It has been shown that
cortisol concentrations are relatively stable even after storing for a week at room temperature [1, 2].
Moreover, it has been shown that saliva can be stored in a refrigerator for at least 3 months without loss of
cortisol, and cortisol concentrations are not affected by freezing of samples to any major extent [2, 3].

This interest in the use of saliva cortisol measurements is paralleled with frustrations on opposing and
ambiguous results. Several psychological and physiologic conditions have been associated with increased
and decreased cortisol levels.

Context

To get a deeper understanding of the seemingly contradictory results, the Scandinavian cortisol and stress

*Address correspondence to Margareta Kristenson: Professor in Social Medicine and Public Health Science at the Department of Medical
and Health Sciences, Linkoping University, 58183 LinkOping, Sweden; Tel: +46 10 103 5075; Fax: +46 10 103 1865; E-mail:
margareta.kristenson@liu.se

Margareta Kristenson, Peter Garvin and Ulf Lundberg (Eds)
© 2012 The Author(s). Published by Bentham Science Publishers
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network (Scancort) was formed. The network consists of about 20 researchers from the disciplines of public
health, psychology, biology and medicine. It has been financed by the Swedish Research Council to gather
competence and experience in Scandinavia regarding cortisol measurements.

In particular, the aim of the network has been to evaluate (and further develop):

a. The theoretic basis in the existing literature regarding saliva cortisol and its assumed
association with psychological and biological parameters.

b. Saliva cortisol in relation to perceived stress and the possible role of cortisol in stress
mediated pathogenesis.

¢.  When and how measurements on saliva cortisol are and should be made.

d. Different statistical approaches on saliva cortisol measurements and their interpretations, in
particular on psychobiological associations.

The aim of the network has not been to investigate or compare performance characteristics and feasibility
of different laboratory methods for quantification. For further reading on this topic, we recommend earlier
work published elsewhere, for instance by Hansen and colleagues [4, 5].

This book has been written for other researchers who are interested in cortisol research. The sections on
cortisol and stress theories are kept to introductory overviews. The main part of the work has involved
scanning the existing literature and compiling the results on cortisol and various variables.

AIM

This book is based on a critical review of the existing empirical literature on salivary cortisol, aiming to
evaluate the usefulness of salivary cortisol as a biomarker in various settings and what the results from
measurements of cortisol mean in different study designs. In particular, the book focuses on how the many
different ways of evaluating the levels and dynamics of salivary cortisol (i.e., with regard to time points of
assessment and different algorithms used to integrate data from multiple time points) affect the
interpretation of cortisol measurements in various contexts. One main question is to find out if it is possible
that different results of studies involving cortisol assessments are functions of differences in the theoretic
assumptions made and the methods used.

CORTISOL

Cortisol is one of the main stress hormones, and essentially prepares peripheral organs for action. The
release of cortisol is mediated by the Hypothalamus-Pituitary-Adrenal (HPA) axis. The principal stimulus
of the HPA axis is Corticotrophin-Releasing Hormone (CRH), which is locally produced in hypothalamus.
When facing an acute stressor, CRH increases markedly and induces increased secretion of
Adrenocorticotropic Hormone (ACTH) from the pituitary gland. ACTH stimulates the cortex of the adrenal
glands to secrete cortisol into the circulation.

The role of cortisol has been discussed in 2 main areas: metabolism and inflammation. An increase in
cortisol levels increases the supply of energy and oxygen, which translates to a temporary increase in blood
pressure, blood glucose levels and free fatty acids. Therefore, it has been suggested that long-term
dysregulation of cortisol leads to metabolic abnormalities [6].

The anti-inflammatory properties of cortisol are well known and have led to the widespread clinical use of
exogenous cortisol (hydrocortisone). However, the role of endogenous cortisol is much more complex than
regulating metabolism and inflammation. It has been suggested that cortisol modulates expression in
approximately 10% of the body’s genes [7].
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Cortisol acts on the intracellular nuclear receptors found in most cell types throughout the body, regulating
the transcription of target genes [8]. Thus, in contrast to stress hormones such as adrenaline and
noradrenaline, which rapidly enter the bloodstream after exposure to a stressful situation, the secretion of
cortisol is generally slower and peaks typically after 20-30 min [7].

In normal physiology, a typical pattern for most individuals shows a distinct diurnal variation in cortisol
levels, peaking approximately 30-45 min after awakening and declining throughout the day, with lowest
levels at night, around 04:00 h [9, 10] (Fig. 1). It is not uncommon for the peak values in the morning to be
10-fold higher or more compared with the levels at night.

Group mean concentration
in saliva (nmol/L)

20

0.00 h 24.00 h

Awakening Diurnal time

Figure 1: Diurnal variation of cortisol secretion. Figure modified from Ranjit ez al. [7] and Kudielka ef al. [8].
STRESS

The word stress has several connotations and is sometimes used in different ways. Our work is based on the
definition developed by Levine and Ursin in Brown et al. [11]. They divide the term stress into 4 different
entities, as seen in Table 1. These 4 meanings of stress can and should, according to Levine and Ursin, be
measured separately to further understand the concept of stress and the role of psychoneuroendocrinology
in health and disease [11, 12].

Table 1: Four formal definitions of stress according to Levine and Ursin [11]

Entities of stress
Exposure (stressor, stimulus)
Experience and feelings of the situation (based on self-reports)
Psychoneuroendocrinological activation
Experience and feelings of the somatic response

This introduction begins by discussing the psychobiological stress response and how this is, or could be,
linked to measures of stressors and self-reported feelings. Hans Selye, often claimed to be the father of the
stress concept, conceptualized stress as the General Adaptation Syndrome (GAS). Based on experimental
animal studies, Selye postulated that exposure to stressors is followed by a generalized response consisting
of 3 stages as shown in Fig. 2 [13].

Stage 1, the alarm stage or acute stage, is triggered by exposure to any kind of potentially harmful stimulus.
This stage has been described by Cannon as the well-known catchphrase “fight or flight,” when the body
quickly mobilizes energy to handle a potential threat [15]. An acute response is characterized by a
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hormonal shift towards a catabolic state. The stress hormones cortisol, adrenaline, and noradrenaline
increase, whereas anabolic hormones promoting repair and growth such as insulin and sex steroids decrease
[16]. After exposure and this rapid mobilization, the physiologic response declines [14]. The second stage
is referred to as the stage of resistance, or stage of adaptation, when the physiologic response remains high
in order to meet the demands of a prolonged stressor. If the duration of exposure is further prolonged, the
body eventually reaches the third stage, the stage of exhaustion. The exposure to stressors has now
triggered a dysfunctional state and hormonal imbalance, in which the physiologic response is weak, despite
being exposed to a stressor normally triggering a strong response.

Physiological
response

A

Alarm stage

Adaptation stage

First exposure to stressor

Exhaustion stage

Duration of exposure

Figure 2: The three stages of General Adaptation Syndrome. Modified from Selye [13, 14].

When transferred to laboratory stress tests of humans or ambulatory sampling in normal populations in
everyday life, individuals who are in the exhaustion stage based on GAS should, according to this model,
be less responsive when exposed to new acute stressors.

This is supported by empirical data, comparing groups with clinical or subclinical signs of fatigue and
exhaustion with groups with less or no signs of exhaustion, the latter group showing a higher
responsiveness [17-19]. However, opposite findings with higher cortisol responsiveness in patients
characterized by stress-related fatigue have also been reported [20]. Thus, an important notion in stress
theory is that the response to an acute stressor is determined more by individual characteristics and the
history of previous and current stressors, than by the actual tested acute stressor itself [12]. These
observations have led to the incorporation of cognitive function in stress theory, a contribution not
originally included in Selye’s early work.

THE COGNITIVE ACTIVATION THEORY OF STRESS

There are several stress theories, somewhat overlapping, which incorporate cognitive function in
frameworks to understand stress and how a stimulus is translated into a physiologic response. One of the
more widespread is the Cognitive Activation Theory of Stress (CATS), formalized by Ursin and Eriksen
[12]. The main component in CATS is the feedback to the brain from the outcome of the response, which
alters both the exposure to the stimulus and the perception of the stimulus in similar situations henceforth
(Fig. 3). Whether a stimulus is considered exciting or threatening depends on previous experiences and
expectations of the outcome [12]. The process is dynamic; the stressor and outcome are evaluated and re-
evaluated in similar future situations.

Consonant with this, the feeling of being stressed can be linked with both positive and negative outcome
expectancy. Thus, according to CATS, there is no point in trying to measure stress by objectively focusing
on the external load of exposure. Attempts to measure stress should be focused on the subjective experience
and feelings elicited by the stressors and the stress response [12]. CATS has implications on GAS as it
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leads to the conclusion that it is not possible to make a general dose-response association between load of
exposure and stage of exhaustion.

Load wmmp Brain sy Stress
Input Evaluation

Str.esso'r of load resA%?n?se
Stimuli Activiation

Subjective experience of

load and response
Train Strain
Phasic Sustained
Anabolic | Catabolic

Figure 3: The cognitive activation theory of stress. From Ursin and Eriksen [12].

Folkman et al. [21] have summed up the importance of cognitive function in filtering stress load with the
statement that “it is not stress per se (referring to exposure to a given stimulus), but how people cope with
it, that affects health and well-being”.

According to CATS [12], the stress response depends on acquired expectancies of the outcomes of stimuli
and available responses. Exciting or threatening depends on the individual appraisal of the situation, which
is based on previous experience and expectations of the outcome. Thus, the stimulus expectancies may be
distorted by psychological defense mechanisms, at least in humans. The response outcome expectancies to
the available responses are defined as positive, negative or none. This offers formal definitions of concepts
such as coping, hopelessness, and helplessness. For example, helplessness means that individuals cannot
see any relation between their actions and the outcome of a threatening situation; hopelessness means that
they believe that any action would lead to failure or even a catastrophe. The theory suggests that, if the
man/animal is coping successfully, the threat or demands has a short phasic training effect on the body. If
the man/animal is in a state of hopelessness or helplessness, it may lead to sustained activation and a
catabolic strain effect on the body or lack of adequate response.

THE CONCEPT OF ALLOSTASIS

In 1988, Sterling and Eyer [16] introduced the concept of allostasis in stress theory. The term allostasis
literally means “to stand in variability,” denoting stability through change. It was introduced as an antonym
to the well-known term homeostasis meaning “to stand equally,” denoting stability through constancy.
Allostasis is based on the observation that most physiologic variables have a diurnal variation, determined
by specific behavioral states and environmental events. Sterling and Eyer [16] argued that the term
homeostasis may be misleading as it wrongly implies that different systems are kept constant at a “normal
level.” They claimed that more important for maintaining health is the ability to respond, thereby causing
an appropriate arousal when facing an environmental challenge. A more adequate terminology would
address the variation rather than the chronic state that homeostasis implies. In their allostatic model, health
is defined as a state of responsiveness, including also the ability to restitute. An insufficient restitution leads
to a sustained arousal, which in turn inevitably leads to the inability to respond appropriately.

This concept has been further elaborated by McEwen and Wingfield [22] who also pointed out that
although homeostasis applies to a limited number of systems essential for life such as maintenance of an
adequate body temperature, blood pH and glucose level, and oxygen tension, allostasis is a necessary
process to support homeostasis in these systems.

Both Sterling and Eyer [16] and McEwen and Wingfield [22] acknowledge that regulation of allostasis is
multileveled, involving feedback at several levels from several hormones. However, cortisol is still
described as a key player in allostatic regulation.
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CORTISOL MEASUREMENTS
Ambulatory Saliva Sampling

Cortisol in saliva has been shown to reflect concentrations in serum with good precision [23, 24]. In
particular, it is suggested that cortisol in saliva reflects the concentration of free cortisol (unbound to carrier
proteins), which is believed to be the biologically active form. Convenient methods for ambulatory saliva
sampling have been developed. A common, simple, and well-known device consists of a plastic tube and a
cotton/polyester swab by which people can collect saliva themselves, for example during a normal day at
home or at work, and then send the samples to the laboratory for analysis.

In addition to the marked diurnal variation, the day-to-day variation in cortisol levels within the same
individual is also considerable. The correlation between cortisol levels on consecutive days has been
reported to be around r=0.5 in several studies [18, 25, 26]. This variation can be explained to a large extent
by temporary states in individuals, which may vary from day to day [18, 26, 27]. In order to obtain more
reliable values, sampling over several days is often used. The mean levels over 2 or 3 days give more
reliable results when testing whether people have a general capacity to respond in a certain way to a new
challenge, for example, to working conditions compared with non-work at home.

In addition to the variation within subjects on different days, the variation between subjects is also high [9].
Therefore, in order to compensate for inter- and intra-individual variations in statistical analysis, it is
commonly recommended to use relatively large samples of participants for meaningful intergroup
comparisons, for example, between patients and healthy controls.

Standardized Laboratory Stress Testing

Cortisol secretion in response to a defined stressor exposure such as external stimuli (e.g., light) or
cognitive and emotional activation is sometimes of interest as an indicator of the regulation of the HPA
axis. Several models have been developed, such as the Trier Social Stress Test (TSST) and other
standardized stress tests, e.g., the Stroop Color Word Test, Anger Recall, Mental Arithmetic, and the Cold
Pressor Test.

The Physiologic effects vary widely across tasks [28], making it hard to compare studies with each other if
only one stressor is used and therefore a combination on two ore more stressors are recommended. Test-
retest stability of laboratory stress responses increases if the laboratory stress includes more than one
stressor [17].

Standardized laboratory testing and ambulatory saliva sampling have pros and cons. Using standardized
testing in laboratory settings allows full control over the setting, including type of exposure and time for
sampling. However, in addition to higher cost, problems are that according to cognitive stress theory,
people with different experiences and expectations have different physiologic responses to the same
stressor [11, 12]. Also, the stressors chosen may not be valid and easily transferred into everyday life
conditions, and generalization to other contexts may be reduced.

Ambulatory saliva sampling under natural conditions, on the other hand, may be representative of the
individuals’ responses to everyday life, but may lack precision in defining the stressors as well as the time
point when the samples were taken [29].

Dexamethasone Suppression Test

The dexamethasone suppression test is a specific test of the regulation of the HPA axis. Dexamethasone is a
synthetic steroid, more potent than cortisol, which exerts a negative feedback to the pituitary to suppress the
secretion of ACTH and, consequently, of cortisol. It is used clinically by monitoring cortisol after
administration of the drug. In short, in a functional HPA axis, cortisol levels should be suppressed, whereas
non-suppression of cortisol after administration indicates dysregulation of the HPA axis.
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Standardization and Control of Confounders

All saliva sampling for cortisol assessment requires careful control in terms of sampling procedure and
information on factors potentially influencing cortisol levels. The circadian variation of cortisol puts strong
demands on these measurements to be clearly defined in terms of the actual time for sampling and the
individual’s circadian rhythm, such as time of awakening in the morning. Even small variations in time of
sampling, especially in the morning, could have significant effects on the results. Clear instructions and
compliance by the participants are needed to control for food intake, beverages, tobacco, alcohol, physical
activity, medicine, sleep the night before, and other confounders.

Different Cortisol Measurements

This book focuses on how the many different ways of measuring and evaluating the level and dynamics of
salivary cortisol may influence the results. In the literature on saliva cortisol assessments the main types of
measurements can be divided into the following groups:

a.  Single time points, including means (or sums) of several single measurements.
b.  Deviations/slopes between 2 or more measurements.

c.  Areaunder the curve (AUC) calculated from 2 or more measurements, and

d.  Effects of the dexamethasone test.

Single Time Points

Measurements at single time points were more common in earlier studies, and are still common for serum cortisol.
For example, a blood sample for cortisol analysis can be taken at a morning visit to the research laboratory.

With regard to saliva cortisol, repeated ambulatory sampling is common, where people collect saliva
samples at home and/or at work at different times of the day. Measurements from these single time points
are presented in several studies. It is also common that means or sums of 2 or several measurements over
one day or several days are used to determine the level of cortisol. For example, Cohen et al. [30] measured
salivary cortisol for several days in order to investigate the relation between cortisol and socioeconomic
status (SES) defined by education and income. The term static can be used here to describe the use of single
time points (or means) to determine a certain concentration. These measurements do not provide any
information on the dynamics of the system, i.e., whether the individual can respond adequately to a
challenge or unwind and relax after stress exposure. Sometimes, one of these single time point
measurements is called the basal or rest level, when it represents a rest period or the level observed before
exposure to a standardized stress test.

However, to evaluate if the level is high or low relative to other samples or other individuals, it is crucial to
know when a sample is taken, because cortisol levels typically follow a diurnal variation.

Deviations/Slopes Between 2 or More Measurements

When more than one saliva sample is used to assess changes in cortisol levels with time, these
measurements can be used to quantify variations in activation of the HPA axis. These dynamic
measurements aim to determine a change in secretion and indicate the individual’s capacity to respond to or
recover after stressful stimulation.

The main types of dynamic measurements seen are differences or slopes between 2 or more measurements.
In ambulatory research, several deviations can be identified.

One of the most commonly used dynamic measurements is the difference between awakening and adjacent
time points, typically 15 min and 30 min after awakening [31]. This deviation/difference is often called the
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Cortisol Awakening Response (CAR) or Awakening Cortisol Response (ACR) and can be defined as absolute
and relative. For example, Riva et al. compared absolute CAR between female patients with fibromyalgia and
healthy controls [32] and Olsson et al. [20] investigated relative CAR in patients suffering from stress-related
fatigue.

Another measurement derived from ambulatory saliva sampling is the difference between morning and evening
levels of cortisol, the cortisol decline over a day, which is often called diurnal variation. Although simplified, it
is believed to capture patterns of secretion over the day by measuring cortisol at different points in time
throughout the day or days. In the literature, this has been done by either deliberately including the peak value
in the morning and subtracting evening values (see for instance [33]), or deliberately excluding the peak value
in the morning and subtracting evening values (see for instance [34]). The rationale for the former would be to
study the general capacity of the dynamics of cortisol secretion. The rationale for the latter would be that the
peak value has a large effect on the deviation [34].

In addition, deviations have been presented between midday/afternoon, or late evening. For example, Nater et
al. [35] compared morning versus evening salivary cortisol between people with Chronic Fatigue Syndrome
(CFS) and a non-fatigued group.

Using standardized laboratory stress testing, dynamic measurements can focus on either reactivity during the
stress test or recovery after the stressor. Reactivity is commonly measured as the difference between peak/stress
level and baseline/pretest level, answering the question “how high was the increase in cortisol?”” Recovery is
commonly measured as either the difference peak/stress level and poststress level (after a fixed time point) or
how long it takes in minutes to return to baseline values after finishing the test. For example, Kristenson et al.
[17] investigated cortisol reactivity to a standardized stress test (TSST) in Lithuanian (Vilnius) men exposed to
long-term psychosocial stress compared with healthy Swedish (Link6ping) men (Fig. 4).

Serum Cortisol responses to a laboratory stress test
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400
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Figure 4: Results of a standardized laboratory stress test comparing two populations (reproduced from Kristenson et al. [36]).

Area Under the Curve Calculated from 2 or More Measurements

The AUC captures an integrated value of cortisol excretion over a period of time. It is believed to combine
information from several consecutive time points into one variable to facilitate statistical analysis. This
calculation is done in 2 (principally different) ways [37]. AUC with respect to increase calculates the area under
the curve using the first value as reference. In other words, it captures a change in secretion (e.g., after a certain
stressor) at a certain time. The AUC with respect to ground also includes the area created by the basal level
(pre-test level). In other words, it captures the overall concentration at a certain time. It has also been shown
empirically that there is a reasonably good correlation between AUC with respect to ground and levels of free
cortisol in 24-h urine samples (r=0.4) [38].

As with the deviations mentioned earlier, the values of AUC are highly dependent on the time frame used in
calculation. AUCs can be categorized as morning, mid-day, diurnal, and laboratory stress test. Both AUC with
respect to ground and AUC with respect to increase may be computed for any time frame.



The Role of Saliva Cortisol Measurement in Health The Role of Saliva Cortisol Measurement in Health and Disease 11

Effects of the Dexamethasone Suppression Test

This test typically measures the overnight effect of oral administration of 1 mg dexamethasone. Most
healthy participants seem to respond well and their HPA axis is totally suppressed the day after, although in
other cases the cortisol levels are not affected. This is commonly described as non-suppression. For
example, Lange et al. [39] performed the Dexamethasone Suppression Test (DST) in 21 female borderline
patients and 23 healthy controls [39].

Relation of Saliva Cortisol Levels to Covariates - Stressors, Buffers and Outcomes

The main aim of several studies using saliva cortisol measurements was to examine the importance of
health determinants in relation to cortisol levels. In addition to the sampling procedure and standardization
of the test setting, validity of results is also related to proper use of statistical analyses and control of
confounders.

The distribution of saliva cortisol in a population is usually negatively skewed, which can be solved by
logarithmic transformations of the data before use of parametric methods. This means that the influence of
a few very high values is reduced. As logarithmic measurements are difficult to interpret, measurements are
usually transformed back to actual values (e.g., nmol/L) before presentation in tables and figures.

Lack of control for age and sex, time when the cortisol sample is taken, the individual’s normal awakening
time, various forms of medication, e.g., antidepressant treatment, and many other factors may confound the
result and modify the effects on the cortisol responses.

CORTISOL AND HEALTH

Cortisol is related to several health determinants. To a large extent, these health determinants can be
logically organized in a hierarchy, as described in the model from Marmot and Wilkinson [40] (Fig. 5).

This structure is also relevant according to CATS theory, i.e., in terms of these factors being stressors,
buffers, physiologic correlates, or measures of morbidity.

Socioeconomic Material
position factors

Work
environment @
Sacial Psychology)

environment

/' Lifestyle Physiology
Childhood / Well-pging
Morbld_lty
Mortality

Figure 5: Model suggesting a link between external factors and health. Modified from Marmot and Wilkinson [40].

Stressors include life conditions in terms of individual SES and ethnicity and psychosocial work
environment. Low SES, immigrant status, a poor work environment in terms of high job strain and poor
social support, and poor balance between effort and rewards, are factors known to be associated with a
higher risk of premature death and ill-health, most pronounced for mental ill-health, Cardiovascular Disease
(CVD), and musculoskeletal disorders.

With regard to buffering resources, according to the CATS model, the stressor, per se, might not be informative
enough regarding an individual’s response in terms of straining or training to exposure. Whether the exposure is
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stimulating and exciting or threatening depends on the individual’s appraisal of the situation, which in its turn is
based on previous experiences and expectations of the outcome. The stimulus expectancies may, however, be
distorted by psychological defence mechanisms, e.g., denial or wishful thinking. This response outcome
expectancy can be measured using psychometric scales of psychological resources, such as mastery, coping,
self-esteem, sense of coherence [41], and psychological well-being [42].

Sleep is of particular importance in this context as it is the most important part of the restitution. During sleep,
deep slow-wave (according to electroencephalography) sleep in particular, catabolic processes are replaced by
anabolic processes and immune functions are enhanced. Sleep is also of importance for adequate metabolic
functioning and it has been indicated that memory consolidation is strengthened during sleep.

With regard to physiologic correlates, long-term exposure to stressful conditions, such as work-related stress, is
known to lead to increased risk for several disease groups, of which CVD is one. Therefore, the relationship
between cortisol levels and established biomarkers for CVD risk are relevant. These include Body Mass Index
(BMI), waist hip ratio, lipid levels, blood pressure, and insulin resistance (plasma glucose and insulin levels).

The concept of allostatic load combines these factors with catecholamines (as a measure of the autonomic
nervous system activity) and increased coagulation (e.g., fibrinogen level). Another physiologic pathway to
observed outcomes of high stress (or stressor load) is immunologic factors; e.g., Inter Leukins (IL),
especially IL-6, and factors related to vulnerability (matrix metalloproteinase). Additional physiologic
measurements include other hormones, e.g., growth hormones.

With regard to morbidity measures, several mental and somatic health problems have been associated with
cortisol secretion. Examples of mental health problems are perceived stress (as defined by Cohen [43]),
depression, vital exhaustion, and burnout. Examples of somatic health problems are CVD, cancer,
musculoskeletal disorders, and pain [44-47].

Table 2: Example of main table as used in the chapters

References Year |Exp.|Des. [n. M/W ] Single time points | Deviation AUC Dexamethasone
cort. (or sum/mean of two [ (difference/ slope Suppression
or more time points) | between two or test

more time points)

al |a2|a3|a4|a§ bl |b2|b3|b4 cl |02 |c3 |c4 d

Exposure/outcome 1

Last name [1] 1996 Exp |87 [87/0 0 0
Last name [2] 1996 c-S [180 |88/92 ! 0 0

Last name 3 [3] | 1999 cC |66 |24/42 0 1
Last name 4 [4] {2000 Pros |59 |59/0 0 0 1

Lastname 4 [5] | 2003 cs |36 |10126 0 0 1 0

Information in table:
Reference Last name of first author.

Year Year of publication.

Exp Exposure (or outcome depending on content in chapter).

Des. Study design where C-S stands for cross-sectional, C-C for case-control, Pros. for prospective and Exp. for experimental
design.

n cort Number of participants with cortisol measurements.

M/W Indicates number of me and women in the study group.

Arrow up indicates a positive significant association, arrow down a negative significant association and 0 a nonsignificant finding.
OUTLINE OF THIS BOOK

In the chapters of this book, a literature review of recent empirical studies is presented, relevant for the relations
described earlier for health determinants/outcomes in relation to cortisol. This was done by sorting the evidence
according to the methods used for measuring cortisol: single time points, deviation/slope, and AUC
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measurements or dexamethasone test according to the following schemes (Table 2). All chapters present results
in tables following this template. Each chapter includes 2 types of tables: 1 with full information on the study
design, type of sample, and the methods used for sampling saliva, measurements of covariates and results;
according to the three schemes above. The second table summarizes the findings from the first table, using

arrows (up or down) and zeros to indicate positive, negative, and nonsignificant findings.

5 different categories of single time points are used for presenting results, 4 for deviations and 4 for AUC.
These are defined as follows:

Single Time Points

al. Atawakening (immediately on awakening; normal awakening time).

a2. Inthe morning (including the morning peak).

a3. Atmidday (from 12:00 to 18:00 h).

a4. In the evening (normally late evening, in a restful state, before going to bed).
a5. Mean or sum of several measurements over the day.

Deviation

Using ambulatory saliva sampling:
bl. Morning (difference between awakening and adjacent time point, absolute or relative).
b2. Midday.
b3. Morning-evening: pattern of secretion over the day.

Using standardized laboratory stress testing:

b4. Standardized laboratory test; reactivity (difference between peak and baseline/pretest level)
and/or recovery (difference between peak and poststress level, i.e., time when return to
baseline was expected); when relevant; baseline before exposure to stressor.

AUC

cl. Morning (increase/ground).

c2. Midday (increase/ground).

c3. Morning-evening (increase/ground).
c4. Laboratory test (increase/ground).

Dexamethasone Suppression Test

No stratification on different doses in dexamethasone test has been made.

Book Content

The book contains 7 chapters on salivary cortisol in relation to a broad spectrum of factors. (Table 3).
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Table 3: Evaluated factors in relation to salivary cortisol

Chapter Content Factors included (search terms)
number

2

Socioeconomic status and demographic variables Education attainment
Occupational status
Income

Ethnicity

Age

Sex

Psychosocial work stressors Effort-reward-imbalance
Demand-control-support-models

Perceived stress and psychosocial resources Perceived Stress Scale
Locus of Control
Mastery

Self-Esteem

Sense Of Coherence

Biological markers Body Mass Index

Waist circumference
Waist/hip ratio

Blood pressure

Cholesterol (Total; LDL; HDL)
Triglycerides

Blood glucose

Heart rate

Heart rate variability
C-reactive protein
Interleukin-1

Interleukin-6

Tissue Necrosis Factor alpha

Sleep Sleep duration

Overall sleep quality
Difficulty falling asleep
Disturbed/restless sleep
Sleep deprivation

Mental health problems Depression
Vital exhaustion
Burnout

Somatic disease Cardiovascular Disorders
Cancer

Rheumatoid Arthritis
Pain

In each chapter, and in the summary in Chapter 9, the findings are discussed in relation to the question: Is it
possible that divergent results of studies are related to different theoretic assumptions and methods used?
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Abstract: This chapter evaluates the association between salivary cortisol and socioeconomic variables
(level of education, occupational status, income and related composite measures), ethnicity, age and
sex. There were many non-significant findings for all variables, indicating that the associations with
cortisol levels are relatively small. Regarding the significant results, there were some consistent trends.
It is implied that high SES, regardless of how it is measured, is associated with a higher cortisol
deviation throughout the day, and a higher capacity to react with increase in cortisol following a
laboratory stress test. Regarding ethnicity, results consistently hint at a higher deviation throughout the
day amongst Caucasians in comparison to Hispanics and Afro-Americans. Analyses on sex were not
fully consistent, possibly due to influences of the menstrual cycle on cortisol levels. In addition, it has
been reported that men and women respond differently to different stressors used in laboratory stress
tests. For age, the significant findings found may hint at a small but general increase in cortisol levels
throughout the day with increasing age.

Keywords: Salivary cortisol, socioeconomic status, educational level, occupational status, income,
ethnicity, age, sex, single time point measures, deviations measures, area under the curve.

INTRODUCTION
Socioeconomic Status

Low Socioeconomic Status (SES), whether measured as educational level, income, occupational status, or
other indicators are consistently associated with increased morbidity and mortality regardless of context [1-
3]. The mechanisms have been discussed for decades, but are as yet not fully elucidated. Suggested
mechanisms are typically based on a lower material standard and lower financial resources, a higher
exposure for both environmental risk factors and behavioral risk factors, and/or lower psychosocial
resources such as coping and higher psychosocial risk factors such as depressive mood and hopelessness [4-
9]. As it has been hypothesized that behavioral factors and psychosocial factors may have an impact on
stress hormones (see Chapters 4 and 7 for overviews), it has been suggested that at least part of the
detrimental effects of low SES are mediated by stress hormones, in particular with reference to
dysregulation of the Hypothalamo-Pituitary-Adrenal (HPA) axis [10].

A recent review of the literature on salivary cortisol and SES has been performed by Dowd et al. [11]. The
review was based on 14 studies, and suggests that lower SES is related to a blunted pattern of cortisol
secretion, although there are many inconsistencies in the results [11]. In the summary of the 14 studies, 4
showed an association between low SES and higher cortisol levels, 2 showed an association between low
SES and lower cortisol levels (regardless of when cortisol was measured), 4 showed mixed results and 4
were non-significant [11]. The authors suggest that part of the explanation for the inconsistency was the
variation in approaches regarding cortisol measurements and state that a better theory and study design
should help clarify the expected and observed relationships between SES and cortisol levels. In this chapter,
we go through the papers covered in the review by Dowd et al. [11] and add some more papers not included
in the review. A brief review of ethnicity is also included in this chapter, as is sex and age.
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AIM

To examine to what extent associations between different measures of SES and cortisol measurements and
can be found, and which of the cortisol measurements seem to be of highest relevance. A second aim was to
examine to what extent different cortisol measurements were related to ethnicity, age and sex.

METHOD
Search Strategies

In a first step, an online search of the NCBI PubMed database was conducted (National Library of
Medicine, National Institutes of Health, Bethesda, MD, USA. http://www.ncbi.nlm.nih.gov/PubMed). The
search covered the period up to October 2009 (allowing e-publications if a full paper was published
electronically prior to journal publication). Search terms were selected with reference to relevant PubMed
terms and key words (see detailed description for each of the biological markers below), in combination
with salivary cortisol in its truncated form (“saliva*”). The limitations were set only to include studies
matching “human” and “English”.

In a second step, studies on patient populations were excluded (e.g., cancer, diabetes, and major depressive
disorder). Studies on genome variations, pregnant women, and pharmacological interventions were also
excluded.

In a third step, all articles retrieved from each search were briefly read. If no direct statistical analysis
between salivary cortisol and the evaluated factors were presented in tables, figures, or text, the paper was
excluded. Intervention studies were included if associations with the factors of interest were presented as
baseline characteristics. However, the effects on salivary cortisol in response to the intervention are not
included in this review. Articles were also excluded if another (prior) publication from the same study
material was already included in the evaluation.

SES

EEINT3

The terms “socio”, “socioeconomic” and “SES” were used in combination with truncated salivary and
cortisol as three searches. These yielded in 62 hits. In combination with truncated salivary and cortisol, the
term “educational” yielded 39 hits, “income” yielded 40 hits, and “occupational” yielded 83 hits.

Ethnicity

The terms “ethnicity” and “race” were used in combination with truncated salivary and cortisol as two
searches. These yielded 46 hits.

Sex

In addition, papers were included if sex-specific analyses were reported in other papers found in searches
on socioeconomy. In total, there were 84 hits.

Age

The term “age difference” in combination with truncated salivary and cortisol was used. In addition, papers
were included if analyses on age were reported in other papers found in searches on socioeconomy. In total,
there were 61 hits.

RESULTS

Several studies control for the effects of SES and/or ethnicity, without presenting associations between cortisol
and SES or ethnicity per se. Similarly, most studies control for the effects of sex and age, but do not explicitly
present associations with those factors. Therefore, the number of studies is reduced in comparison to the
numbers found in the searches. After meeting all exclusion criteria, 21 papers remained, describing at least one
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measure of salivary cortisol in relation to any of the measures of SES. There were 6 papers on ethnicity, 18 on
sex and 12 on age. In total, 210 associations between salivary cortisol and any of the variables evaluated have
been studied, comprising 108 associations on SES, 17 on ethnicity, 50 on sex, and 35 on age. The proportions
between salivary cortisol and all markers tested were: for single time points, 108 (51%); for deviations, 73
(35%); for Area Under Curve (AUC), 26 (12%); and for dexamethasone tests, 4 (2%).

Educational Level
Quantitative Analysis on the Studies Evaluated

In 13 studies [12-24], there were 44 analyses on the relationship with salivary cortisol Table 1a. Of these 27
were on single time points, 12 on deviations, 5 on AUC, and 1 on dexamethasone suppression test. In total,
12 of the analyses (27%) showed significant associations with salivary cortisol, whereas the other 32 (73%)
were non-significant. Of these, 8 of the significant findings were found for single time points (30%), 3 for
deviations (25%), and 1 for AUC (20%). The significant findings were mainly clustered in two categories:
higher level of education was associated with low evening samples in 3 out of 6 studies (50%); higher level
of education was associated with a higher capability to react on laboratory stress tests in 2 out of 3 studies
(67%).

Table 1a: Summary of main findings of associations between measures salivary cortisol and high educational status
sorted by year of publication

References | Year | Design | No. Sex Single time points (or | Deviation AUC Dexamethasone
cortisol | m/w sum/mean of two or (difference/slope suppression test
more time points) between two or more
time points)
al [a2 |a3 |a4 |a5 |bl |b2 b3 |b4 cl c2 c3 c4 d
Brandstadter | 1991 | C-S 767 387/380 T 10 |0
[12]
Kristenson |2001 | C-S 183 183/0 0 T
[13]
Bennett [14] [ 2004 | C-S 56 22/34 I 0
Wright [15] |2005 | C-S 81 40/41 0 0 |0
Steptoe [16] | 2005 | C-S 158 67/91 0 0
Vreeburg 2006 | C-S 491 199/29240 |0 0 0 010 0
[17]
Daniel [18] [2006 | C-S 129 0/129 0
Cohen [19] [2006 | C-S 193 95/98 0 |0 |O l
Cohen [20] [2006 | C-S 781 328/45340 |0 (| |} 0 T 0
Neupert 2006 | C-S 74 58/26 0 |0 T
[21]
Dockray 2008 | C-S 83 55/28 0
[22]
Garcia [23] [2008 | C-S 86 35/51 (U A A ) 0
Hong [24] [2009 | C-S 26 0/26 0 |0 |0 ||

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning to evening
increase/ground; c4, laboratory stress test increase/ground; C-S, cross-sectional.

Consistency of the Material

Most of the associations evaluated were non-significant findings. None of the studies report any association
between the level of education and cortisol levels at awakening [15, 17, 20, 23, 24], or between cortisol
levels and Cortisol Awakening Response (CAR) [14, 15, 20, 22, 23]. These reports included small-scale
studies and large-scale studies in different contexts. Arrows in opposite directions were found only for
single time points of cortisol measurements in the morning; two studies report associations between a high
cortisol level and high educational level [12, 14], whereas one study suggest an association between a low
cortisol level and a high education level [23].
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Methodological or Contextual Explanation for Divergent Findings

The studies reporting inconsistent results for morning values are based on study designs that differ greatly.
Based on the sampling protocol in each study, the highest control of when samples were actually taken is
found in Bennett et al. [14], where all participants received a telephone call at normal awakening time, with
a second call 30 min after as a reminder to take the second sample (constituting the morning sample in the
study). Brandstidter et al. present a large-scale study, in which participants were instructed to leave a
morning sample between 07:00 h and 09:00 h [12]. In the study by Garcia et al. participants were instructed
to leave samples at 07:00 h as the second sample in the study [23].

Occupational Status
Quantitative Analysis on the Studies Evaluated

In 5 studies [12, 13, 25-27], there were 17 analyses on the relationship with salivary cortisol. Of these
Table 1b, 11 were on single time points, 5 on deviations, and 1 on a dexamethasone suppression test. In
total, 6 of the analyses (35%) showed significant associations with salivary cortisol, whereas the other 11
(65%) were non-significant. Of the significant findings, 2 were found for single time points (18%), 3 for
deviations (60%), and 1 for dexamethasone suppression test (100%).

Table 1b: Summary of main findings of associations between measures salivary cortisol and high occupational status
sorted by year of publication

References Year | Design | No. Sex Single time points (or | Deviation AUC Dexamethasone
cortisol | m/w sum/mean of two or (difference/slope suppression test
more time points) between two or more
time points)
al |a2 [a3 |a4 [a5 |[bl b2 |b3 |b4 cl c2 c3 c4 d
Brandstédter | 1991 | C-S 767 387/380 T 10 0
[12]
Rosmond 2000 | C-S 284 284/0 0 T l
[25]
Kristenson 2001 | C-S 183 183/0 0/ T
[13]
Steptoe [26] [2003 | C-S 163 87/76 0 |0 0 [0 O 0
Kunz- 2004 | C-S 128 69/59 10 l
Ebrecht [27]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; b1, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning to evening
increase/ground; c4, laboratory stress test increase/ground; C-S, cross-sectional.

Consistency of the Material

The number of studies is too low to fully evaluate the association of occupational status and salivary cortisol.
However, the reported finding of deviations hint at a higher diurnal variation [25] as well as a higher capability
to respond to a laboratory stress test [13] amongst subjects with higher occupational status.

Methodological or Contextual Explanation on Divergent Findings

Steptoe et al. [26] report non-significant associations between salivary cortisol and occupational status when
evaluating the entire study population. They report that there is a difference between men and women; women
with higher grades of employment tend to have somewhat higher levels of cortisol throughout the day
compared with women with lower grades, whereas men with high grades of employment tend to have
somewhat lower cortisol levels throughout the day compared with men with lower grades [26]. The possible
sex difference may have a contextual explanation in manual/nonmanual work; the former may be associated
with higher levels of stress hormones as a preparation for physical tasks.
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Income
Quantitative Analysis on the Evaluated Studies

In 7 studies [12, 13, 19, 20, 22, 23, 28], there were 25 analyses on the relationship with salivary cortisol Table 1c.
Of these were 15 on single time points, 5 on deviations, and 5 on AUC. In total, 13 of the analyses (50%) showed
significant associations with salivary cortisol, whereas the other 13 (50%) were non-significant. Of the significant
findings, 8 were found for single time points (50%), 2 for deviations (40%), and 3 for AUC (60%).

Table 1c: Summary of main findings of associations between measures salivary cortisol and high income sorted by
year of publication

References | Year | Design | No. Sex Single time points (or Deviation AUC Dexamethasone
cortisol | m/w sum/mean of two or (difference/slope suppression test
more time points) between two or more
time points)
al [a2 [a3 [a4 [a5 |bl |b2 |b3 |b4 cl c2 c3 c4 d
Brandstadter | 1991 | C-S 767 387/380 T 11T |0
[12]
Kristenson [2001 | C-S 183 183/0 0 I
[13]
Cohen [19] [2006 |C-S 193 95/98 0 |0 |0 0
Cohen [20] | 2006 | C-S 781 328/45310 |0 (| || 0 1 l
Dockray 2008 | C-S 83 55/28 1
[22]
Garcia [23] [2008 | C-S 86 35/51 10 |1 (1 |} 0 0
Kraft [28] 2009 | C-S 94 37/57 0 T

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning to evening
increase/ground; c4, laboratory stress test increase/ground; C-S, cross-sectional.

Consistency of the Material

As with educational status, there is a possible contradiction in the findings presented by Brandstéddter et al.
[12] compared with Garcia et al. [23] regarding morning values of salivary cortisol (see above). Regarding
other significant associations, there seems to be a consistency in that the findings suggesting a higher
diurnal variation amongst subjects with higher income [20] are in line with findings of lower evening
values [20, 23] and a lower AUC with respect to ground throughout the day [20]. Also, the reported higher
capability by Kristenson et al. to respond to a laboratory stress test [13] amongst subjects with higher
income are in agreement with Kraft et al. [28], who suggest that high family income is associated with
higher levels of cortisol throughout a laboratory stress test (speech task).

Methodological or Contextual Explanation for Divergent Findings

There are no apparent systematic differences between the studies showing associations and the studies
reporting non-significant findings. Thus, no clear contextual explanations can be found.

Other SES Measures

Using the search terms described earlier, there were a number of studies that used measures of SES that
deviate from the classic three: education, occupational status, and income. Those are combined in this
section.

Quantitative Analysis on the Evaluated Studies

In 6 studies [15, 19, 29-32], there were 22 analyses on the relationship with salivary cortisol Table 1d. Of
these were 10 on single time points, 10 on deviations, and 2 on AUC. Four of the analyses (18%) showed
significant associations with salivary cortisol, whereas the other 18 (82%) were non-significant. Of the
significant findings, 3 were found for deviations (30%), and 1 for AUC and (50%).
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Table 1d: Summary of main findings of associations between measures salivary cortisol and other measurements of SES

References | Year | Design | No. m/w Single time points (or Deviation AUC Dexamethasone
cortisol sum/mean of two or (difference/slope suppression test
more time points) between two or more
time points)
al Ja2 [a3 [a4 [a5 |BI [b2 [b3 [b4 o Je [ Je ]a

High Composite SES (education x income)

Cohen 2006 | C-S 193 98/95 0 |0 |0 l
[19]

High Composite SES (education X income x material wealth)

Decker 2000 | C-S 31 31 0

[29]

High Composite SES (education x income x self perceived SES)

Wrosch 2007 | C-S 215 103/112 0 0 0 0
[30]

High subjective socioeconomic position

Wright 2005 | C-S 81 40/41 |0 l

[15]

Low material hardship
R f2oosfes Juws Jw o fo | [ [ [ [t [ Jo [ [ JT[[T[]]]
Low financial strain

Wright {2005 |C-S |81 40/41 |0 0 |0
[15]

Changes to lower financial strain
Steptoe 2005 | Pros. 114 63/51 0 |0 1/0 0
[32]
Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, moming to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; ¢3, morning to evening increase/ground;
c4, laboratory stress test increase/ground; d, DST, dexamethasone suppression test; C-S, cross-sectional; Pros, Prospective.

Consistency of the Material

Most of the associations evaluated were non-significant findings. None of the cortisol measures based on
single time points showed any significant association with SES measures. Cohen ef al. [19] suggest that,
although there are non-significant findings regarding single time points in both studies, a high SES (as
composite measure) is associated with a lower AUC with respect to ground throughout the day.

Ranjit et al. [31] suggest that low material hardship is associated with a steeper slope following the
morning peak (based on a higher peak). This is in line with the results by Steptoe et al. [32] where an
increased financial strain is associated with a lower awakening response. Although different constructs are
used to measure SES, this may be somewhat in contrast to Wright ez al. [15] who suggest that participants
with lower (self-rated) SES have a higher awakening response.

Methodological or Contextual Explanation on Divergent Findings

There are no apparent systematic differences between the studies showing associations and the studies
reporting non-significant findings. Thus, no clear contextual explanations can be found.

SES (All Measurements)

As there is a considerable overlap in construct between common measures used to capture SES, the results
for education status, occupational status, income level, and other measures of SES are aggregated and
presented together as one entity.

Quantitative Analysis on the Evaluated Studies

In 21 studies [12-32], there were 108 analyses on the relationship with salivary cortisol. Of these were 63
on single time points, 31 on deviations, 12 on AUC, and 2 on dexamethasone suppression test. Of these, 34
analyses (31%) showed significant associations with salivary cortisol, whereas the other 64 (69%) were
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non-significant. Of the significant findings, 17 were found for single time points (27%), 11 for deviations
(35%), 5 for AUC and (41%) and 1 for dexamethasone suppression test (50%)

Consistency of the Material

There are more non-significant findings than significant findings. However, there are few studies
contradicting a general pattern where subjects with higher SES tend to have a somewhat higher diurnal
deviation throughout the day, a lower AUC with respect to ground throughout the day, and a higher
capacity to react with an increase in cortisol following a laboratory stress test.

Methodological or Contextual Explanation on Divergent Findings

The studies using a measure of SES that deviates from the classic three (education, occupational status, and
income), ie., using a composite measure, subjective SES, or other measure, do not seem to show
significant findings to the same extent as the other three (with the exception of AUC; both studies that
included this measure reported a significant association).

Ethnicity
Quantitative Analysis on the Evaluated Studies

In 7 studies [14, 20, 22, 33-36], there were 17 analyses on the relationship with salivary cortisol Table 1e. Of
these were 6 on single time points, 9 on deviations and 2 on AUC. In total, 10 of the analyses (58%) showed
significant associations with salivary cortisol, whereas the other 7 (42%) were non-significant. Of the significant
findings, 3 were found for single time points (60%) and 6 for deviations. The significant findings on deviations
were clustered in category b3 (deviation throughout the day) where 6 out of 6 findings were significant.

Table 1e: Summary of main findings of associations between measures salivary cortisol and ethnicity sorted by year of
publication.

References | Year | Design | No. Sex Single time points (or Deviation AUC Dexamethasone
cortisol | py/w sum/mean of two or (difference/slope suppression test
more time points) between two or more
time points)
al |a2 [a3 [a4 [as [b1 [b2 [b3 [b4 o [ [z a4 a

Caucasians vs Afro-Americans
Bennett 2004 | C-S 56 22/34 T 0
[14]
Wilcox 2005 | Exp 28 0/28 0 l
[33]
Cohen 2006 | C-S 781 328/45311 |0 |0 || 0 1 0
[20]
McCallum | 2006 | C-S 127 0/127 1
[34]
DeSantis | 2007 | C-S 257 67/190 T
[35]
Caucasians vs Hispanics
Gallagher- | 2006 | C-S 48 0/48 1
T [36]
DeSantis | 2007 | C-S 257 67/190 T
[35]
Caucasians vs South-east Asians
Dockray |2008 | C-S 83 55/28 0
[22]
Hispanics vs Afro-Americans
DeSantis | 2007 | C-S 257 67/190 1
[35]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning to evening
increase/ground; c4, laboratory stress test increase/ground; d, DST, dexamethasone suppression test; C-S, cross-sectional; Exp,
experimental.
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Consistency of the Material

There is a high degree of consistency in the presented results. All three studies that compared Caucasians
and Afro-Americans and evaluated a deviation throughout the day reported a higher deviation among
Caucasians [20, 34, 35]. It is also suggested that Caucasians have higher deviation throughout the day than
Hispanics [35, 36], and Hispanics have higher deviation than Afro-Americans [35]. The results on
deviations is also supported by difference at single time points by two studies, where it is reported that
Caucasians have a higher level in the morning and a lower level in the evening in comparison to African-
Americans [14, 20].

Methodological or Contextual Explanation for Divergent Findings

There are no apparent clear contradictions in the results. Wilcox et al. [33] examined stress reactivity in
caregiving postmenopausal women and found that more African Americans (58%) than Caucasians (14%)
showed >50% increase in cortisol during a test interview about negative aspects of being a caregiver. This
laboratory task might reflect a more uncontrollable and stressful situation as a caregiver amongst African
Americans than amongst Caucasians.

Sex
Quantitative Analysis on the Evaluated Studies

In 18 studies [12, 15-17, 22, 27, 30, 37-47], there were 50 analyses on the relationship with salivary cortisol
Table 1f. Of these were 21 on single time points, 22 on deviations, 6 on AUC, and 1 on dexamethasone
test. Of these, 20 of the analyses (40%) showed significant associations with salivary cortisol, whereas the
other 30 (60%) were non-significant. Of the significant findings, 5 were found for single time points (23%),
11 for deviations (50%), 3 for AUC (50%) and 1 for dexamethasone test (100%).

Table 1f: Summary of main findings of associations between measures salivary cortisol and sex sorted by year of
publication

References | Year | Design | No. Sex Single time points (or | Deviation AUC Dexamethasone
cortisol |/ sum/mean of two or (difference/slope two or suppression test

more time points) more time points)
al [a2 [a3 [a4 [as [b1 b2 [b3 [b4 o [ Ja Ja |[a

Sex, women vs men

Brandstédter | 1991 | C-S 767 387/380 T 1t 10

[12]

Kirschbaum | 1992 | C-S 153 75/78 0 l

[37]

Kirschbaum | 1999 | C-S 81 20/61 1?

[38]

Stroud [39] |2002 | C-S 50 24/26 1°

Kudielka 2003 | C-S 105 53/52 0 0 0

[40]

Hansen [41] |2003 | C-S 120 37/83 0 |0/ |0 0

Kunz- 2004 | C-S 128 69/59 0 1/0°

Ebrecht [27]

Wright [15] [2005 | C-S 81 40/41 0 1 I

Steptoe [16] | 2005 | C-S 158 67/91 0

Dockray 2008 | C-S 83 55/28 0

[22]

Wrosch [30] | 2007 | C-S 215 103/112 J0 0 il T

Therrien 2007 | C-S 82 51/31 0

[42]

Steptoe [43] | 2007 | C-S 2873 2126/747 1

van 2008 | C-S 80 21/59 0 0

Stegeren
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[44]

O’Donell 2008 |C-S  [479  [309/170 0 0 !

[45]

Vreeburg 2009 |C-S  |491 199/292 o |0 0 1 ! 1 lo !
[17]

Bouma [46] [2009|C-S  |644  [352/292 0

Filaire [47] [2009|C-S |52 26/26 o1 [0 |o 0

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning to evening
increase/ground; c4, laboratory stress test increase/ground; d, DST, dexamethasone suppression test; C-S, cross-sectional.

* Differences vary with menstrual cycle.

® Different results for different stressors.

¢ Difference for workdays but not for weekends.

Consistency of the Material

Overall, there were small differences reported between women and men. The highest consistency was found in
laboratory stress tests, where men had a higher response than women in 4 studies (50%) [37-39, 46]. The
associations in the early hours of the day hint at a possible difference, where women tend to have somewhat
higher values in the morning, as assessed by CAR or single values in the morning (41%) [12, 15, 17, 27, 41, 47].

Methodological or Contextual Explanation for Divergent Findings

It has been reported by Stroud ef al. [39] that different stress tests have different patterns for women and men.
Women appear more physiologically reactive to social rejection challenges (such as being systematically
excluded by associates during a conversation), but men react more to achievement challenges (where study
participants were told that the investigator studied the relation between intelligence and performance) [39]. This
might have implications on choice of stressors depending on whether men or women are to be studied.

Several studies indicate that cortisol levels are influenced by the menstrual cycle, which complicates
analyses on sex differences. It is suggested that estradiol induces changes in corticosteroid-binding protein
levels [38]. Kirschbaum er al. [38] suggest that men in general have a stronger hypothalamic drive in
response to stressful stimulation than women. However, although the difference is consistent between men
and women in the follicular phase or women using contraceptives, there were no difference between
women in the Iuteal phase [38].

Age
Quantitative Analysis on the Evaluated Studies

In 12 studies [12, 16, 17, 21, 22, 29, 30, 40, 41, 45, 48, 49], , there were 34 analyses on the relationship
with salivary cortisol Table 1g. Of these, 17 were on single time points, 11 on deviations, 5 on AUC, and 1
on dexamethasone test. Eleven of the analyses (32%) showed significant associations with salivary cortisol,
whereas the other 23 (68%) were non-significant. Of the significant findings, 5 were found for single time
points (29%), 4 for deviations (36%), 1 for AUC (20%) and 1 for dexamethasone test (100%).

Consistency of the Material

Most of the associations evaluated were non-significant findings. The reported significant associations may
hint at a general increase in salivary cortisol levels with increasing age. Four independent studies show that
increased age was associated with increased cortisol levels, at different time points throughout the day.
Moreover, two out of two studies conclude that increasing age is associated with a higher reactivity in
laboratory stress tests.

Methodological or Contextual Explanation for Divergent Findings

It has been suggested that age differences are more apparent in older ages [41]. There were however no
apparent differences in mean age between the studies reporting significant differences and the studies
reporting non-significant findings.
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Table 1g: Summary of main findings of associations between measures salivary cortisol and age sorted by year of
publication

References | Year | Design | No. Sex Single time points (or Deviation AUC Dexamethasone
cortisol | /w sum/mean of two or (difference/slope suppression test
more time points) between two or more
time points)
al [a2 [a3 [a4 [as [o1 [o2 [03 |04 o Je2 Ja s |a

Age, increasing
Brandstadter | 1991 | C-S 767 387/380 0/p {0 |0
[12]
Decker [29] (2000 | C-S 31 31 0
Seeman [48] | 2001 | C-S 40 16/24 T
Kudielka 2003 | C-S 105 53/52 11 l l
[40]
Hansen [41] |2003 | C-S 120 37/83 10 |0 0 0
Steptoe [16] | 2005 | C-S 158 67/91 T I
Vreeburg 2006 | C-S 491 199/29210 (0 I 0 0 010 1
[17]
Neupert 2006 | C-S 74 58/26 0 0 i
[21]
Wrosch [30] {2007 | C-S 215 103/112]0 0 I 0
Ahn [49] 2007 [ C-S 359 167/192 0
Dockray 2008 | C-S 83 55/28 0
[22]
O’Donell 2008 | C-S 540 350/192 0 0
[45]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; b1, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning to evening
increase/ground; c4, laboratory stress test increase/ground; d, DST, dexamethasone suppression test; C-S, cross-sectional.

Most studies, with significant and non-significant findings, had a fair sample size. Thus, lack of statistical
power is an unlikely explanation to the large number of non-significant findings.

DISCUSSION
General Remarks

Before interpreting the results further, there are 3 aspects that should be considered.

First, we studied salivary cortisol levels alone, focusing on the feasibility of using this approach with regard to
socioeconomic and demographic variables. A number of other studies using concentrations in sera and/or urine
that we omitted may be of relevance when determining associations between cortisol and the factors studied.

Second, a large proportion of the articles are based on relatively small study populations. This leads to the
possibility of a high number of beta errors in the presented non-significant findings. On the other hand, the results
may suffer from publication bias, where non-significant findings are not reported explicitly in some papers, even
though analyses were done on cortisol and socioeconomic or demographic variables. It is somewhat of a
scientific oddity that there are numerous studies that adjust for age, sex, SES, and ethnicity without reporting if
there are associations between cortisol and these factors to begin with. Indeed, several studies report low R
values for regressions on cortisol levels, also when including SES, ethnicity, age, and sex in the models. For
example, O’Donell et al. [45] reports an R* value of about 0.13 when studying various cortisol measures
adjusting for income, sex, age, body mass index, depression, smoking, self-rated health, and awakening time.

Third, the search strategies used may be somewhat incomplete. It is likely that associations between any of the
variables covered in this investigation and cortisol in saliva have been studied and presented in papers that
could not be identified in our search. In particular, this might be the case for age and sex, where analyses are
presented but hidden from key words and titles, as those analyses are not a primary aim of the paper.
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A description of all papers covered in this section can be found in Table 2.

Table 2: Included studies on socioeconomic status and demographic variables sorted by appearance in text in this chapter
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References | Outcome Study design/group | Sampling Laboratory method of Statistical approach | Statistical analysis, in | Results Discussion
characteristics standardization in for cortisol measure | relation to outcome
sampling
Brandstédter | Educational level Design: C-S Days: 1 RIA Kkit. Salivettes were Cortisol data: log Correlations on age al significantly higher Cortisol levels assessed later
1991 [12] Occupational status | No: 767 Samples per day: 3 mailed with instructions | transformed and sex. Spearman for all three SES in the day have clearly less
Income M/W: 387/380 Tirmes for sampling: Sample 1 and a short questionnaire | \feasurement(s): rank correlations for | variables and for men. differential predictive value,
) between 07-00 and 09:00 h on health status and use of | single time points at | SES measures a2 positively associated | Which is most probably due to
Age Age: 30-60 years ’ ’ medication 22. 23 and a4 with income and higher | decreasing variance of
Sex Group: Population | Sample 2 between 15:00 and ’ for men cortisol levels throughout the
based recruitment | 1700 a3: No associations day
of married couples | Sample 3 between 20:00 and rei)o rted
from urban area, 22:00 h . .
Germany Setting: ambulatory Age was negatively
Excl: not known associated with al
: o amongst women, but not
Prate: 77% amongst men. No
associations for age to a2
ora3
Kristenson | Educational level Design: C-S Days: 1 Not stated Cortisol data: Spearman rank In linear regression Our results indicate that men
2001 [13] Occupational status | No.: 310 Samples per day: 3 continuous correlations for SES models, flﬂer controlling | in low socilal class had more
Income M/W: men Times for sampling: afternoon Measurement(s): measures. Linear for the city, blue-collar | psychosocial stress and an
’ . o single time pointat | regressions with all occupations and low attenuated cortisol response to
Age: 50 years Setting: laboratory setting. 23 SES variables in the | education related to low | a laboratory stress test. This
Group: Population | Baseline lgvel and response to Laboratory stress same model saliva reponse to stress | same pattern is found in
based samples in | @ standardized stress test vy (p=0.045 and 0.006, Vilnius and Linkdping men.
. N test (b4) .
one Lithuanian city respectively)
and one Swedish
city
Excl: advanced
cancer
P rate: 79%
Bennett 2004 | Educational level Design: C-S Days: 1 RIA. Samples frozen at— | Cortisol data: log ANOVAs using one | Higher levels of a2 but | Compared with other
[14] Ethnicity No.: 56 Samples per day: 2 20 °C. Salivette™ non- transformed within-group (time) not bl among individuals | findings, the low cortisol
M/W: 22/34 Times for sampling: al coated. All participants Measurement(s): and two between- with higher education levels found among lower
» Awikening plng: at. received an automated a2. Mean awakening | &roup (cthnicity, Higher levels of a2 but | educated African Americans
Age: 36 years (11) . phone call at their normal | 44 30 min after education) design. not bl among whites vs | were particularly surprising
Group: a2. 30 min later time of awakening and 30 bl. Difference Adjustment for sex, blacks. A significant
White/African Setting: Work day; refrain min after be'éween awakening | 28> sampling time, ethnicity by education
American recruited | from eating, drinking, and 30 min after 2 | BMIand managerial | interaction: Whites with
by public smoking, or tooth brushing awakenin status high education had
announcement until after second sample e significantly higher bl
Excl: Not being than the others
fully employed
P rate: not stated
Wright 2005 | Education level Design: C-S Days: 1 Immunoassay with Cortisol data: Comparing A higher subjective The study was based on the
[15] Subjective No.: 81 Samples per day: 5 fluorescence detection Continuous dichotomies on socioeconomic position | hypothesis that higher SES
socioeconomic M/W: 40/41 Times for sampling: at waking Take the first sample in Measurement(s): socioeconomic status | was assoc%atfzd VYlth a individuals would display
position. ) +10.20. 30 and 60 mins after | bed. Instructed not to eat, | Single time point at and sex. lowgr devlgtlon in bl.' No stpaller CARSs than less )
Age: 65-80 o relations with education | priveleged groups, and this
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Financial strain
Sex

Group: Recruited
from general
practices for study
on ageing and

awakening
Setting: Ambulatory at home

drink, smoke or brush
teeth before fourth
sample, otherwise follow
daily routine.

al. Deviations at bl
(30-minutes sample
minus waking
sample)

Controlling for body
mass index, smoking
and time of waking

level and financial strain.

might indicate the operation
of more health-protective
psychobiological processes in
this group.

Prate: 11%

health Deviations at b2,
Excl: Coronary repeated measures
heart disease, of variance on all
tachycardia, five cortisol
dementia, measurements
psychosis, cancer
Prate:n.a
Steptoe 2005 | Educational level Design:C-S Days:1 Immunoassay with Cortisol data: Mean comparisons a3: No differences Educational background had
[16] Sex No.: 158 Samples per day: 2 flourometric detection. continuous between groups between groups no impact on cortisol
. . I Standardised cognitive - resti I adjusted for BMI, -0l he responses, the hypothesis that
Age M/W: 67/91 Times for sampling: Differs X a3: resting value hronic ill b4: Older groups s owed high ioh
Age: 27-42+ among participants. Morning asks. before stress test chronic 11iness, larger cortisol changes igher SES might be
ge: /- daft ba: selecting high medication and time of | ¢hapy younger protective could not be
65-80 vears and afternoon : selecting highest . 24 )
¥ day of testing. articipants. SES did not | confirmed. The study
. Setting: Laboratof value after stress test P pants. . e
Group: ng: Ty . . influence the increased | involves cognitive tasks that
. . environment. Before (at res) In comparison to . e ivating i
Excl: heart disease. level beft cortisol responsivity of | Were not very activating in
_— > | and after stress task. evel before stress i £ ;
dementia, test older participants. terms of neuroendocrine
psychosis, cancer responses.
P rate:
Vreeburg Education level Design: Days:2 EIA. No eating, drinking | Cortisol data: All values higher than | No association between | Sex, smoking, physical
2006 [17] No.: 491 Samples per day: 6 day 1, 1 or smoking 15 min prior | continuous for b1, 2 SD over mean educational level and al, | activity and months with
M/W: 199/292 day2 to sampling. No dental b3 and cl. Log excluded (n = 40). a2,a4,b2,b3,cl ord daylight most consistent
’ Times for sampling: work 24 h prior to transformed foral, | Linear regressions determinants. An explanation
1185g)e. 43 years (SD Awakening, + 30 rﬁin, 445 sampling a4andd Confounders: age, sex, why educational status was
min, +60 min, 22:00 h, 23:00 h Measurement(s): number of pain days, not associated with cortisol
Group: and awakening next day al. at awakening, somatic disease, time was that the gradients were
Excl: No lifetime | (DEXA) a2: +30, +45 and of awakening, large in other studies
history of anxiety Setting: Ambulatory, instructed +60 min daylight, slecp and
or depressive . mentioned outcome
disorder. No to be assessed on a typical a4. mean of 22.00
glucocoﬁicoi d (working) day. 0.5 mg DEXA and 23.00 h
treatment ingested after sample 23:00 h b2 Deviation first
P rate: not stated four Sa[?]p}es
b3 Deviation
between awakening
and 23:00 h divided
by numbers of hours
in between
cl. AUC ground and
increase
d: DEXA
Daniel 2006 | Educational level Design: C-S Days:1 High sensitivity Cortisol data: Regression models Education did not have a | Hence, chronic stress is not
[18] No.: 129 Samples per day: 2 immunoassay. Continuous adjusting for age, race, | significant effect, but related to education, but the
m/w: 0/129 Tirmes for sampling: At Insrructions verbz_llly and Measurement(s): BMI and worksite mod_iﬁed t_he inverse strength of the _association
Age: 21-66 . = in writing: to avoid L . relationship between b2 | between chronic stress and
K awakening and midday (before . b2: midday minus . .
Group: workers at alcohol, eating and . and BMI BMI varied according to
. e lunch) X . awakening .
industrial sites in . . brushing teeth prior to education
North Carolina Setting: Ambulatory, typical | sampling.
Excl: working day.
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Group: Referred to
hospital with acute
chest pain.

mins

Setting: Ambulatory at home

refrain from smoking, not
brush their teeth and not to
eay and drink prior to
sampling.e

with respect to
increase based on all
three samples

compared with the
other group.

was associated with
marginal significance
(p=0.097). No
associations with

Cohen 2006 | Educational level Design: C-S Days: 3 ELISA Cortisol data: Linear regressions High SES as measured | The overall difference in
[19] Income level No.: 193 Samples per day: 7 continuous, adjusting for age, sex, | by educational level is cortisol concentration is
. . . corrected for wake | race and log BML associated with lower attributable to small
Composite SES by z | m/w: 95/98 Times for . . . . . .
. . . up time by residual | Multilevel regressions | levels of cortisol differences throughout the
scores of education Age: 21-55 sampling:Awakening and 1, 2, . .
. : scores used to assess daily throughout the day (c3), | day, and not to a particular
and income | 4,7,9, 11 h after wake up o ) . .
Group: responders ’ Measurement(s): slope but not with single time | time point
to advertisements Setting: Ambulatory at home al-ad. Mean over points. '
in news papers time points for each The SES composite
Excl: pregnant or of the 3 days index showed a similar
chronic disease bl 1h minus significant relation,
. e whereas income showed
P rate: n.a. awakning a similar but not
b3: regre ession on all significant relation
time points
cl. AUC for all
samples with respect
to ground
¢3. Mean over day
as the log of AUC
for the 3 days
Cohen 2006 | Educational level Design: C-S Days: 1 Time-resolved Cortisol data: Multiple regression: The lower education or | The overall difference in
[20] Income No.: 781 Samples per day: 6 immunoassay with continuous, race, sex, SES, income, the flatter the cortisol concentration is
Ethnici e 3287453 Times of sampling: at fluorometric end point Measurement(s): covariates (health curve. Black men and attributable to small
ty ’ awakenin 42 mign' 2508 detection. Salivette™ b3, diurnal slope, behaviors, mental women showed flat differences throughout the
Age: 15-year e pL using all samples health, social network | curves not only because | day, and not to a particular
follow- £18— |and 12hand at bed time, g P o . . . :
ollow-up o reset (to normal wake etc.) + mediational of education and income. | time point
30Ayear 91d people {Dim ) alarm watch P analyses in multilevel | No interaction between
at inclusion e) dlarmwatches. model SES and race
Group: white/black Setting: Weekday, refrain from
Excl: 25 eating, drinking, smoking, or
. tooth brushing 15 min before
participants who samplin.
woke up after ping
11:00h
P rate: 62.6%
Neupert Educational level Design: C-S Days: 1 Participants were Cortisol data: Multilevel modeling | The final model It is important to note that the
2006 [21] Age No.: 74 Samples per day: 5-7 instructefi not to eat four | Measurement(s): cgmparing gducatipn accounted for 4% of the |age differ@nces in reactivity
/W 58/26 Times for sampline: Varics hours prior to laboratory differences in cortisol | between-person variance | were qualified by the role of
: over da from]:no i ing to stress test session trajectories. Time of | in cortisol levels, and SES. Older adults with lower
Age: 45(SD 12) a ftemog]n First sam leg taken in testing included as co- | demonstrated that age SES did not experience
Group: Population beginnin ' of sessior? variates in all and education were not | heightened reactivity, but
based sample & ) f b comparisons related to cortisol level older adults with high SES
Excl: stroke, \i?g:r;i.velil(;:?:s);ytrsiglzss test, a2, a3 (cortisol levels) (aZ, a3), but were o did.
diabetes, (cognitive tasks) and b4 (cortisol important for reactivity
neurological en response to stress test) | (b4)
disorders were evaluated
P rate: 29%
Dockray Educational level Design: C-S Days:1 High sensitive Cortisol data: cl: Participants with a | The one factor that was | The notion that nonreponders
2008 [22] Income No.: 83 Samples per day: 3 chemiluminiscenc. Continuous negative value were related to non-repsonse | were more likely to be of
Age m/w: 55/28 Times for sampling: Measurement(s): regarded as non- 1n'cl was hlgh income. | higher SES than. responders
. . - . responders and were | High educational level are consistent with other own
Sex Age: 61 (SD9) Awakening, + 15 mins, + 30 Participants were asked to | c1: area under curve

studies, defining SES as
occupational class2004 [27]
or subjective social rating
[15]
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Excl: Steroid ethnicity, age or sex.
medication
P rate: 94%
Garcia 2008 | Education level: Design: C-S Days:1 EIA. No eating, smoking | Cortisol data: Mean comparisons High educational level These two groups present a
[23] Incommne: No.: 86 Samples per day: 5 or brushing teeth 30 min | continuous between SES groups. | and high monthly income | huge difference in the SES
miw: 35/51 Times for sampling: prior to each sample Measurement(s): Correlati(_)ns with associated with lower and correspond to tbe two
X Kening. +30 miﬁ 07:00h al. at awakening, monthly income. No | levels at a2, a3 and a4 extremes of the social
Age: 2045 years ?‘;%0 h 2%’, oL 22, 430 mi adjustments presented | (all p<0.05) but not with | pyramid in Brazil
Group: Volunteers T '_+ min and in analysis al orbl.
in Brazil Setting: Ambulatory, instructed 07:00h
Excl: Any acute or to be 'assessed on a typical a3.at 12:00 h
chronic medical working day a4:at 20:00 h
condition bl. Deviation
P rate: n.a. between 30 min
after awakening and
awakening
Hong 2009 | Education level: Design: C-S Days:1 ELISA. Subjects were Cortisol data: Mean comparisons University degree We suggest that the proper
[24] No.: 26 Samples per day: 6 instructed to go to sleep | continuous between groups associated with lower a4 | sampling time for female
w026 Times for sampling: between 22.30 h and Measurement(s): (p=0.030) nut no workers is 07:00 h, 08:00 h,
. . 23.00 h the day before al:at07:00 h relation with al, a2 ora3 | 17:30 hand 22:30 h
Age: 20-39 years | 07:00 h, 08:00 h, 10:30 h, saliva collection. No 22: at08:00 h
Group: Volunteers | 12:00h,17:00h,22.30 h eating or drinking 1 h 3: 16_30 h. 12:00
in Korea Setting: Ambulatory, instructed | prior to each sample i éri; 17: 30 h’ :
Excl: Any acute or | 10 be assessed on a typical ’
chronical medical | (Working) day a4:.at22.30h
condition
P rate: not stated
Rosmond Occupational level | Design: C-S Days: 2 RIA Cortisol data: Occupational status a5: was not related to
2000 [25] No.: 284 Samples per day: 7+3 continuous, djvi'dcd into three occupational status.
miw: 284/0 Times for sampling: Meas“:’mem@ g;d}‘)‘foﬂff;s‘;‘;ﬁzlbgflid b3: Slope throughau the
. a5: arithmetic mean . ay increases wit
Age: Sl 8.00 Fo 9.00, 11.45, 30, 4(.) and of all measures Mean comparisons occupational status
Group: substudy in 60 minutes after staqdardlzed b3: variabili between groups & Dexamethason
population sample, | lunch, 5.00 PM and just before : vartability d: Dexamethasone
selected on highest | goind to bed. Two noninhibited throughout the day inhibition was less
vs lowest waist-hip | cortisol morning values and using all samples efﬁ‘?‘?m among
ratio one sample for dexamethasone d: mean of participants with low
Exl: test the next day. noninhibited values occupational status
o Setting: Ambulatory, random minus Cortisol level
Prate: 63% working day after dexamethasone
administration
Steptoe 2003 | Occupational level | Design: C-S Days: 1 Immunoassay. Cortisol data: High and medium Cortisol did not differ by | The results for cortisol output
[26] No.: 163 Samples per day: 10 Instructions for saliva continuous, omitted | grade of employment | grade of employment over the day present a
wiw: 87/76 Times for sampling: sampling not described outliers. Omitted if | was combined and when studying entire conflicting picture. A lack of
! . " being more than 10 | compared to lower population. There were a | significant difference between
Age: 45-58 years | Awakening, + 30 min, + 800- minutes from employment grade. significant interaction employment grades may be a
Group: Subgroup | 5300+ Sample every two described tim Combined and between time and sex, | direct result of an insufficient
P: SUOETOUP | hours until 22.00-22.30 cserived time omoine i : ,
of Whitehall IT ) windows. separate analyses for | suggesting different sample size. The results for
study cohort. Day | Setting: Ambulatory Measurement(s): men and women. patterns for men and women were opposite to
workers. a2 Morning (7.50- women. prediction, with elevated
Excl: history of 10.50), ?O?S%I iri hi%:er sta:us )
i . individuals. The explanation
EZ:&?;?E;’ a3 Midday (11.00- for the different patterns for
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hypertension, and 14.00) + afternoon men and women regarding
premenopausal (14.00-17.00) cortisol and SES is not clear.
women a4 Evening (17.00-
P rate: 55% 22.30)
a5: average of all
samples
bl: Difference +30
mins — awakening.
b3: Repeated
measure of variance
including all
measures.
Kunz- Occupational status | Design: Exp Days: 2 Analyzed with a time- Cortisol data: Mean comparisons al: No relations to A difference in CAR over
Ebrecht 2004 | gex No.: 128 Samples per day: 2 samples on resolved immunoassay continuous, and regressions occupational status or sex | occupational grade might
[27] - 69/59 a workday and also on a with ﬂuorescence excluding outliers bl: CAR was greater in indif:ate a distqbance in
’ weekend detection. over 75nmol/l. groups with low cortisol regulation due to
Age: 52(SP 2) Times of sampling: Participants were Measurement(s): occupational status. chronic stress.
Group: Whitchall IT immediately after waking and | instructed not to brush al: awakening Women had higher CAR | A difference in CAR over sex
Excl: current 30 min later, teeth, eat, drink, smoke b1: Sample 30 mins than men on a workday | is not an intrinsic
psychiatric illness, Setting: Ambulatory before 2nd sample after awakening but not at the weekend. chargcteristic of women since
neuroendocrine ’ minus sample at the differences were only on
disorder, cancer, awakening workdays.
cardiovascular
disease
P rate:55%
Kraft 2009 | Income Design: C-S Days:1 High sensitive Cortisol data: Multilevel models to | Lower family income These results are consistent
[28] No.:94 Samples per day:5 immunoassay Continuous evaluate group was significantly with literature on
wiw: 37/57 Times for sampling: Between Participants were Measurement(s): d1fferen0fas on cortisol assogated with lower hypocrtlsohsm fol}owmg
Ace: 20 1.00 and 5.30 PM, different for | instructed to abstain from | b4 reactivity to levels, with income, | cortiol levels across the | chronic stress, which suggests
ge: | . N abst : . . o S
4 different participants. alcohol, medication, stress tost family cot?ﬂlct, tqsk (c4). qu1ly income | a physplpglcal process by
Group: students at ) smoking, exercising parental divorce, did not predict reactivity | which initial exaggerated
US University Bascline, after stress test + 15 cating and intake of c4levels across the | depression, anxiety | (b4) cortisol stress response may
Excl: serious or mns, + 30 mins, +45 mins after caffeine and enrgy drinks stress test and time of day as result in lower overall cortisol
acure illness, task: two hours prior to the covariates. levels.
medication that Setting: Laboratory stress test | cxperimental session
influence hormonal
function
P rate: not stated
Decker 2000 | SES (composite Design: C-S Days:20 Radioimmunoassay. Cortisol data: All 490 samples were | Neither SES or age were | More cross-cultural studies
[29] education x income | Ng - 31 Samples per day: 6 to 25 continuous used and converted to | associated with mean are needed to confirm the
X material wealth) w3100 Times for sampling: Spanning Measurement(s): z-scores in reference to | cortisol level. lack of association between
Age Age: 17-49 from sunrise to about 20:00h a5: all samples from mean level§ atany cortisol and SES
e i each individual were | P articular time of day.
Group: Men living | Setting: Ambulatory, a converted to a fime- | SES Was testes in
in a selected village | researcher walked a route standardized stepwise regressions
in Dominican through the community, dual along with smoking,
Republic starting at a randomly picked residua perceived stress,
. spot visiting all participants to number of dependents,
Excl: No known collect a sample. This was fath d
health problems . present father an
P rate: 75% gerformed several times per social conduct
. 0 ay.
Wrosch SES (composite Design: C-S Days: 3 Flourenscence Cortisol data: All values 3 SD or No significant The relation between cortisol
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Age: Caucasian:
65.7 (10.5) years.
African American:
62.0 (10.2) years.
Group:
postmenopausal
caregivers,
recruited from
advertisement in
newspapers

of baseline-rest and 15 min

after a more than 6 min
stressing interview about
negative aspects of being a

caregiver between 09:00 and

10:00 h

Setting: Morning laboratory

session

b4: before and after
test

Samples used: both

groups, dichotomy
based on 50% or
higher increase in
cortisol levels after
stress test

XZ test on groups

(14%) showed cortisol
reactivity (>50% increase
during test)

2007 [30] education x income | No.: 215 Samples per day: 5 immunoassay Continuous and log- | more over mean were | associations between and reported regrets were not
x self perceived m/w: 103/112 Times for sampling: Participants were transformed excluded. SES and cortisol. confounded by SES.
SES) Age: 63-94 Awakening, +30 mins, 2 p.m., | instructed not to brush Measurement(s): Regression analyses
Age Group: Montreal 4 p.m. and before bedtime teeth or eat prior to All are means over | including age, sex, Women had steeper
Sex aging and health Setting: Ambulatory, during sampling. A timer was three days SES and reported slope (b3) and higher
study, recruited by | days of normal activity provuied to ?acﬂltate . al: awakening intense regret AU; f§c3) thap an, bc}lt
nadvertisement in compliance for secon no difference in al an
ewspapers sample ) ) bl.
Excl: bl: 30-mins minus Age were positively
) awakening associated with steeper
Prate:na. b3: regression not slope (b3) but not al, bl
including peak (+30- orc3.
mins)
C3: AUC with
respect to ground
Ranjit 2005 | Material hardship Design: C-S Days:2 Cout-a count DPC. Cortisol data: All models adjusted Low level of hardship is | The data supports that women
[31] No.: 188 Samples per day: 1 day 1.3 Participants were Continuous for age, waking time, | associated with a higher | that are economically stressed
miw: 0/188 day2 instructed to record time | Measurement(s): smoking, BMI and bl. No associations have a lower cortisol level
Age: 18-54 Times for sampling: Day 1: of sample am:l delay All estimated with ethnicity. betwee'n level of . peak. .
o Visit at clinic breakfast until after the spline regressions hardship and awakening | The sample is already defined
Group: Survey of a Day 2: Awakening. 430 mins. | Second sample was with fixed level (al) or slope over | 4 poor, limiting range of
sample of poor Y- & > | collected i i ints: the day (b3) exposure regarding material
women (receiving | bedtime inflections points: b
. . ardship.
cash benefits) Setting: Ambulatory al):Awakening
Excl: not stated. bl: Slope between
P rate: 63% second and first
s sample
b3: .Slope over day
Steptoe 2005 | Changes in financial | Design: Pros. Days:1 Immunoassay. Cortisol data: Linear regressions No associations between | This study gives support to
[32] strain No.: 114 Samples per day: 4 Instructed not to eat, Continuous with age, sex, changes in financial earlier cross-sectional studies
mw: 63/51 Times for sampling: At drink, smoke or brush Measurement(s): employment grade and | strain and cortisol, with | indicating a positive
Age‘. s awakening, + 30 mi.nutes teeth before sample, Comparison to time Qf waking as exception of subanalysis associ'ation between
) K between 10.00-10.30, between otherwise follow daily cortisol levels in covariates. on men whe(e alower magm“rude of CAR and
Group: Part of 16:00-16:30 and 20:00-2030 | routine. same study po financial strain were chronic stress.
Whitehall II study - h : i threo yea.rZSa.rIIJier associated with a lower
Excl: No history of Setting: Ambulatory, taken a ‘ : X CAR (b1)
CHD, diabetes or normal day. al: Awakening
hypertension a2:+ 30 mins
P rate: 75% bl: +30 mins minus
awakening
Wilcox 2005 | Ethnicity Design: Exp Days: 1 RIA Cortisol data: a2: no differences. b3: Caregiving burden were
[33] No.: 28 Samples per day: 2 Measurement(s): a2: More African Amep'cans similqr across race. African-
w028 Titmes of sampling;: afier 6 min Baseline values Divided into two (58%) than Caucasians | American women however,

reported higher greater
personal meaning associated
with caregiving than did
Caucasian women. This
might result in lower
perceptions of control over
the caregiving situation, and
thus result in greater cortisol
secretion during greater
cortisol secretion during the
interview.
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Excl: Not being
caregiver of family
member with
Alzheimers
Prate: n.a.
McCallum | Ethnicity Design: C-S Days: 2 Not known. Cortisol data: Regression analyses African Americans had | Findings highlight the role of
2006 [34] No.: 117 Samples per day: 5 Not known on s1ope with age, flatter slopes thatn the cul@ra}l bfsliefs an_d ‘of
m/w: 0/117 Times for sampling: Througout Measurement(s): cthnicity, caregiving European Americans ethﬂ101ty m e)fplammg
) the day ) status, and depressllve sampled cortisol function
Age: Setting: Ambulatory b3: Slope over day symptoms as predictor
Group: Pilot study :
on caregivers and
non-caregivers
Excl:
P rate:
DeSantis Ethnicity Design: C-S Days: 3 DELFIA Cortisol data: Hierarchical multiple | African Americans had | It seems likely that the found
2007 [35] No.: 257 Samples per day: 6 Participants were Natural regression analyses, lower wake up values differences at least in part are
/s 67/190 Times of sampling: awakening, | instructed to reffain from logar;thnncally 1nc!uding SES an;i hlgflerfl])ed time env1ronmentf11. A
Age: 17.1 years 40 min and before going to cating, drinking, or tooth | transformed. variables adjustment | values = a flatter curve | For both African-Americans
e Ly sleep plus 3 semi-random brushing 30 min before | Measurement(s): b3: | forage, sex, than the others. and Hispanics, it seems likely
Group: African times across the day and early | sampling. If so report ina slopes were depression, nicotine, | Hispanics had a flatter | that commonly used
ﬁ¥“°“9a“A ) evening: diary Zztlmated over3 sleep hours and time | sjope than Caucasians, | measures of episodic and
ispanic, Asian . ys but stepper than Afro- chronic stress fail to capture
. . Alarm watches were PP p
and Pacific Setting: Ambulatory administered for semi- Samples used: all Americans. certain aspects of being a part
Islain{ie(r:, multli—n random samples, preset at of minority groups.
racial, au'cas.a approx. 2.5, 8 and 12 h
Excl: 'm‘edlcatlon after awakening
containing
corticosteroids and
psychosis
P rate: 74 %
Gallagher- | Ethnicity Design: C-S Days: 3 RIA and. EIA for some Cortisol data: log Two way ANOVAs Hispanics, regardless of | The findings may be
Thompson No.: 83 Samples per day: 3 samples. Correlation transformed. and regression caregiving status, had indicative of sociocultural
2006 [36] mw: 0/83 Times of sampline: 08:00, between the two methods | Measurement(s): b3: | analysis, centered flatter daytime slopes factors (i.e., financial stress)
’ 17:00.21:00 }11) & DO was 0.97, conversion from | slope based on all values for ethnicity, than non-Hispanics and cultural values (i.e., not
Age: range 40-47 o EIA to RIA was EIA=— | samples caregiver status and telling about problems in
years Setting: Ambulatory 0.0160 +0.518 RIA their interaction family)
Group: 39
Hispanic/44 non-
Hispanic whites
Excl:n.s
P rate: n.s
Kirschbaum | Sex Design: Exp Days: 1 Time-resolved Measurement(s): a3: | ANOVA repeated No differences in Psychological phenomenon:
1992 [37] Data from 4 Samples per day: fluorescence baseline cortisol measures. Student’s t | baseline levels (a3), but | cognitive and/or emotional
separate studies; 8, | g:9:b: 9: c: 11: d: 6 immunoassay concentration test for dependent males responded to the stimuli can alter the HPA axis
b,c,d T.im,es.of, Sa'm iin. aanddin Participants were b4: reactivity during | measures task with larger hormone | with different patterns among
No- 153 Sampling: instructed to refrain from | stress test increase than women men and women. Men aqd
the morning and late afternoon, smoking, physical (b4) women use different coping
m/w: 73/80 and b and c in the late . . strategies
Age: 226 afternoon exercise, meals, alcoholic
ge: 22.0 years beverages and soft drinks
Group: Setting: Before, under and after | yith low pH -1 h prior to
Excl: Medication | S¢S €5t testing
except from
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awakening.

contraceptive drugs
P rate: n.s.
Kirschbaum | Impact of sex, Design: Exp Days: 3 Saliva. Time-resolved Measurement(s): Cortisol data: Men had higher levels of | The consistent differences
1999 [38] menstrual cycle No.: 81 Samples per day: day 1 (basal | immunoassay, b4: Reactivity in ANOVA - repeated cortisol than women between salivary free and
phase, and‘ oral s 20061 levels), 5; day 2 (the exp. day), | fluorometric detection stress test measures. Hormone (follicular phase) at 10, | total plasma cortisol leyels in
contraceptives (OC) 183 6; day 3 (circadian thythm): 24 samples obtained 20 and 30 min after response to psychosocial
on the activity of the Age: 18-3 Times of sampling: day 1 before TSST test were | TSST and higher than stress in the present study
HPA Group: smokers, wake up. 15 g 0 4gS 6(}; n;in treated as covariates. | OC users 1, 10, 20 and may explain the discrepant
subjects suffer thereaﬁ%r' d;l 2’ 0 ’1 5.30.45 Correlation by Pearson | 30 min after TSST. No | results on sex response
from allergies, 60 min: d;i ; 0’9, 60 h’ 4 2’1. O’O product-moment differences between men | differences described in the
women with  day 5: U7 02 correlations. and women in the luteal | literature
h at 30-min intervals
irregular menstrual B Bonferroni corrections | phase.
Cyclg;; or using Setting: basal levels and P
contraceptives daytime circadian rhythm at
excluded home, before and after TSST
Excl: test in laboratory
P rate:
Stroud 2002 | Sex Design: Exp Days: 1 Salivette. RIA Cortisol data: log Cortisol data: Men showed Our
(39] No.: 50 Samples per day: 6 transformed (base | ANOVA repeated significantly greater study suggests that women
W 24126 Times of sampling: 2 samples 10) measure. ANCOVA | increase in cortisol in are indeed more
X - ’ Measurement(s): with baseline as a response to mathematical | physiologically
Age: Mean age apprqx1mately .7 min apart at .. covariate. Huynh— and verbal challenges . .
19.1 years (SD= | baseline, 2 during the test and 2 B4. Reactivity, . reactive to negative
et after the stress test (15-min Feldt correction than women and women interpersonal events than men
1.13) interval) SC;FO“SCS to applied for all repeated | showed greater increase P
Group: ifferent stressors measures in response to social
Excl: on oral or Setting: laboratory. Refrain rejection challenges
in'ec.te d from food and drink 2 h before
rJescri tion stress session, and caffeine the
Fne dicaﬁions evening before stress session as
smokin ex,ercise well as exercise and alcohol 24
more thi’n 7hper h before stress session
week
P rate:
Kudielka Sex Design: C-S Days: 1 Salivette. Assayed witha | Measurement(s): Cortisol data: Age was correlated with | Correlation analysis revealed
2003 [40] Age No.: 166 adults/ 13 | Samples per day: 5 time-resolved increase AUC ANOVA repeated the cortisol levels 4% explained variance due to
children Times of sampling: waking immunoass_ay with‘ Samples used: measure, Greeqhouse— immedigtely after age
M/W: 67/99 15. 30. 45. 60 min ihereaﬁe; fluorometric detection Geisser correction awakening (r=0.2,p =
: T ) (DELFIA) ANCOVA. Cluster 0.04), the area under the
Age: 4-75 years Setting: Morning COYFISOI analysis. Student’s t cortisol curve (r=-0.20,
Group: proﬁ1§ at home. AV‘?ld test. Pearson’s p = 0.05), and with time
Excl: brushing teeth, refrain from correlation of awakening (r=
food, alcohol, caffeine, fruit ~0.21, p=0.04),
Prate: Juice, smoking respectively.
Hansen 2003 | Sex Design: C-S Days: 1 Salivette (polyester). RIA | Cortiisol data: log A variance component | A significant sex The relatively young study
[41] Age No.: 120 Samples per day: 4 transformed model with backwards | difference could only be | population may explain why
w: 37/83 Times of sampling: wake u Measurement(s): selection was used to | demonstrated in the there are no signifcant
’ plng: P, A1, awakenin: estimate effects of age, | concentrations 60 min association swith age.
Age: 30-59 vears | then 20 and 60 min thereafter + > g .
ge: y 18:00 h A2, 420 and +60 sex, BMI, alcohol, and | after awakening.
Group: ’ . smoking. Noeffects of age could be
Excl: hypertension Setting: ambulatory at workday minutes found
and (iiaigtes A3: 18000
P rate: B1: 420 mins minus
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Mean age: 20.7
years (SD =3.2)
Group: healthy
students

Excl: prescription
medication and use
or experience with
drugs

P rate: n.s.

period (task 1 and 2) was from
12:00 to 18:00 h. First sample
just before the picture
presentation started (after an
acclimatization period of 15
min) and the second was taken
immediately after. The next 3
samples were taken +10, +20,
+60 min after the start of the
cold pressor task

Setting: mixed design, task 1
(all) consisted of watching
neutral and emotional pictures
and in task 2 subjects were
randomly assigned to either a
CPT procedure versus control
condition

(reactivity) during
stress test

measure and stress
task and sex as
between subject
variables

Therrien Sex Design: Pros Days: 3 Salivette. RIA. Cortisol data: Cortisol values were Overall, there was no sex | From this observation, one
2007 [42] No.: 82 Samples per day: 2 Refrain from food and Continuous adjusted for estradiol | difference in cortisol can argue that a
m/w: 51/31 Times of sampling: awakening | drink between the two Measurement(s): bl: | levels Multivariate awakening response (bl). | great part of the sex
i i morning samples increase in cortisol | ANOVA to analyze There were however difference between the obese
Age: 23-51 vears | and 30 min after awakening g samples. . S . .
£e: ¥ o Allowed to drink water | levels between time | Slope of morning significant interactions | and reduced obese groups
Group: 37 lean and Setting: Ambulatory between the two samples | of awakening (time cortisol. Tukey— between sex and obesity | came from a different pattern
54 qb§se No lalcohol, training or caffeine |yt not during the 5 min | 0) and 30 min Kramer post hoc test of body
participants during a study day. Three before sampling. thereafter (time 30). fat distribution
Excl: depression or different occasions within a
psychiatric period of 2 months
disorders,
cardiovascular
problems, smoking
or regular alcohol
consumption,
medication
P rate: n.a.
Steptoe 2007 | Sex Design: C-S Days: 1 high-sensitivity Cortisol data: ¥ ~test. Logistic Cortisol over the day (a5) | Our study was carried out
[43] No.: 2873 Samples per day: 6 chemiluminescence assay | Continuous. regression using was greater in women with a large, well-
m/w: 2126/747 Times of sampling; Participants were asked to x;ﬁz‘;ﬁi‘;‘g* as: Z?h‘ﬁiil;l?tesiz(f: :Elee, sex, | (p<0.005). charactenz'ed
Age: 60SD 6 Awakening, 30 minutes after record their time of ! y nicity, income, sample, with careful
8¢ ) waking, 2.5 hours, 8 hours waking and the time of | using the last four | waist hip ratio exclusion of persons with
Group: Whitehall IT q12 ;1 f ; aki ] 4 | each sample collection samples smoking, employment clinical conditions
study cohort. Day | @nd 1= hours afier waking; and | 4 &40 qrink and time of waking th . dicati
workers. bedtime . or those using medications
. caffeinated beverages
Excl: history of Setting: Ambulatory before the waking and
heart disease, +30 mins sample.
treatment for
hypertension, and
premenopausal
women
P rate: 55%
van Stegeren | Sex Design: Exp Days: 1 Commercially available | Measurement(s): Cortisol data: T-test, | No main effect of sex or | For cortisol, only the
2008 [44] No.: 80 Samples per day: 5 immunoassay (IBL, a3: baseline level ANOVA, GLM with | interaction effect of sex | cold pressor task leads to a
m/w: 21/59 Times of sampling: the test Hamburg) b4: changes in levels time as repeated by stress task significant response. A

Cortisol response can be
expected only in more
challenging stress tasks than
the first task in this study.
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(mathematical and a
verbal challenge)

Age: Young men
and women: 22-36
years and older
men and women:
67-88 years
Group:

Excl: diabetes,
heart disease,
hypertension or
endocrine disorder
and medication and

mean of sample at 15:50 h and
16:00 h. Samples collected
immediately after challenge,
then 15, 30, 60, 90, 120 min

post challenge

Setting: stress task 30 min

starting at 16:00 h

average baseline, max
increase in response to
test and AUC with and
without baseline levels
included

men exhibited greater
cortisol response to
challenge compared with
younger women. Older
women exhibited greater
response to challenge
compared with older
men. Younger men
greater overall response

O’Donell Sex Design: C-S Days: 1 high-sensitivity Cortisol data: Multiple linear Cortisol over the day (c2) | Cortisol output over the day
2008 [45] No.: 2873 Samples per day: 6 chemiluminescence assay | Continuous. regression using was lower in women . may be related to the ongoing
/s 2126/747 Times of sampling: Participants were asked to | Measurement(s): b1: | covariates of age, sex, | No sex associations with | demands and experiences
’ Awakening, 30 mir.1u tes after | record their time of +30 mins minus body mass index, bl orb3. during the day.
Age: 6.0 SD 6 waking, 2.5’h0uxs, 8 hours, waking and the time of | @Wakening smolkﬂng, time of
Group: Subsample d12h fi King: and | €3ch sample collection b3: slope over day | @Wakening, income,
of Whitehall IT xdtime ours alter waking; and |- 4ot to drink awakening minus depression and self
study cohort. Day 3 caffeinated beverages bedtime rated health.
workers. Setting: Ambulatory before the waking and 2: Area under curve
Excl: history of +30 mins sample. over day using the
heart dlseafse, last four samples
treatment for
hypertension, and
premenopausal
women
P rate: 87%
Bouma 2009 | Sex Design: C-S Days: 1 Stress tests were Cortisol data: y>-testand ANOVA | No relation between Our findings is consistent
[46] No.: 644 Samples per day: 2+4 performed capturing continuous and trend test with CAR (b1) and sex. with previous reports, where
e 352292 Times of sampling: or?hos'tatic stress, spa?ial Measurement(s): repeated mesures Men had higher men §h0wing a higher
. . orienting task, gambling | p1: 30 mins minus | GLM reactivity tin the reactivity in laboratory stress
Age: 15-17 Awakening, +30 mins, task. startle reflex task and ! test
Group: Prospective baseline at stress test, starting a :o;:isal stree;: t:; 156 t:snt awakening, oboratory stess tests o
stud p(;n dutrc)h in the morning or after lunch assistants were tra'ine d b4: Reactivity than women (b4)
a dolzscen is plus three samples during together fo ensure during stress tests,
) stress test o agn dradization using the highest of
Excl: Setting: Ambulatory in the three concentrations
P rate: 81% morning plus Laboratory dunng the test minus
session baseline
Filiaire 2009 | Sex Design: C-S Days: 2 EIA Cortisol data: Mann Whitney U The only significant The difference may be due to
[47] No.:52 Samples per day: 4+5 Continuous finding was that women | differences in subjective
w2626 Titmes of sampling: 30 mins Measurement(s): had significantly higher | interpretation of upcoming
A e" mean about | after awakening, 1 6am, 12 am, 22:30 mins after comql than men in the stressful events.
5 8 pm day 1 and 2 plus one awakening morning sample (a2)
40 years . . during a teaching day.
Groun: Professors sample 30 mins after lecture a3: 10am and 12 am
Excl'p. day 2. a4: 8pm
car d{ovascular Setting: One resting day One b4: sample after
disease working day lecture minus
. sample before
P rate:n.a. lecture
Seeman Sex differences in Design: Exp Days: 1 RIA Cortisol data: ANOVA with age-by- | No significant sex NB! Only two subjects in the
2001 [48] age-related changes | No - 40 Samples per day: 7 Measurement(s): sex interaction. differences among the group of elderly female
in HPA axis e 16/24 Times of sampline: bascline AUC. Average Covariate: depression. | younger subjects at responders
reactivity ’ phng: baseline Derived measures: baseline, but younger
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with age, and to
determine the
correlation
cocfficients of
steroid concentration
between saliva and
serum

Age: 21-69 years
Part 2:

No.: 78
m/w:42/36

Age: 2040 years
Group:

Excl: diabetes,
hypo- or
hypertension,
hormone
replacement or
sleeping pills

P rate:

Times of sampling: part 1,
between 10:00 and 11:00 h;
part 2, 20-30 min after waking,
11:00 h, 16:00 h, bedtime
Setting: no food or drink
(coffee or tea) 30 min prior to
sampling

antibody method. RTIA

hormone levels and
age. Pearson’s
correlation for
correlations of
hormone levels
between saliva and
serum

16+ on CESD scale
(depression)
P rate:
Ahn 2007 Examine the Design: C-S Days: 1 1 ml saliva directly by Measurement(s): Mean, SD, Student’s t- | Salivary cortisol levels
[49] chaqges of basal Part 1: Samples per day: expectgrating into a changes in levels te§l and ANOYA. did not change with age.
cortisol and DHEA No.: 359 Part1: 1 collecting tube. Samples used: all Linear regression to However serum cortisol
levels present in - ’ Immunoassay based on a determine the levels declined
saliva and serum M/W:167/192 Part2: 4 liquid phased-double relationship between | significantly with age

Abbreviations: ACR, Awakening cortisol response ANCOVA, analysis of covariance; ANOVA, analysis of variance; BMI, body mass index; CAR, cortisol awakening response; C-C, case—
control; CESD, Centers for Epidemiological Studies Depression; CPT, cold pressure test; C-S, cross-sectional; DEXA, dexamethasone; DHEA, dehydroepiandrosterone; EIA, enzyme
immunoassay; ELISA, enzyme linked ; Excl, exclusion; Exp, Experimental; GLM, general linear model; HPA, hypothalamo-pituitary-adrenal; MDD, major depressive disorder; Pros,
Prospective; RIA, radioimmunoassay; SES, socioeconomic status; TSST, Trier Social Stress Test.
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SES, Similarities and Differences Between Different Measures

It should be acknowledged that income, education, and occupational status are different entities that are not
easily interchangeable [50]. In this context, however, all 3 may be aggregated as proxies for SES, as there is
generally a high correlation between SES measures [13], to see if the associations with salivary cortisol
follows a general pattern. The number of studies is still low even after such an aggregation.

The general pattern that emerges is hinting at an association between higher SES and a higher deviation
throughout the day, a lower AUC with respect to ground throughout the day, and a higher capacity to react
with an increase in cortisol following a laboratory stress test.

However, the differences in SES are consistent but small, in particular for diurnal deviation and AUC
throughout the day.

In one study by Cohen et al. [19], the overall difference in total concentration throughout the day is
attributed to small differences (non-significant for each time point) throughout the day that accumulate to a
significant difference in total concentration. In a larger study, Cohen et al. [20] demonstrate significantly
lower levels in the later part of the day but non-significant differences earlier, consequently with significant
diurnal variation due to lower evening levels.

It seems that other measures than income, occupational status and education has a lower frequency of
significant findings than studies using the more conventional three measures. This may have to do with the
validity of other composite or other proxies for SES.

Of the measures tested, income had the highest proportion of significant findings (50%). This might be
explained by a supposedly high correlation between actual income and social status, whereas use of ordinal
data of occupational grade and education attainment may suffer from higher variability at individual level,
thus diluting the associations with social status. Moreover, data on income may be more feasible for linear
analyses (regardless on correlation with social status) than occupational grade and educational attainment.
Indeed, most studies using income had significant associations with at least one of the cortisol
measurements used in the different studies.

There are several factors that add to the complexity when studying SES and cortisol: One factor of plausible
explanatory value is the level of physical challenges at work. For example, Steptoe et al. [26] report differences
between men and women, where women with higher grades of employment tend to have somewhat higher
levels of cortisol throughout the day compared with women with lower grades, whereas men with high grades
of employment tend to have somewhat lower cortisol levels throughout the day compared with men with lower
grades. The higher levels among women with high grade may partly be driven by psychological challenges and
high job demands, whereas the higher levels among men with lower grade may be driven more by
physiological challenges. In line with psychological challenges at work, Kunz-Ebrecht et al. [51] suggest that
there is an interaction between SES and job demands, where mean CAR is high in groups with low SES and
high job demands, and low in groups with low SES and low job demands.

Another factor may be the commonly used explanation that individuals in low SES more often are exposed
for stressful episodes. Several research groups support their findings by a theoretical assumption that
stressful episodes triggers a physiological process by which initial exaggerated cortisol stress response may
result in lower overall cortisol levels over time. However, in cross-sectional studies, stressful events and its
perceptions naturally vary in duration, intensity and temporality amongst different individuals. Thus it
might be a simplistic tool to evaluate solely hyper- or solely hypo-secretion of cortisol, or to study cortisol
levels in a linear fashion in regards to SES. In a study using an unconventional statistical approach, Li et al.
suggests that subjects with low SES are overrepresented in the extremes in both ends, eliciting both high
and low cortisol values [52]. If this pattern is correct, it would generally dilute the associations between
cortisol levels and SES in statistical analyses assuming linear or ordinal structure in data.
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Further, there is an emerging discussion on the biological mechanisms behind the detrimental effects of low
SES. In addition to the ongoing discussions on possible epigenetic effects [53], a growing literature
suggests that at least part of these associations may be explained by exposure in utero or in the first years in
life. As examples, Lupien et al. has suggested that young children are affected by the parental
socioeconomic situation [54, 55]. In concordance, Gustafsson et al. have suggested that SES in early life
seem to be more important than current SES for cortisol levels [56].

Ethnicity

When studying ethnicity and salivary cortisol, a complex web of potential covariates unfolds. In the studies
that we have reviewed, we cannot know if the results found are a product of genetic differences, behavioral
differences, or if ethnicity is a proxy for SES. However, the studies on ethnicity yielded the highest
proportion in this chapter (58%), and it may be of relevance that the studies on ethnicity in this overview
follow a clear trend: Caucasian study populations have a higher diurnal variation than African American
study populations. It is also suggested that Caucasians have higher diurnal variation than Hispanics, who, in
turn, have higher diurnal variation than African Americans. This ethnicity ladder is in congruence with a
translation to a socioeconomic ladder, where Caucasians in many societal contexts have higher status than
African Americans and Hispanics. If so, these results give further support to the findings on SES,
emphasizing that a higher status seem to be associated with a higher diurnal variation. Importantly, a recent
large population study (n=935) using cortisol samples from three days by Hajat ef al. [57] confirmed the
presence of a flatter diurnal deviation in African-Americans and Hispanics compared to Caucasians, and
also confirmed a more flat deviation in groups with low SES compared to groups with high SES. The flatter
deviations, mainly an effect of lower cortisol levels in the morning, are coherent with other large scale
populations studying ethnicity and or/SES in diverse populations using a well standardized cortisol
sampling throughout the day [12, 20, 35, 58]. Thus, it seems likely that the found differences over ethnicity
at least in part are explained by environmental factors.

Sex

Based on the studies that we have reviewed, it can be stated that there are no large differences in cortisol
levels between men and women. It may however be noted that if anything at all, the five significant
findings on single time points all hint at a somewhat higher level amongst women in comparison to men.
The absence of significant findings for single points in this investigation does not provide support to any
great extent for biological differences between men and women. It has however been reported that
menstrual cycle might have a substantial impact on cortisol levels for premenopausal women [38]. Thus,
there might be a larger variation comparing women over the menstrual cycle than it is comparing women
and men.

The most pronounced finding on sex differences hints at a higher reactivity in laboratory stress test settings for
men [37-39, 46]. When explaining differences in laboratory stress tests between men and women, focus should,
as pointed out and discussed by Stroud et al. [39] and Kirschbaum et al. [38], be focused on the anticipation and
interpretation of the stressors used. If men and women are likely to differ in their interpretation of the situation,
then differences in stress tests are psychological rather than biological phenomena. This is further supported by
Kirschbaum et al. [38] who reported that pharmacological stimulation yields similar patterns with peaks in the
same range and at the same level for both men and women.

Age

There is some evidence that cortisol levels increase somewhat with increasing age. Even though the number
of studies is low, the differences that follow an age gradient are higher in the later part of the day than in the
morning. This is further supported by Deuschle ef al. [59], who suggested that plasma cortisol does not
differ in the daytime, but that cortisol levels in the evening increase with age. Thus, they suggest that higher
age is associated with a flatter diurnal slope [59]. In concordance, Van Cauter et al. [60] have also
suggested that the diurnal slope becomes lower as age increases. Still, it should be remembered that the
results hint at a relatively small increase in cortisol levels with increasing age.
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CONCLUSIONS

The number of studies with significant findings is relatively low. However, there is a fair degree of
consistency in that high SES, regardless of how it is measured, is associated with a higher deviation
throughout the day, and a higher capacity to react with an increase in cortisol following a laboratory stress
test. Regarding ethnicity, results consistently hint at a higher deviation throughout the day amongst
Caucasians in comparison to Hispanics and Afro-Americans.

There are no apparent consistent large differences between men and women. There is a tendency that women in
general have somewhat higher levels than men. There is also a tendency that men have a higher cortisol
response than women in laboratory stress test settings, but these responses are dependent on the stressors used.

The studies on age are few but provide some support for a small increase in salivary cortisol with
increasing age.
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Abstract: This chapter systematically reviews how different measures of salivary cortisol are related to
different measures of psychosocial work stress. Divergent findings were scrutinized with respect to study
quality and the methods used. Measures of work stress included concepts reflecting those included in the
demand-control-support model or the effort-reward-imbalance model. General bibliographic databases
(PsychINFO and PubMed) were searched up to September 30, 2009. Two reviewers extracted data on study
characteristics and study quality. In total 27 articles fulfilled the inclusion criteria. Cortisol measures were
grouped into single time points at different times during the day, deviations at different time periods during
the day, reactivity and recovery after a standardized laboratory test, area under the curve from deviations and
reactivity measures. A large proportion of the analyses of the associations between cortisol and psychosocial
work stressors showed nonsignificant findings. However, of the significant findings, most results showed
that a high work stress was associated with high cortisol levels. Significant relationships were evenly
distributed across different measures of psychosocial work stress. As regards salivary sampling or statistical
analysis, no strategy seemed superior but some strategies have only been used in the past few years.
Typically, older studies were of lower quality. Low quality studies tended to have a higher proportion of
significant findings which is a reason for concern. The relatively few significant findings may be because
many psychosocial work stressors were of mild or moderate intensity and the study groups were rather small
and fairly homogeneous, thus variability was too small to reveal any effects. The results indicate a normal,
healthy response to work stress in most workers, according to CATS and the Allostatic Load Models.

Keywords: Salivary cortisol, working adults, psychosocial work stress, work load, job strain, job demands,
job control, effort, reward, social support.

INTRODUCTION

It has been a popular idea among stress researchers and those organizing work to use salivary cortisol as an
index reflecting work stress. This is partly associated with the hope that salivary cortisol would be an easily
administered objective measure of work stress. More specifically, its exponents hoped that salivary cortisol
would prove useful for employers who may want or require objective evidence in order to accept subjective
claims of a work environment being harmfully stressful. Similarly, salivary cortisol could be useful for
employees wanting to use high salivary cortisol concentrations as an argument for claiming that they are
exposed to a highly stressful environment or when arguing for the beneficial effects of interventions aimed
at reducing work stress. However, the interpretation of the results of salivary cortisol concentration
analyses in relation to work conditions is more complicated than was initially expected. Working
populations differ from patient populations or from populations of retired individuals in the sense that those
who are working are healthier and younger than patients and retired persons. Thus, cortisol regulation in
working individuals may show a healthier pattern than in other groups. The study of cortisol regulation at
work should be more closely linked to the assessment of stressors than cortisol regulation in patient groups.

*Address correspondence to Bjorn Karlson: Professor at the Department of Psychology, Lund University, Box 117, 221 00 Lund,
Sweden; Tel: +46 46 222 9117; Fax: +46 46 222 4209; E-mail: bjorn.karlson@med.lu.se

Margareta Kristenson, Peter Garvin and Ulf Lundberg (Eds)
© 2012 The Author(s). Published by Bentham Science Publishers



44 The Role of Saliva Cortisol Measurement in Health and Disease Karlson et al.

However, this is only partly true; working individuals can also be exhausted and depressed although they
still manage to carry out their work tasks.

In this context, increased cortisol excretion when mobilizing resources to endure a situation and successfully
cope with it plays an important role in the organism’s response to increased demands. The expected effects of a
high cortisol level include a decrease in the negative psychological reactions to the stressor, such as feeling
uneasy in an adverse psychosocial work environment. When this mechanism functions adequately, a working
individual feels less uneasy in a poor psychosocial work environment than would be the case if cortisol levels
stayed low. At the group level, this effect decreases the association between feelings of uneasiness and high
cortisol excretion as reflected in blood and salivary cortisol concentrations.

With regard to psychosocial work stressors, most of these daily stressors are of mild or moderate intensity.
Irritations caused by lazy colleagues, a constant lack of time to do satisfactory work or poor leadership are
milder stressors than natural disasters, emergency situations, giving birth to children, and exposure to
unexpected violence. Even in occupations where violence or natural disasters may be expected to be part of
the work (police officers, prison staff, and fire fighters), strongly stressful situations are relatively rare and
may not be captured in a few measurements of salivary cortisol during a single work day. In addition,
successful coping with work stressors during ordinary work days is according to the CATS model inducing
positive expectancies and a successive attenuation of the stress response and rapid return to baseline.

In the systematic analysis of research findings on salivary cortisol in relation to psychosocial work
conditions, the bodily responses in terms of cortisol excretion to milder stressors must be considered. Most
of the published research within the field has investigated psychosocial work conditions through the widely
accepted theoretic models of work stressors such as the Demand-Control-Support (DCS) model [1, 2], or
the model of Effort-Reward-Imbalance (ERI) [3]. This means that the stressors investigated have indeed
been mild in character. However, long-lasting levels of mild or moderate stress may also be harmful.

AIM

This chapter examines how different measures of salivary cortisol are related to different measures of
psychosocial work stress by systematically reviewing the literature. In addition, divergent findings have
been scrutinized with respect to study quality and methods used.

METHODS
Search Strategies
Procedure

Literature searches were performed in two general bibliographic databases: PsychInfo (until September
2009) and PubMed (until September 2009). Articles were identified by combining different sets of search
terms in separate searches (“cortisol” AND “job demands” OR “work demands” OR “job strain” OR “work
strain” OR “job control” OR “work control” OR “social support” OR “job stress” OR “work stress”),
(“cortisol” AND “work” OR “job” AND “ERI” OR “effort” OR “reward” OR “effort reward”). The
searches were limited to published articles written in English and including adult study participants (age
19+ years). Reference lists from relevant review articles were also scrutinized. The search was completed
with articles known by the authors of this chapter but not identified through the search terms. This resulted
in 957 hits, including duplicates (e.g., articles found in both databases and across different searches).
Further evaluation of articles was performed according to specific inclusion criteria.

Inclusion Criteria

For an article to be included, cortisol had to be analyzed from salivary samples. This means that studies
including parallel examination of, for instance, salivary and urinary cortisol were included. The exposure
variable had to include psychosocial work stress, mainly including concepts relating to the DCS model or
the ERI model. However, use of the original measures of these models was not required because this would
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have restricted the number of articles unnecessarily. The researched measures had to be conceptually
similar to the psychosocial work stressors included in the DCS model or the ERI model. The exposure
variable had to be either self-reported by study participants or objectively defined. In the latter case it had to
be defined as some kind of continuous measure of workload that could vary over time. This means that
psychosocial work stress defined in terms of occupation, job title, or work day in contrast to a day off was
considered insufficient. The study participants had to be in gainful employment (e.g., excluding students
and charity workers), and the exposure studied had to involve work life (e.g., excluding laboratory studies).

The first selection of articles based on publication titles and abstracts resulted in 103 articles. All of these
articles were retrieved and read by at least two of the authors of this chapter. Assessment of study inclusion
criteria was made independently by each author. Disputes were settled by consensus. This evaluation
resulted in a final selection of 27 articles to be included in the systematic review (Fig. 1).

Potentially relevant
articles identified and
abstracts screened for
retrieval (including
duplicates)
_ Articles excluded based
N =957 ontitle and abstract
(including duplicates)
g
A 4 n=858
Articles retrieved for
more detailed
evaluation
n=103
Articles excluded
g - cortisolin
v blood/plasma
- urinary cortisol
Articles retrieved for - no cortisol
evaluation - reviews
by 2 reviewers - experiment
-non-working
study
n=60 participants
>
n=76
4
Articles included in
systematic review
n=27

Figure 1: Brief description of the retrieval of publications included in the review.

Evaluation Process

In addition to summarizing the articles in line with the matrix shown in Table 1, the authors of this chapter
also rated the quality of the articles.
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Table 1: Descriptives of the included articles on salivary cortisol parameters and exposure sorted by year of publication

Karlson et al.

References |Exposure Study design/group Sampling Laboratory method ~ |Statistical approach for[Statistical analysis, cortisol ~ [Results Discussion
characteristics cortisol measure measure in relation to
exposure
Fox Subjective Design: C-S Days: 2 RIA Measurement(s): Hierarchical regression Interaction effect. Low control [Support for the DC model.
1993 [5]  [DC model No.: 136 Samples per day: 3 a3. Average of work |analysis combined with subjective high [Personal control important to
Objective M/W: 0/136 Times for sampling: and home cortisol work load associated with high(reduce health risk
Objective Age (Sfears)' Day 1:+0,+2/3 h aﬁer respectively gonisol. Objectively assegsed
behavioral + - . b: working, +2/3 h after return Cortisol data: ob demands associated with
subjective Nytssee(s) Job: from work Continuous data high cortisol
f work . i
Ezgs%r:rsc Ziv‘gl:j)r Analyzed subgroups: Dayk2. befo]l;e leaving fgr
con&ol High/low C (vs home + |WOrks +2/3 h after working, 2/3
work cortisol); high/low after r‘eAtum from work
D (work cortisol); Condition:
high/low patient contact |2 consecutive days at work and
time (home cortisol) at home
Zeier Objective Design: R-M Days: 2 RIA Measurement(s): Repeated measures ANOVA [Higher b2 after higher Increase in job demands is
1996 [6]  |Objective work  [No.: 126 Samples per day: 2 b2. Deviation between [and ANCOVA objective work load session.  |associated with increased
load M/W: 126/0 Times for sampling: samples before and  |Pearson’s correlations Positive cgrre}ation between |cortisol excretion
Subjective Age (years): Before and after a working after work sessions b2 anfi ObJCFtIVC as well as
Perceived work (o piob: session (08:00-12:00 h) perceived high work load
load Air traffic c;)ntrollers Condition: Cortisol data:
Analyzed subgroups: 2 lqo-min working sessions: Continuous data
Pre-/post working Feb: low traffic, lovy demands
sessions May: high traffic, high
High vs low job demands demands
working sessions
Fujigaki  |Subjective Design: L Days: 19 (n=6), 17 (n=2) RIA Measurement(s): ANOVA between cortisol  |Cortisol increased after Cortisol captures chronic work
1997 [7]  [Effects of high  |No. 10 M/W: 10/0 Samples per day: 1 a3. At 12:00 h increase points and type of  [continuation of busy state, stress reaction
stress (self- Age (years): Times for sampling: b2. Increases from the [job events ﬁnigh of big projgct, and
reported stressful Type of job: 12:00 h preceding cortisol Time series analysis getting used to a job.
events) on n fonnatiox{ System Condition: value. > 1 SD higher Supported by certain events
hological . . individual’ di rtisol i
l; :())/ﬁleon;glca engineers Every 2 weeks for 5 months than the mihvldual s preceding corusol increase
Analyzed subgroups: and every week the following ave@ge value
BUSY (#=3) vs non- 2 months Cortisol data:
BUSY (n=7) Number of cortisol
increase points
Steptoe Subjective Design: L Days: 4 Time resolved Measurement(s): Repeated measures ANOVA |No relation to job support. Unexpected direction of results.
1998 [8]  [DC model No.: 71 (61 for analyses) |Samples per day: 1 immunoassay a3. Single measures  |Correlations High strain related to low a3.  [May be due to the participants
Social support M/W: 27/44 Times for sampling: fluorescence detection Also negative correlation being well adapted to their job,
Age (years): Not described Cortisol data: between job strain and a3 :zlifﬁglij wide variations in
Type of job: Condition: Continuous data
Employees of a large Work days at 4 sessions: Nov,
department store Dec, Jan, Mar
Analyzed subgroups:
High vs low job strain
Fischer Objective Design: R-M, L Days: 3 Fluorescence detection|Measurement(s): 'Wilcoxon Mean cortisol was reduced at
2000 [9] Croyvded No. T1=64; T2=60 Samples per day: 5 scheduled b2. Mean of several  |ANOVA the lat'e Shiﬁ 1 year aftgr )
cnvironment M/W: T1=60/4; T2=58/2[*+ X unscheduled measurements Multiple regression analysis organization ghange aiming to
Time pressure Age (years): not included Times for sampling: throughout the day with adjustment for reduce objective work load
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low (32 M, 50 W) job

analyzed, missing for

Conflicting tasks  [Type of job: Start of work and every 2 h confounders
Nurses in a pediatric (scheduled samples) Cortisol data:
igtgnsive} care unit 15-20 min after a potentially Log transformed
divided into 2 teams: stressful event (unscheduled
- Team A (high staff samples)
turnover) Condition:
- Team B (low staff 3 shifts: early shift (control),
turnover) late shift (experimental
Analyzed subgroups:  |condition), night shift
Period 1 (1997) stressful
late shift vs Period 2
(1998) non-stressful late
shift due to an
organizational change
Fischer Subjective Design: C-S, L Days: 3 x 2 times with 1-year |Fluorescence detection|Measurement(s): Kruskall-Wallis Higher mean cortisol and more
2000 [10]  [Perceived stress  [No. 138 time lag a5. Mean of several  |One-way ANOVA frequent ERs in shifts with
and workload M/W: 20/118 Samples per day: 5 scheduled measurements Logistic and linear regression higher objective work load
Objective Age (years): for nurses and 6 for physicians throughout the day  |analysis Lower mean cortisol and
. : N Deviati . o
V\;orklgad as ratio Type of job: ‘unscheduled A b2 Dewaltlor.l bet\xl/f:en fewer ERs in thosef\x}fllth 8
© avall'able nurses || e and 27 Times for sampling: two samples; baseline years experience of the job
to required nurses hysicians in a neonatal Start of work and every 2 h Vs response after ]
and pediatric critical care scheduled + 15-20 min after event, i.., endocrine
unitAnalyzed subgroups: potentially stressful event response
5 groups based on their Condition: Cortisol data:
Wwork experience: 3 shifts: early shift (control), Log transformed
0-2 years (n=65); late shift (experimental
3 years (n=15); condition), night shift
3-5 years (n=22); 12-day periods in Feb 1997
5-8 years (n=13); and Jan 1998
>8 years (n=24)
High vs low stressed
'workers
Nurses vs physicians
Hanson Subjective Design: C-S, R-M Days: 2 Two different analyses [Measurement(s): Multi-level analysis; two-  |No effect on cortisol of ERI, |Momentary negative affect,
2000 [11] [ERI model No.: 77 Samples per day: 6 for health [combined: a3. Single level linear model (random  [need for control, MD-SR, but |rather than ongoing (minor)
Need for C M/W: 43/344 professionals, 10 for clerks 1. Time-resolved measurements coefficient model) higher cortisol at moments of |work-related stress, is related to
Momentary : o immunoassay throughout the da more negative mood cortisol. 20-min time lag
Age (years): Times for sampling: e g y . ;
Der'nand'— - [Type ofob: For health professionals from 2. Rad101mmunoassay Cortisol data: bgtween rating and cortisol
Satisfaction Ratio 36 health : fessional 08:00 to 22:30 h, every 140 using pglyclongl 5th root transformed might be needed
(MD-SR), calth prolessionals in: for clerks: from 08:00 to _|2nticortisol antibody | ...
momentary (nurses); 41 office clerks Iznzméo (}): cler S‘9 (;Om Woto a
negative mood =V, every Zmin
Condition:
Work day vs day off
Steptoe Subjective Design: C-S Days: 1 Time-resolved Measurement(s): Repeated measures ANOVA |High job strain had higher a2  (Job strain reflects anticipatory
2000 [12] [DC model No.: 105 Samples per day: 8 immunoassay ~ |a2, a3, 24. Single at 08:00 h psychobiological responses. No
Demand M/W: 41/64 Times for sampling: fluorescence detection |measurements (8/day) High job strain and low C §xpecte§ flatter profile in high
Coptro! o Age (vears): 08:00,10:00,12:00,14:00, b3. Deviation from related to greater decline in b3 [job strain
Skill utilization | " 2 16:00,18:00,20.00 h (22:00 h) morning to evening
Job strain Sz,}ll’ool tJe achers (30-min time windows) Cortisol data:
Condition: Continuous data
Analyzed subgroups:
M vs W 1 work day Samples used:
High (28 M, 52W) vs The last sample not
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strain scores some subjects due to
sleep
Evans Subjective Design: C-S Days: 5 Fluorescence detection|Measurement(s): Repeated measures ANOVA [High cortisol day and evening
2001 [13]  [DC model No.: 93 Samples per day: 2 b2. Means of day time, on leisyre da){s in the group
Job support M/W:40/53 Times for sampling: and evening samples with high social support
Perceived stress Age (years): 12:30-14:00 h, respectively for work
Type of job: 19:00-21:30 h days and weekend
Nurses ( n:él) INo precise time of the day for days separately
accountants (7=32) sampl‘nAlgs gorttlisol data:
Analyzed subgroups: Condllil'on: 5 i ontmuous
High (1=54) vs low 3 working days, 2 days o
(n=39) social support
Yang Subjective Design: C-S Days: 1 Salimetrics HS-Cort ~ [Measurement(s): 'Two independent samples t- |ED had lower a2 and lower  |The flat profile related to high
2001 [14]  [Perceived work-  [No.: 73 Samples per day: 2 kit (Salimetrics LLC) |a2, Single test absolute and relative b2 than  [strain indicates a long-term
related stress M/W: 0/73 Times for sampling: measgrement inthe [Paired t-test GW. Also high scores on 3 |over-activation of the HPA axis
(PSS) Age (years): Start of morning shift (06:50- morning GLM f szsubjc;lzle;neg?;wte rel:ged
Type of job: 07:20 h) and end of morning a3. Single ) Partial correlations 0 az and bz. No etlect on
Nurses: 23 emergency shift (13:00-14:00 h) [measurement in the
department (ED), 50 |Condition: N
neral ward ( G\;J) Work day b2. Deviation between
senera morning and evening
g]r;alyzce}(‘i;ubgroups: samples
Ve Cortisol data:
Log transformed data
Fujiwara  |Subjective Design: C-S Days: 3 RIA Measurement(s): Repeated measures analysis |Cortisol concentration on day [Job strain may cause a
2004 [15] [DC model JCQ) [No.: 16 Samples per day:3 a2, a3, a4. Single shift marginally higher in disturbance in the circadian
High vs low strain |\ 1w 0/16 Times for sampling; measurements hig}}—strain compared to low-  |rhythm of cortisol
Age (years): Day off: 09:00, 13:00, 19:00 h a5. Mean of several strain group
Type of job: Day shift: 07:00 or 08:00 h or measurements
Health care providers 09:00 h (start shlﬂ), 13:00, throughout the day
Analyzed subgroups: 17:30 h (end shift
High (1=8) vs low (1=8) nght shift: 17:00 h (start Cortisol data:
oshor shift), 05:00, 09:00 or 09:30 h .
ljob strain group (end ohi ) ’ Continuous
Condition:
1 day off, 1 day shift, 1 night
shift
Kunz- Subjective Design: C-S Days: 1 Biotin-strepta Measurement(s): ANCOVA High bl in low SESmen+  (Women of low SES more
Ebrecht DC model No.: 181 Samples per day: 10 fluorescence- al. Morning 'women with high D responsive to high demands than
2004 [16] |Demand M/W: 97/84 Times for sampling: immunoassay measurement High a3 in women with high ~ [men; i_n men, low contfol has
Control Age (years): +0,4+30 min, 08:00,10:00, a3. Mean of the D more influence on cortisol
Type of job: 12:00, 14:00, 16:00, 18:00, remaining samples of High a3 in men with low C  |Exposure anq response to work
Administrative and 20:00, 22:00 h (30-min time the day stress determines SES
fossionals: seni d windows) b1. Deviation from differences in psychobiological
[Professionals; Senior an TS, wakeup to +30 min responses
higher executive officer; |Condition:
clerical, office supporter |1 work day
Analyzed subgroups: Corti§ol data:
High (70 M, 56 W) vs Continuous data
low 27 M, 28 W) SES;
high vs low D and C
Schlotz Subjective Design: C-S, R-M Days: 6 Time-resolved Measurement(s): Repeated measures ANOVA [High work overload related to
2004 [17]  [Perceived chronic |n: 219 Samples per day: 4 immunoassay b1. Mean increase t-test high bl
stress (TICS work
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Many health complaints
(n=12)

(n=2) did not make any
difference and were therefore
included

than during free days. No
difference between shift day

and other days in “few

overload and M/W: 102/219 Times for sampling: fluorescence detection [(CAR) based on 4 Similar for worry
worries) Age (years): +0,+30,+45,+60 min work days
Type of job: Condition:
No precise info on the |0 consecutive days (4 work Cortisol data:
type of job; 140 days +2 days off) Continuous data
employed, 6
unemployed, 72 retired,
1 missing
Analyzed subgroups:
M vs W
Work days vs days off
Low (n=64) vs average
(7=83) vs high (n=72)
'work load scores
Low (n=73) vs average
(7=78) vs high (=68)
'worries scores
Steptoe Subjective Design: C-S Days: 1 Biotin-streptavidin ~ [Measurement(s): Repeated measures ANOVA [No associations with ERIL. CAR is sensitive to chronic
2004 [18] |ERIand OC No.: 197 Samples per day: 10 ﬂuorescence b1. Deviation from Multiple logistic regression Men with high OChada psychosocial stress
M/W: 105/92 Times for sampling: immunoassay awakening to +30 min |analysis hlgh_er bl. Higher b2 average
Age (years): +0,4+30 min,08:00, 10:00, sample (CAR) cqrnsql over the day in men
Type of job: 12:00, 14:00, 16:00, 18:00, b2. Slope over the day with high OC. No OC effects
: : : S in women
| Administrative and ZQ.OO, 22:00 h (30-min time '
professionals; senior and windows) Cortisol data:
higher executive officer; |Condition: Continuous data
clerical, office support |1 work day Percentage showing a
Analyzed subgroups: CAR (2249 nmol/l)
M vs W
High (41 M, 53 W) vs Samples used:
low (64 M, 39 W) OC CAR and rest of the
day separately
Dahlgren  |Objective Design: R-M Days: 2 RIA Measurement(s): Repeated measures ANOVA |Higher a2 in high stress
2005 [19]  [Predicted high No.: 34 Samples per day: 5 a2, a4, aS. Single Pair-wise t-test for post hoc cqndition, and tepdepcy for
stress week M/W: 11/23 Times for sampling; measurements analysis higher a4, resulting in a flatter
Subjegtive ) Age (years): +15 min, 10:10, 13:00, 16:00 b3. De\{iation morning profile over the day
i’;;z:wed high Type of job: h, beqtime to evening
Office workers: Condition: Cortisol data:
17 administration, High stress work week vs low ortisol data:
16 union representatives, [stress week Continuons data
1 supervisor 'Workday and day off
Samples used:
All samples
Aasa Subjective Design: C-S Days: 3 Spectria cortisol RIA  [Measurement(s): Spearman correlations of Morning cortisol was The only positive finding was in
2006 [20] D JCQby No.: 26 Samples per day: 5 al, a2, a3, a4. Single |cortisol vs exposure measures|positively correlated to worry  |the subgroup with many health
Karasek and M/W: 24/2 Times for sampling: measurements Repeated measures about work but not to job complaints ir} which saliva
Theorell, 1990) Age (years): 19:00, 21:00,07:00, 11:00 and ANCOVA for comparing ~ [demands corpsol was 1'ncreased at 07:90 h
Worry about work o 15:00 h Cortisol data: shift to work free days same (The RM ANCOVA and during the shift compared with
conditions (Brulin Type of job: .. . . hours. Also with group paired t-test showed same hour on a work free day.
Ambulance personnel Condition: Continuous ) o . . Small | d non-dr: .
et al. 1998) A 24-h work shift (17:00-17:00 (few/many complaints) x significantly higher saliva mall samples and non-dramatic
Analyzed subgrougs: h) and the next 2 wo rk free ’ time of day with age as cortisol at 07:00 h in “many ~ [study days
Few health complaints davs Samples used: covariate. The few women  |complaints™ group during shift
(n=14) vs 24 All
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Paired t-test for post hoc complaints” group
analyses
Alderling  [Subjective Design: C-S Days: 3 RIA Measurement(s): Mixed models Low strain women had lower
2006 [21] [DC model JCQ) |No.: 529 Samples per day: 4 al. Single al +30 min than women in
M/W: 181/348 Times for sampling: [measurement on other quadrants
Age (years): +0, +30 min, lunch time, awakenlng
Type of job before sleep a2. Single )
Actively working Condition: measurement +30 min
population, but type of  [Work days a3. Single
work not included measurement at lunch
Analyzed subgroups: :ZleSin le
M vs W separately - SIng
4 DC-categories: low measurement at bed
strain: -D fC (64 W, 50 ET?)eviation from
M) vs passive; -D -C (69 . .
W, 28 M) vs active; +D awakening to+30 min
C (110 W, 66 M) vs o2 +30min o lunch
high strain: +D -C (105 ;
b3. Lunch time to bed
W, 37 M) ime
Cortisol data:
Log transformed
Eller Subjective Design: C-S Days: 1 RIA Measurement(s): GLM univariatt ANOVA  |Men with high ERI or OC had
2006 [22]  [DC model No.: 83 Samples per day: 6 al. Single GLM repeated measures higher cortisol over the day a5
Job support M/W: 55/28 Times for sampling: measurement on ANOVA Men with high support had a
ERIand OC Age (years): +0, +20, +30, +60 min, +8 h, awakening low bl
Type of job: 18:00 h a5. Measurements 'Women with a high ERI and
W- 66% non-manual |Condition: throughout the day men with a high OC had a
jobs (sccretary, Working day bl. De\/}atlon from . high bl
laboratory workers awakening to +30 min
nurses, or midwives) )
M: 50% academics C0n1§ol data:
(physicians) or high non- Continuous data
manual job (policemen,
engineers, teachers,
computer workers); 42%
skilled workers
(carpenter, electrician)
Analyzed subgroups:
M and W separately
High/low DC, social
support, ERI and OC
scores and high/low
social status of jobs
Harris Subjective Design: C-S Days: 2 RIA Measurement(s): [Pearson product-moment Low decision authority score [The results may indicate
2007 [23] |[ERI model (effort, [No.: 44 Samples per day: 5 al. Single correlations associated with high a4 insqfﬁ(_:ient recovery and
reward, ERI) M/W: 0/44 Times for sampling: measurement on Multiple linear regression rgstlmtlon due to lack of control.
DC model Age (years): 40, +30, +45 min, 15:00 h, awakening analyses Limited by small sample
(demand, control, o of iobs 22:00 h a4. Single
skill discretion, Ype o1 job: .. measurement in the
decision authority, [Nurses gondmon; K d evening (22:00 h)
social support,  [Analyzed subgroups: [~ Conseeutive work €ays 3. Deviation +45 min
D/C) High/low score in from wakeup to
decision authority evening (22:00 h)
cl. AUC for wakeup
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to +30 min
(trapezoidal model)
Cortisol data:
Log transformed (log
10) data
Bellingrath [Subjective Design: C-S, R-M? Days: 2 DELFIA Measurement(s): Repeated measures ANOVA |No effects of exposure on
2008 [24] [ERI'and OC No.: 135 Samples per day: 7 a5. Measurements basal'conisol on any day type,
M/W: 40/95 Times for sampling: throughout the day but higher dexamethasone
Age (years): +0, +30, +45, +60 min, 11:00, supprzssmn in those with low
Type of job: 15:00,20:00 h Cortisol data: rowar
School teachers Condition: Log transformed
Analyzed subgroups: 2 consecutive work days, 1 day
'Work days vs day off off, 1 day after dexamethasone Samples used:
(n=101) All single
High vs low R after measurements
dexamethasone
Maina Subjective Design: C-S Days: 3 Solid phase RIA Measurement(s): Non-parametric analyses: High D related to high a2 and |CAR is the most sensitive
2008 [25] [DC model No.: 68 Samples per day: 7 al,a2,a3,a4. Single |Friedman a3 and to c1 in women. Low C [measure of physiologic response
Demand M/W: 12/56 Times for sampling: measurements 'Wilcoxon related to higha2 and cl in  |to psychosocial variables. Need
Control‘ Age (Sfears): 40, +30, +60 min, +’3 h,+6h, bl. Deviation from |SPearman rank correlation  |men. No relations between  |for developme;nt of measures of
Job strain 9h+12h Keun t £ |GLM work stress measures and mental stress involving
Type of job: i wakeup fo eat 0 cortisol post morning psychological components
Call centre operators  |Condition: 30 alnd 60 min Limitations: fc ingl
|2 work days, 1 day off samples imitations: few men, single
Analyzed subgroups: work days, 1 day o 1. AUC of first 3 occupation
M and W separately .
morning samples
c2. AUC work from
samples 4-7
c3. AUC diurnal from
samples 1-7
Cortisol data:
Log transformed
Rydstedt  [Subjective Design: C-S, R-M Days: 7 Not clearly indicated |Measurement(s): Correlations High D related to high
2008 [26]  (DCS model No.: 77 Samples per day: 2 (“sent samples to al, a4. Single MANCOVA morning al in women
Ben:ranld M/W: 53/24 Times for sampling: Dresden”) measurements
Son o Age (vears): +0,22:00 h
upport . .. .
Iso-strain Type of job: Condition: Cortisol data:
Participants working in |7 consecutive days Continuous data
health care, government,
technology, or consultant Samples used:
Analyzed subgroups:
M and W separately
Chandola  |Subjective Design: C-S, L Days: 1 Not clearly indicated [Measurement(s): Logistic and linear regression [Work stress (Iso-strain)
2008 [27] [DCS model JCQ |No.: 3490 Samples per day: 1 (“Kirschbaum’s lab”) [p]. Deviation from associat_ed with higher cortisol
by Karasek & M/W: not included Times for sampling: awakening to +30 min awakening response
Theorell, 1990) Age (years): +0, +30 min Cortisol data:
Type of job: Condition: Difference between
Civil servan.ts INo info the 2 samples on raw
Analyzed subgroups: data . )
0, 1 or 2 reports of work Samples used:
stress All
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'Wright Subjective Design: C-S Days: No info Enzyme-linked Measurement(s): Pearson bivariate correlation |The exposure measures used —|Cortisol data not related to the
2008 [28] [DCS model JCQ [No.: 98 Samples per day: 2 immunoabsorbent al. Awakening Linear regression in isolation or in combinations [demand-control model. Indices
by Karasek, 1985).1 1w 43/55 Times for sampling; assay 96, DRG-kit,  |b]. Difference SEM (DC vs DCS) did not predict [of multiple physiologic
Job strain = A ] 3723.[+0, +30 min Marburg between the morning cortisol. Cortisol and SIgA measures may reveal stronger
(ratio>1) Sl%eg(ggars)' mean 57.23, c ’ dition: measurements used as a combined relationships with job stress
D+C o Non. 1f10n. physiologic outcome predicted [measures
D+C+S Type of job: o mnio ) DCS
Direct-care disability Cortisol data:
'workers Log transformed
Analyzed subgroups: Samples used:
(Not clear All
Berset Subjective Design: C-S Days: 3 (Not indicated Measurement(s): Multiple regression analysis |Low control related to high a3 |Lack of control during work
2009 [29] [JDC model with  |No.: 69 Samples per day: 1 a3. At 12:00 h during on rest day day§ leads to lower recovery
Instrument for M/W: 39/30 Times for sampling; 2 work days and a rest High demands and high strain |{during a rest day (Sunday)
Stress Oriented . da not related to high cortisol Limitations: only 1 cortisol
Age (years) 12.00h y 2! y
Task analysis ) " No effect of sample, no control over
Type of job: Condition: o effect of sex » 110 C )
(lsgzrél)mer etal, Employees from 3 2 work days and 1 day off Cortisol data: awakening time during work
departments of a large (Sunday) (average value for and rest days
Swiss service provider. work days analyzed)
Blue- and white-collar
workers not in a
supervisory position
Analyzed subgroups:
Not clear
Maina Subjective Design: C-S Days: 3 or 4 (unclear RIA Measurement(s): t-test High strain related to high c1  [High strain participants have
2009 [30] DC. model (JCQ No.: 36 concering weekend) b1l. MinINC (deviation|Spearman rank test Higher cortisol during week high cortisol. Sex i? an
Italian version) |\ rw: 16/20 Samples per day: 7 from st to mean of | Generalized estimating days than during week-end  [important factor, with higher
Age (years): Times for sampling: 2nd and 3rd samples) equation CAR higher in women than cortisol among women
Tvoe of iob: +0, +30, +60 min, at work shift cl. AUC lst, 2nd, 3rd men Limitations: no strict control
Czﬁ hanfﬂer-s start, +3 h, +6 h, +9 h cortisol samples over compliance
Employces Condition: c2. AUC 4th, 5th, 6th,
. 7th samples
Apa]yze d sub groups: 2 work days and weekend 3. AUg diumal cycle
4 job strain categories: 1st, 4th, 5th, 6th, 7th
high strain (3 W, 6M); samples
active work (9 W, 7 M);
passive work (4 W, 3 Cortisol data:
M); low strain (4 W, 0 Square root
M) transformation
Metzenthin [Subjective Design: R-M, L Days: 3x9=27 Luminometric Measurement(s): Correlations [Unadjusted correlationto 2 |In line with previous findings.
2009 [31]  [Self-reported stress|No.: 82 Samples per day: 5 every shift |immunoabsorbent 2. AUC Multivariate regression objective workload indicators, [Lacking association with
level at each M/W: 0/82 in each session assay analysis but not 'Fo subjective load. In retrospect: Ratings may be due
sample; ) Age (years): Times for sampling: Cortisol data: Multilevel analysis fully :{dJU§ted model, relation to' re'cau bias o
retrospective 7 Start of shift, +2 h, +4 h,+6 Loe transformed to subjective load concurrently ([ imitations: objective load
ratings of stress in gé’g]i;fg‘;:n calcare 8D 2 but not retrospectively rated  [assessed at unit level
the shift S
Objective OUrses %)lfdlgon: o Samples used:
Hospital’s LEP  |Analyzed subgroups: ee 9-days sessions: Sep and From +2 h
(Nursing workload |3 time points; Sep 2004, Dec'2004, and Mar 2005
land management  [Dec 2004, Mar 2005 (3 shifts: 07:00-16:00, 14:00-
system 23:00, 22:30-07:30 h
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Table 2: Brief summary of main findings of associations between salivary cortisol parameters and exposure/outcome/biological
marker in studies sorted by type of exposure and year of publication (arrows up/down or 0 indicate results)

References | Year | Exposure Design | No. M/W Single time points (or Deviation AUC
(cortisol) sum/mean of 2 or more time | (difference/slope
points) between 2 or
more time points)
al a2 [a3 [ad [as o1 [62 b3 a1 |2 E
IMBALANCE INDICES
High job strain
Fox [5] 1993 | Subjective C-S 136 0/136 0
high job
strain
Steptoe [8] | 1998 C-S 61 27/44 |
Steptoe 2000 C-S 105 41/64 i 0 0 i
[12]
Hanson 2000 | MD-SR C-S, 77 43/59 0
[11] R-M
Fujiwara | 2004 C-S 16 16/0 0 0 0 0
[15]
Alderling | 2006 C-S 529 181/341 |0/t |0/ |0 0 0 0 0
[21]
Harris [23] | 2007 C-S 44 0/44 0 0 0 0
Maina [25] | 2008 C-S 68 12/56 0/0 |0/0 |0/0 [0/0 0/0 0/0 {0/0 |0/0 [0/0 |0/0 |0/0
Berset [29] | 2009 C-S 69 39/30 0
Maina [30] | 2009 C-S 36 16/20 0 0/t | 0/1 0 0
High iso-strain
Chandola | 2008 C-S,L |3490 )
[27]
High effort-reward imbalance
Hanson 2000 C-S, 77 43/59 0
[11] R-M
Steptoe 2004 C-S 165 86/79 0 0
[18]
Eller [22] | 2006 C-S 83 55/28 0 170 |1
Harris [23] | 2007 C-S 44 0/44 0 0 0 0
Bellingrath | 2008 C-S, 135 40/95 0
[24] R-M
DEMAND DIMENSIONS
High demands
Steptoe 2000 C-S 105 41/64 0
[12]
Kunz- 2004 C-S 181 97/84 |0 0/t 0
Ebrecht
[16]
Aasa [20] |2006 C-S 26 24/2 0 0 0 0
Eller [22] | 2006 C-S 83 55/28 0 0 0
Harris [23] | 2007 C-S 44 0/44 0 0 0 0
Maina [25] | 2008 C-S 68 12/56 0/0 |0/1 |0/0 [0/0 0/t 0/t | 0/1 0/0 0/0
Rydstedt | 2008 C-S, 77 53/24 | 0/1 0/0
[26] R-M
Wright 2008 C-S 98 43/55 0 0
[28]
Maina [30] | 2009 C-S 36 16/20 0 0/0 | 0/0 0 0
Berset [29] | 2009 C-S 69 39/30 l
High effort
Eller [22] | 2006 C-S 83 55/28 0 10 | 1/0

(=}
(=}
(=}
=1

Harris [23] | 2007 C-S 44 0/44
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Bellingrath | 2008 C-S, 135 40/95 0
[24] R-M
Subjective high workload
Fox [5] 1993 C-S 136 0/136 0
Fischer 2000 C-S,L |138 20/118 0 0
[10]
Schlotz 2004 |TICS work | C-S, 219 102/117 1
[17] overload R-M
Harris [23] | 2007 C-S 44 0/44 0 0 0 0
Metzenthin [ 2009 | Concurrent R-M, L |82 0/82 1
[31] (1 item)
Metzenthin | 2009 | Retrospective | R-M, L | 82 0/82 0
[31] (1 item)
Objective high work load
Fox [5] 1993 | Patient load, |C-S 136 0/136 0
patient
contact
hours, deaths
Zeier [6] 1996 |High air R-M 126 126/0 1
traffic load
Fischer 2000 | Patient C-S,L |138 20/118 0 1
[10] events
Metzenthin [ 2009 | Patient load |R-M, L |82 0/82 0
[31] index
RESOURCE DIMENSIONS

Low control

Steptoe 2000 C-S 105 41/64 1

[12]

Kunz- 2004 C-S 181 97/84 0 1/0 0

Ebrecht

[16]

Eller [22] |2006 C-S 83 55/28 0 0 0

Harris [23] | 2007 C-S 44 0/44 1l 0 0 0

Maina [25] | 2008 C-S 68 12/56 0/0 [|/0 [0/0 |0/0 0/0 0/0 |/0 0/0 0/0

Rydstedt | 2008 C-S, 77 5324 0/0 0/0

[26] R-M

Wright 2008 C-S 98 43/55 0 0

(28]

Maina [30] | 2009 C-S 36 16/20 0 0 0 0 0

Berset [29] | 2009 C-S 69 39/30 0

Other control-related dimensions

Fox [5] 1993 | Subjective C-S 136 0/136 0
low control

Hanson 2000 | Need for C-S, 77 43/59 0

[11] control R-M

Steptoe 2000 | Low skill C-S 105 41/64 0

[12] discretion

Harris [23] [ 2007 |Low decision | C-S 44 0/44 l 1 1 1
authority

Harris [23] [ 2007 | Low skill C-S 44 0/44 0 0 0 0
discretion

Low social support at work

Evans [13] [ 2001 C-S 93 40/53 0

Eller [22] | 2006 C-S 83 55/28 0 10 [ 1/0

Harris [23] | 2007 C-S 44 0/44 0 0 0 |
Wright 2008 C-S 98 43/55 0 0

(28]

Rydstedt | 2008 C-S, 77 53/24 0/0 0/0

[26] R-M
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Low reward

Eller [22] | 2006 C-S 83 55128 |0 0 0

Harris [23] | 2007 C-S 44 0/44 0 0 0 0

Bellingrath | 2008 C-S, 135 40/95 0

[24] R-M

OTHER STRESS MEASURES

Fujigaki 1997 | Subjective L 10 10/0 i T

[7] high stress

Fischer 2000 |High C-S,L | 138 20/118 0 0

[10] perceived
stress

Fischer [9] | 2000 | High R-M, L | 64 0
perceived
stress

Yang [14] | 2001 |High C-S 73 0/73 1 0 l
perceived
stress

Dahlgren [2005 | Stressful R-M 34 11/23 1 0 1 1

[19] week

Harris [23] | 2007 | High job C-S 44 0/44 0 0 0 0
stress

Exposures are expressed in terms of the assumed stressful pole of the concept, so an upward arrow will always indicate a higher cortisol
measure under the conditions of a higher stress exposure. al, awake; a2, morning; a3, midday; a4, evening; a5, all day; b1, morning; b2,
midday; b3, morning to evening; c1, morning increase/ground; c2, midday increase/ground; c¢3, morning to evening increase/ground.

Quality Rating

A separate matrix (Table 3) was used to rate the quality of each study included with respect to the criteria used by
Chida and Steptoe [4]. These criteria include whether or not relevant confounders were addressed or controlled
for. Specifically, the following eight confounders were evaluated: age, sex, smoking status, participants’
adherence to procedures for salivary sampling (e.g., by electronic monitoring, self-reported time of sampling),
steroid medication, time of awakening, sampling days (number of days and type of sampling day; week day or
weekend), and clear and standardized instructions to study participants regarding the sampling procedure.

Three levels of judgments for each of the criteria were used giving 0, 1 or 2 points. In general, 2 points
involved statistically controlling for a confounder (e.g., as a covariate) or analyzing group differences and
taking the results into consideration. One point typically included addressing the confounder in the text and
indicating awareness of its potential role as a confounder and/or discussing why a confounder was not
measured or statistically controlled for and the potential consequences of not including a confounder among
the study variables. As regards standardized instructions, a maximum of 1 point was given when study
participants were reported to have received any instructions, irrespective of the levels of detail. When no
report of instructions was included, the rating was 0 points. Six additional criteria were rated from 0 to 2
points and one from 1-2 points, giving a possible total score range of 1 to 15.

The principles for evaluating the other 7 confounders are specified below:

Age - included in statistical analysis, controlled for or otherwise accounted for (2 points); discussed but not
statistically analyzed or accounted for (1 point); not analyzed or discussed (0 points).

Sex - sex was taken into account in the analyses, e.g., separate analyses of women and men or included as a
between group factor (2 points); if possible sex effects were discussed but not analyzed, even when the
study include one sex only (1 point); only one sex was included in a study and/or possible sex effects were
not discussed, or women and men were not studied separately in any way (0 points).

Smoking status - evaluated in the same way as age.

Adherence - adherence was monitored technically with electronic devices, or analyzed based on other data
and treated by exclusion of non-adherent participants or otherwise treated in a stringent manner (2 points);
only addressed or discussed (1 point); not addressed at all (0 points).
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Steroid medication - exclusion of study participants taking some kind of medication or of post-menopausal
women (2 points); potential effects of steroid medication were discussed (1 point); such medication not
mentioned or discussed at all (0 points).

Waking time - controlled or in some way accounted for or handled (2 points); discussed but not measured or
accounted for (1 point); not mentioned or discussed (0 points).

Sampling days - cortisol sampling on more than 1 day analyzed and accounted for (2 points); one sampling
day or possible effects or sampling days discussed (1 point); when it was unclear on which days sampling
had occurred the article was excluded from further analyses.

Global Quality Evaluation

A quality rating based on scoring a set of variables may give an indication of many quality aspects of a
study, but there is also a risk that the pre-defined scoring principles result in an over- or underevaluation of
a study. For instance, in an article with a high score it is still possible that poor biochemical analysis or
inadequate statistical methods influenced the study findings and result in an overevaluation of its quality.
Similarly, a low quality score may following from not statistically controlling or not discussing specific
confounders that were of minor importance in the study setting. This means that a well-designed study
failing to meet the quality criteria scored lower, which may result in underevaluation of the study quality.
To adjust for this bias in quality scores relating to the predefined criteria, a global quality evaluation was
performed, in which a study was classified as being of high, moderate, or low quality. This assessment
included taking into consideration the sample size in relation to the study design and statistical analyses,
clarity in defining the exposure measure(s), specificity of the exposure measure(s), reliability with regard to
the biochemical analyses, restrictions with respect to generalizing the results (including details on drop-out
rates, selection bias, and heterogeneity of the study participants with respect to sex, age, occupation, and
socioeconomic status).

Procedure

Initially, all 6 authors summarized and evaluated one of the articles in accordance with the summarizing
matrix, in order to fine tune their inter-rater concordance and the design of the matrix. Each of the 60
articles selected from the abstract, was then read, briefly summarized, and preliminarily evaluated
according to the matrix independently by 2 of the authors in varying pair-wise groupings with each author
reading about 20 articles.

In the next step, all groups of authors went through the summaries and preliminary evaluations of the
articles read, which resulted in another 33 studies being found not to fulfill the inclusion criteria because
only urinary or plasma cortisol was used, because they did not fulfill the criteria for exposure (e.g., not
having used or sufficiently described a measure for self-reported job stress), resulting in 27 articles
remaining for in-depth review. These articles were read once more by all authors with each author
independently scoring the articles in accordance with the quality criteria matrix. These second scorings for
each article were discussed among the authors and disputes were settled by re-evaluating the article until
consensus was reached. Each study was also given a global quality evaluation score by the author groups.
The remaining 27 articles [5-31] were re-read once more with each article being read by two authors in
varying groupings in order to summarize the study and relevant findings (Tables 1 and 2).

RESULTS
Quality Assessment

The quantitative summary of the quality score had a possible range from 1 to 15 and the quality scores
among the 27 articles ranged from 5 to 14 (median=10) (Table 3). Fig. 2 shows that the quantitative quality
scores increased over time, which means that recent studies were of higher quality than the earlier ones.
According to the global quality evaluation summarized in Table 3, 11 articles were of high quality, another
11 articles were of moderate quality, and 5 articles were of low quality. As shown in Fig. 3, articles of high
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or moderate global quality had similar quantitative quality scores. In contrast, articles of a low global
quality had lower quantitative quality scores than the others.

Quality score

2 R? Linear = 0,325

T I T T T
1990 1995 2000 2005 2010

Year of publication

Figure 2: Quality scores of articles by year of publication.

Quality score

T T
High Moderate Low

Global quality classification
Figure 3: Quality scores of articles by global quality classification.

Design and Study Participants

Fifteen studies used a cross-sectional design, 2 used a repeated-measures design, 2 used a longitudinal
design, and 8 used a combination of these designs. Four of the studies that used a mixed design were found
to combine cross-sectional and repeated-measures designs; another four used a longitudinal design
combined with either a cross-sectional (n = 1), case-control (n = 1) or a repeated-measures design (n = 2).

With regard to the study participants, the 27 articles included blue-collar and white-collar workers of
different socioeconomic status.

Exposure Measures

Sixteen of the articles investigated associations between salivary cortisol and one exposure measure; 4
articles investigated associations between salivary cortisol and two or three exposure measures; 3 articles
investigated associations between salivary cortisol and 4, 5, and 10 exposure measures, respectively. Of the
27 articles, 21 included subjective exposure measures only and 2 included only objective exposure
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measures. Four articles included both subjective and objective exposure measures. Of the 27 articles, 15
included subjective exposure measures that were related to the DCS model, assessing one or more of the
dimensions, usually using some version of the Job Content Questionnaire [32]. Thirteen articles focused
exclusively on the dimensions included in the DCS model; 4 articles focused exclusively on dimensions
included in the ERI model [3]. However, 2 articles included measures relating to both the DCS model and
to the ERI model. Six articles used some other subjective exposure measure. Seven articles included an
objective exposure measure, and 4 of these articles combined the objective exposure measure with a
subjective measure. Often, the objective exposure measures were based on some kind of administrative
assessment of workload, such as time pressure, conflicting tasks or insufficient number of nurses in an
emergency ward.

Cortisol in Relation to Work Stress Exposure

In the 27 articles, 185 analyses of associations between a cortisol measure and a psychosocial exposure
measure were done. However, this number includes overall analyses only; the total number of analyses
increased if, for instance, sex specific analyses were included. Of these 185 analyses, the distribution of
statistically significant associations with respect to the 3 main categories of cortisol measures evaluated in
Table 2 were as follows: 20/97=21% of the single time point measures, 14/48=29% of the deviation
measures, and 8/40=20% of the Area Under the Curve (AUC) measures. The proportions for the different
subcategories of cortisol measures included in Table 2 were as follows: single time point measures al
(4/30=13%), a2 (6/9=67%), a3 (5/22=23%), a4 (1/21=7%), a5 (4/14=29%), deviation measures bl
(6/21=29%), b2 (4/10=40%), b3 (4/17=24%), AUC measures (increase/ground) cl (4/17=24%; 3/6=50%),
c2 (0/1; 1/9=11%), c3 (0/1; 0/6). In total, 42 (23%) of the 185 analyses showed statistically significant
findings. Of these significant results, 29 (69%) were positive with a higher cortisol value being associated
with a higher stressor exposure, and 13 (31%) were negative. The negative relationships were evenly
scattered across the different categories of cortisol measures.

With regard to the different types of cortisol measures, Table 1 makes it clear that some ways of
statistically analyzing salivary cortisol are new to the area, focusing on salivary cortisol and exposure to
psychosocial work stressors. For instance, research including the deviation in the morning, that is, the
Cortisol Awakening Response (CAR), was published in 2004; research investigating the AUC was
published in 2007. In addition, studies on other cortisol measures, such as suppression of cortisol after
intake of dexamethasone, are limited. Such limitations may be due to practical reasons and restrictions
associated with field studies. Of the 27 articles, only 1 article included a dexamethasone test. The findings
showed a higher suppression related to high work stress (lower reward, higher burnout and vital
exhaustion), which according to the authors was interpreted as a heightened HPA axis negative feedback.

Table 2 was structured to include the main dimensions in the 2 predominant models of work stress (DCS
and ERI) that formed the basis for the literature searches. Table 2 also shows the results for different
dimensions of psychosocial work stress. The proportion of significant relationships between different
salivary cortisol measures and measures of psychosocial exposure were as follows: 10/51 (20%) for
imbalance indices, 13/57 (23%) for demand dimensions and 12/61 (20%) for resource dimensions. Some
measures of work stressors (e.g., referring to high levels of perceived stress at work) did not obviously fit
into 1 of these 3 main dimensions and these were labeled “other stress measures”. Of these other stress
measures, 7/16 (44%) were significant.

Effects of Design

Study design is a factor that may be related to the number of significant findings. For instance, compared
with cross-sectional designs, repeated-measures designs are likely to yield more robust measures and
increase statistical power even with smaller sample sizes, which in turn increases the chances of detecting
significant effects. Considering this, an initial intention was to investigate the number of statistically
significant findings in relation to study design. However, few articles included repeated-measures designs
or longitudinal designs; of these, the number of significant findings was limited.
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[References

IChida and Steptoe criteria: confounders addressed (A), controlled for (C) or examined (E)*
IMark with A, C, E combinations of these (e.g., AC) or 0 (not considered at all)

(Own quality criteria: for sample size mark OK or NOK (not OK); for exposure definition|
O (Obj), S (Subj) or both. Comments may be given. For generalizability, add comment

[Total quality assessment

SES/M27 low SES

|Age Sex Smoking|Compliance|Steroid (Clear Biochemical |Waking [Sampling [Sample size (total |[Exposure definition (Generalizability IQuantitative [Qualitative
imedication  [instructions [analysis time  |days IW/M) score lassessment
IFox 1993 [5](C A 0 0 0 IOK IOK 0 A IOK IOK IRestricted to women 5 ILow
136 SO (pat load, contact hrs, [Uncommon S and O measures
W136/M0 (deaths; D 7 items, C 22 items) |Poor cortisol sampling and
IOK biochemical analysis
Zeier 1996 |A C 0 0 IOK IOK. 0 iC IOK IOK IRestricted to men, air-traffic IModerate
[6] 126 Objective load controllers or similar
IW0/M126
[Fujigaki A A IA 0 0 INOK. OK IA IC INOK OK [Restricted cortisol sampling, sex and |6 ILow
1997 [7] 10 S (job events item diary; number,(but long sjeries; uncommon
WO/M10 loverwork; semi-structured  [not previously validated measures
linterview)
Steptoe 1998|A c C 0 0 IOK OK 0 IC IOK OK IRepresentative for retail 8 ILow
(8] 171 S Job social support (6 items)
IW44/M27 job demands (3 items) skill (4
items) job strain
[Fischer 2000|A A C IA C IOK OK IA A IOK OK [Restricted due to changed team 10 High
(9] 64 O (shift type) lcomposition, high turnover
[T1: W4/M60
[T2: W2/M58
[Fischer 2000(C iC C A C IOK OK A A IOK IOK IRestricted occupation (health care) |12 IHigh
[10] 138 SO (shift type; nurse/patient  [limits generalizability, as does
IW118/M20 ratio; subjective work load 17 [Uncommon exposure measure
litems)
[Hanson A C C C 0 IOK OK A IC IOK OK IGood, some restriction to occupation |11 High
2000 [11] 177 S (Dutch ERI, E 6, R 12 land work content similar to that
W34/M43 litems; momentary D 3 items  [studied (e.g., call centers).
diary) [Homogeneous, low exposure
lcontrast. Biochemical analyses
Steptoe 2000(C c C 0 0 IOK OK 0 A IOK OK Restricted to teachers 8 High
[12] 105 S Skill (4 items), demands (3 [No waking time
IW64/M41 items), control (3 items)
[Evans 2001 |A C IA 0 C IOK OK IA IC IOK OK [Restricted measure (only social 10 IModerate
[13] 93 S (D 3 items, C 7 items; S 5 [support). Effects of sex and
W53/M40 litems Undén-91) loccupation mixed and not separable
[Yang 2001 |A (but not 0? 0 C IOK OK 0 IA OK IOK IRestricted to women in health care |5 ILow
[14] related to 31+56/M0 S Cushway et al. self-reported
[cortisol) work stress in health care
IFujiwara IC A A 0 0 IOK OK A iC IOK IOK IRestricted to women 8 IHigh
2004 [15] 16 S(JCQD5,C9, S 4+4,
IW16/MO IPhysical exertion 3 items
IKunz- IC C C C IE IOK OK C A IOK OK IHigh SES white collar workers 14 IModerate
[Ebrecht 181 (W56 high S (D 4; C 9 items) (Whitehall 45-58 years healthy
2004 [16] SES/M70 high postmenopausal if women). Power
SES; W28 low [problems low SES
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A (1 p) = addressed (e.g., mentioned in text but not included in statistical analyses).

C (2 p) = controlled statistically (covariate).

E (2 p) = examined group differences (e.g., t-test differences in smoking between 2 groups but confounder not included as covariate in subsequent analyses).
O = objective (exposure definition).

S = subjective (exposure definition).
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Effects of Quality

With regard to the relationships between quality and significant findings, the proportion of significant
findings varied somewhat depending on the quality of the study. In articles with a quality score below the
median score of 10, 13/48 (34%) of the associations between salivary cortisol measures and any
psychosocial exposure measure were significant. The corresponding figure for articles with a quality rating
above the median score was 29/147 (20%). Similar analyses with respect to the global quality evaluations
showed that of the high quality articles, 15/61 (25%) of the associations were significant. For the moderate
and low quality articles, the proportions of significant findings were fairly similar to that of the high quality
articles 16/70 (23%) for moderate quality and 11/54 (20%) for low quality.

DISCUSSION

The findings from this systematic review of 27 articles including 185 analyses investigating linkages
between different measures of salivary cortisol and psychosocial work stressors showed that most of the
published findings were nonsignificant. This pattern of findings suggests that there are no consistent
associations between salivary cortisol and exposure to psychosocial work stressors among working
individuals. However, along with the nonsignificant results, a number of significant findings showing an
association between salivary cortisol and psychosocial work stressors was identified. Most of these
significant relationships were in a positive direction showing that higher cortisol levels were associated
with a higher degree of psychosocial work stress. These findings suggest that, in most cases, exposure to
psychosocial work stress is far from severe and the increase in cortisol levels represents a normal, healthy
activation response. According to CATS and the Allostatic Load Model, this response pattern should not
induce any health problems. More specifically, it seems that most working individuals manage to cope with
psychosocial work stressors or recover from the strain associated with psychosocial work stressors before
the strain has any measureable effects on salivary cortisol levels resulting in changes in salivary cortisol
patterns. With regard to different psychosocial work stressors, deviations in salivary cortisol are perhaps
more sensitive to some types of psychosocial exposure than others. The present review of psychosocial
work stressors focused on a specific and limited number of exposures. As a result of this focus, a limited
number of articles was reviewed and the data obtained from these articles did not allow for a fine-tuned
analysis to differentiate between different work stressors. The psychosocial work stressors were roughly
categorized into three different groups including concepts relating to either demands, resources, or
imbalance. At this level of analysis there were no differences with regard to the ratio of significant
relationships. In addition, there was a fourth category labeled “other stress measures”. In contrast to the
other 3 categories, which mainly assessed perceived stressors, this fourth category included measures
assessing perceived work stress in terms of responses to perceived stressors. This fourth category including
other stress measures had a higher ratio of significant relationships than the other categories.

The overall findings and lack of robust significant associations may also be related to methodological and
statistical strategies. For instance, strategies for sampling saliva and methods of statistically analyzing
derived cortisol measures, such as CAR and AUC, can be hypothesized to influence the results. Of the
different methods of statistically analyzing salivary cortisol measures, single points in time at waking,
midday, and evening were the most common measures in the 27 articles reviewed, followed by deviation
measures in the morning (i.e., CAR); the other methods of statistically analyzing cortisol were less
frequent. There was a fairly high ratio of significant findings for a few of the cortisol measures, including
single measures in the morning and AUCgqunq. But these measures were less frequently used and cannot be
concluded to be more successful than any other measure. Moreover, as the overall ratio of significant
relationship was quite low, the number of analyses for each cortisol measure was too small to reveal any
clear pattern with regard to the more successful strategies. In addition, the distribution of significant
relationships was comparable across the main categories of cortisol measures applied (i.e., single time point
measures, deviation measures, and AUC measures), which indicates that no clear pattern emerged with
regard to comparisons between static and dynamic cortisol measures. However, some of the cortisol
measures, such as the dynamic CAR and AUC measures, have not been used until recently, which means
that there are far fewer published articles including these measures compared with articles including single
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points in time. The quality of the published articles has increased over the years. Recent publications are of
higher quality than older articles. Perhaps some of the findings reported in earlier research are related to
inadequate sampling procedures or to not controlling for potential confounders. This reasoning is supported
by the quality evaluation in this systematic review, which showed that the proportion of significant
associations between psychosocial work stressors and salivary cortisol was higher in low quality articles.

Apart from methodological and statistical strategies, the nonsignificant findings presented in this review
may be related to the homogeneity of the groups studied. Many of the field studies focus on individuals
working in a specific organization (e.g., health care), at a specific location (e.g., a hospital) and often
include only one group of employees (e.g., nurses). This means that the study participants were
homogeneous with respect to occupation but also in terms of psychosocial exposure. For instance, study
participants working in the same organization and performing similar work tasks can be classified as
exposed to high or low job strain. Typically, this classification is empirically based, which means that the
contrasts between individuals in homogeneous groups are too small to allow small group differences in
cortisol excretion to be detected. This means that for some of the articles, the many nonsignificant findings
may be attributable to a lack of statistical power when comparing subgroups of the full sample studied; in
other cases, small groups may have produced significant chance findings. Also, with regard to cortisol, the
interindividual variation is very high, which further reduces the power to identify significant associations
with psychosocial factors such as work stress. In addition, a certain degree of interindividual variation in
the self-report measures of psychosocial stressors will contribute to reduce the ability to detect associations.
It may be noted that there is usually a lack of temporal match between cortisol and self-report data, the
latter mostly being a global rating based on the individual’s mental representations of a longer period of
time. However, the findings from the present review are in line with research on work stress and urinary
cortisol [37].

From a biological perspective, cortisol responses seem to be mobilized during situations characterized by
extreme demands and efforts such as child birth [33, 34] and sailing around Cape Horn [35]. However, the
psychosocial work stressors included in this systematic review are not of extreme intensity. Instead,
psychosocial work stressors can be considered to be of mild to moderate intensity. Ambulance drivers,
policemen, and fire fighters do experience intensive work stress during emergency situations. The present
review includes studies on intensive care nurses [10, 31], another group that has to deal with intensive bouts
of psychosocial work stress. The articles on intensive care nurses examined unexpected emergency
situations and these situations did elicit clear cortisol responses. In contrast, the milder psychosocial work
stressors experienced daily by most working individuals are unlikely to elicit any clear cortisol responses.
The effects are likely to reflect the relatively small and inconsistent effects found in this review. In addition
to daily psychosocial work stressors being of mild to moderate intensity, there is also a potential
habituation effect. Specifically, working individuals who are repeatedly exposed to mild to moderate
psychosocial work stressors often adapt to the stress. From a biological perspective, this adaptation
involves a successive reduction of the cortisol response. This line of reasoning draws on findings from
experimental stress provocation research [36] showing habituation effects on cortisol secretion. According
to CATS this means that most workers have adapted positive expectancies regarding the outcome from
exposure to their work demands. Another factor to keep in mind when trying to explain associations
between psychosocial work stressors and cortisol is that cortisol, along with other corticosteroids, reduces
the negative feelings associated with a stressor. Accordingly, study participants experiencing intensive
psychosocial work stress may actually underreport stress levels due to biological mechanisms. This can be
illustrated by the study of intensive care nurses in which the objectively recorded emergency situations
were associated with increased concentrations of salivary cortisol but not to self-reports of stress [10].
Similar findings have been reported among ambulance service personnel [38]. These findings were based
on a repeated measures design, which is often assumed to be more sensitive in detecting effects than cross-
sectional designs. However, on the basis of this review it is not possible to draw any conclusions on the
effects of study design.

In view of previous research showing clear linkages between exposure to psychosocial work stressors and
various cardiovascular disorders, it is perhaps surprising that there are no consistent associations between
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psychosocial stress at work and salivary cortisol. But compared with the research on cardiovascular
disorders, which is based on large samples to allow the effects of psychosocial work stressors on
cardiovascular events and mortality to be delineated, the research on salivary cortisol is based on smaller
samples and often of a different character. For instance, the studies reviewed here included working
individuals with no severe health problems. Most articles are based on young and middle-aged working
individuals. This means that longitudinal studies of salivary cortisol, psychosocial work stress and
cardiovascular events and mortality are needed before discarding salivary cortisol as one of the key bodily
mechanisms involved in the development of work-related cardiovascular disorders. The findings from the
present systematic review show no consistent support for cortisol as one of the key bodily mechanisms
involved in the development of various disorders related to psychosocial work stress. Perhaps this is due to
cortisol not only being related to the exposure to psychosocial stressors but also the fact that the acute and
long-term responses of the Hypothalamo-Pituitary-Adrenal (HPA) axis and the associated secretion of
cortisol differ. Such differences relating to habituation are seldom discussed in field studies of working
individuals. Most of this research focuses on examining the linkages between various aspects of
psychosocial work stress and different cortisol measures without taking into account habituation effects
other than years in employment or similar factors providing secondary measures of physiologic habituation.
However, some significant associations were found. Exposure to high work stress was more often
associated with high cortisol levels than low cortisol values. This indicates that when found, the linkages
between psychosocial work stress and cortisol levels were associated with a physiologic activation rather
than with a downregulation of the HPA axis activity. According to CATS and the Allostatic Load Models
physiologic activation represents a normal, healthy response if followed by deactivation after work.

The number of studies reviewed was fairly small (n = 27), which means that additional research is needed
before drawing any firm conclusions on associations between salivary cortisol and psychosocial work
stressors. However, future studies would benefit from a careful evaluation of the positive and negative
effects of the study design, issues relating to statistical power, relevant confounders, instructions given to
study participants, the timing of salivary sampling, and the number of samples a study participant is asked
to collect. All these factors are likely to influence the findings and quality of the research.

CONCLUSIONS

The present systematic review of 27 articles investigating the associations between cortisol and
psychosocial work stressors showed that there was a large proportion of nonsignificant findings, with no
strategy for sampling saliva or statistically analyzing the data that was superior to others. Some significant
associations were found and these showed that exposure to high work stress was more often associated with
high cortisol values than low values. This indicates that the linkages between psychosocial work stress and
cortisol levels are more likely to be associated with normal physiologic activation than with a
downregulation of HPA axis activity. With regard to the nonsignificant findings, it is possible that most of
the articles reviewed examined exposure to stress of mild to moderate intensity and that the groups
contrasted were too homogeneous, thus giving too little variation to reveal effects.
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Abstract: The aim of this chapter was to analyze associations between measures of cortisol in saliva with
measures of perceived stress, using the Perceived Stress Scale (PSS), and of psychological resources in
terms of mastery, locus of control, self-esteem and sense of coherence. Only studies on healthy individuals
were included and cortisol measures were grouped into single time point measures, deviation measures,
Area Under the Curve (AUC), laboratory test responses, and dexamethasone suppression. For both
Perceived Stress Scale (PSS) and for psychological resources, most results of associations with saliva
cortisol were nonsignificant particularly for single measures and for cortisol awakening response. For PSS
the largest proportion of significant findings (38%) was seen for morning AUC, however with conflicting
results. For psychological resource constructs, mastery and sense of coherence were related to lower cortisol
level at baseline in standardized rest and high mastery was related to steeper diurnal slope in two studies.
For self-esteem, no associations showed significant results. Differences in findings may to a large extent be
dependent on theoretical assumptions made and methods used.

Keywords: Salivary cortisol, perceived stress, mastery, locus of control, sense of coherence, single time
point measures, deviations measures, area under the curve, laboratory test, dexamethasone.

INTRODUCTION

Since the 1960s it has been virtually unanimously acknowledged that psychological stressors are among the
most potent stimuli of the Hypothalamic-Pituitary-Adrenal (HPA) axis [1]. Although the importance of
psychological factors for HPA axis activity is undisputed, research on associations between HPA axis
activity and subjectively perceived stress as well as associations between HPA axis activity and different
psychological resource constructs is inconclusive, and knowledge is still very limited.

The Perceived Stress Scale (PSS) [2] is a widely used instrument for measuring the perception of stress. It
measures the degree to which situations in one’s life were appraised as stressful during the last month. The
purpose is to assess how unpredictable, uncontrollable, and overloaded respondents find their lives, by
asking how often the respondent has experienced certain feelings and thoughts during the last month. Some
items also cover queries about current levels of stress experienced. The questions are of a general nature
and hence not specific to any subgroup population.

The concept of psychological resources refers to psychological factors perceived as potentially protective of
well-being and health in the face of stressor exposure. The present literature study takes its departure point
from four well-established psychological resource constructs: self-esteem, mastery, locus of control, and
sense of coherence [3]. Self-esteem refers to a relatively stable sense of overall self-worth; a sense of being a
person of value, and an acceptance of personal strengths and weaknesses [4]. The Concept of Locus of
Control (LoC) refers to an individual’s general beliefs regarding their ability to influence events [5]. Mastery
refers to generalised beliefs of control in terms of “the extent to which people see themselves as being in
control of the forces that importantly affect their lives” p. 340 [6]. Sense of Coherence (SOC) refers to a
construct based on stress theory developed by Antonovsky, according to whom SOC represents a global
orientation that reflects the extent to which stressors in the internal and external environment are
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perceived as (1) structured, predictable and comprehensible, (2) challenges worthy of engagement and
investment, and (3) the extent to which internal or external resources needed to handle stressors are perceived as
available [7].

AIM

The aim of the present chapter was to review existing literature on association between measures of cortisol in
saliva and psychological constructs in terms of perceived stress and psychological resources (self-esteem,
mastery, LoC, SOC). The evaluation against different measures of saliva cortisol is based on the question of
whether seemingly divergent results may be functions of differences in methods used and theoretical
assumptions made.

METHOD

Electronic searches were performed in PubMed and Psychlnfo data bases, covering the period up to
October 1, 2009. Searches on perceived stress were based on the following search terms: (cortisol AND
saliva* AND “perceived stress”). The search terms used for psychological resources were (cortisol AND
saliva* AND self-esteem, “locus of control”, mastery, “sense of coherence”). English-language, full-length
articles, published in peer-reviewed journals, based on adult study populations, reporting direct statistical
analyses of associations between cortisol in saliva and measures of perceived stress or psychological
resources were included. Results based on patient populations, or with the primary aim of investigating
associations in pregnant women, were excluded. When studies included analyses of healthy control groups,
results from analyses relating to the healthy control groups were included.

Searches based on the search terms (cortisol AND saliva* AND “perceived stress”) generated 95 papers. For
perceived stress, only papers measuring perceived stress based on the PSS [2] were included. Based on a review
of the titles and abstracts, and when relevant by reading the full-length article, 18 papers were finally included.

Searches on associations between cortisol in saliva and psychological resource constructs based on the search
terms (cortisol AND saliva* AND self-esteem, “locus of control”, mastery, “sense of coherence”, respectively)
generated 54 papers. Based on a review of the titles and abstracts, and when relevant by reading the full-length
article, based on the inclusion and exclusion criteria, 11 papers were finally included.

In the following analyses, findings were considered significant if p values were <0.05. As most studies involved
small numbers of participants and thus seemingly low statistical power, we also included marginally significant
results (0.05<p<0.10) if they were reported; these are denoted by arrows in parentheses in the tables.

RESULTS
Perceived Stress

In total, 18 articles on possible associations between cortisol in saliva and the PSS fulfilled inclusion
criteria [8-25]. A brief summary of the results (indicated as a positive association, a negative association, or
a nonsignificant finding) is presented in Table 1a. Study design, statistical approach, main results and
discussion for each of the 18 articles are presented in Table 2a.

Generally, few significant associations were found between PSS and cortisol in the papers examined. Of the
18 articles, six found significant associations, three articles reported trends towards significant associations
(0.05<p<0.10) and nine failed to find any significant associations between PSS and cortisol measures. Most
studies reported more than one measure of cortisol, ranging from one to four.

For single time points, 1 out of 14 analyses showed significant results. The significant finding was seen for
samples taken at midday, whereas three other studies showed nonsignificant findings, i.e., 1/4 (25%) of
midday single measures showed significant results. Among deviation measures, all of which measured
diurnal deviation, 2/13 results were significant and another two marginally significant. Thus, among the
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nine measures of diurnal variation, four or 44% did report significant or marginally significant results. For
measures of Area Under the Curve (AUC), 3/8 (38%) analyses showed significant results; morning
(increase), 1/2 (50%); morning (ground), 2/2 (100%); morning-evening (increase), 0/2 (0%); and laboratory
(increase), 0/1 (0%). Only one study was included with results from a dexamethasone challenge test,

reporting 1/1 (100%) significant result.

Table 1a: Summary of main findings of associations between measures salivary cortisol and Perceived Stress Scale

(PSS) sorted by year of publication
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References | Year | Expo | Design [ No. m/w | Single time points Deviation AUC Dexamethasone
cortisol (or sum/mean of two | (difference/ slope Suppression test
or more time points) | between two or more
time points)
at a2 [a3]ad[as[or[o2 o3 [b4  for 2 ez [t |a

Perceived stress
Van Eck [8] | 1996 | PSS10 | Exp 87 87/0 0 0
Van Eck [9] | 1996 | PSS10 | C-S 87 87/0 0
Pruessner 1999 [PSS | C-S 66 24/42 0 I
[10]
Nicholson 2000 | PSS10 | C-S 59 59/0 0 0
[11]
Edwards 2003 PSS |C-S 36 10/26 0 0
[12]
Schwarz 2003 | PSS14 | C-S 75 20/55 0
[13]
Abercrombie | 2004 | PSS | C-S 31 0/31 0 1)
[14]
Tull [15] 2005 [ PSS10 | C-S 53 0/53 N
Thorn [16] | 2006 [ PSS14 | C-S 48 8/40 0 1
Putterman 2006 | PSS14 | C-S 170 0/170 0 |0 0
[17]
Gallagher- | 2006 [PSS | C-S 45 0/45 0 |0 |0 0
Thompson
[18]
Wahbeh [19] | 2008 [ PSS | C-S 15+15 | 11/19 (@)
Faraq [20] [2008 [PSS [C-S 78 0/78 l
Lasikiewicz | 2008 [PSS | C-S 147 68/79 0 0 0
[21]
Simpson 2008 [PSS |C-S 41 23/18 0|0
[22]
O’Connor 2009 [PSS | C-S 118 0/118 P l
[23]
Schulze [24] [ 2009 [PSS |C-S 21 12/19 0 )
Mondeli 2009 | PSS10 | C-S 36 0 0
[25]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory test reactivity (first column)/recovery (second column); cl, morning increase/ground; c2, midday increase/ground; c3,
morning to evening increase/ground; c4, laboratory test increase/ground; d, C-S, cross-sectional. Arrows in parentheses denoting

marginally significant findings.
* Significant effect only for women with high internalized racism.
® Marginal effect (p=0.053), and significant (0.02 when suspected non-adherents were excluded).
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Table 2a: Studies on PSS sorted by year of publication

Halford et al.

health status (acute stress) sex,
age, height, and body weight

References Outcome Study design/group Sampling Laboratory method Statistical approach for | Statistical analysis, cortisol in Results Discussion
characteristics and standardization in | cortisol measure relation to outcome
cortisol sampling
Van Eck 1996 | PSS10 Design: C-S/Exp Days: 1 (exp) Direct RIA Measurement(s): Repeated measures MANOVA; No difference in Individual differences
[8] Upper (16, | No.:87 (42 HS, 45 LS) Samples per day: 4 (5) b4. Repeated measures | time/group/timexgroup interaction | response to speech test | in current distress
HS) vslower | vy/w: 87/0 Times for sampling: i\r/llt/e\rra\llcou?)]: with Confounders: Baseline cortisol E;g;’::r‘o]::i‘ and low gzﬁz‘;‘szg‘gz‘:ﬁ;ﬁ;
<10,LS . : was included as covariate
g;rtile of ) Age: 42.1 years (27-57 f_?% ;gr) glio?oarr;li;al’ c4. AUC response to important determinants
PSS10 years) . speech task, baseline=T1 of cortisol secretion
X . preparation, (T3) after .
compared Group: Male white-collar the 5-min presentation Cortisol data: Fifth root than perc;lve@ stress
workers and (T4) after 15-min ’ transformation (cortiso1 level, which is a
Excl: Serious chronic relaxation. For 49 0.2) measure of more
illness, endocrine disorder, | subjects a fifth saliva chronic distress
or medications known to | sample (T5) was taken
affect cortisol levels 50 min after the first
(n=316). 92 recruited, 5 assessment
(e;::;uded due to missing Setting: Response to
exp speech test (SIST)
Van Eck 1996 | PSS10 Design: C-S Days: 5 Direct RIA Measurement(s): Multilevel model/hierarchical The effect of perceived
91 Upper and No.: 87 Samples per day: 10 b3. Slope from third- linear model with nesting levels: | stress on cortisol slope
lower tertile M/W: 87/0 Times for sampling: degree polynomial fitted | measurement level and person wasAnot significant. PSS
(<100r>16) | , . . semi-random intervals eurve level by time of day
ge: 42.1 years (27-57 ' . e : interaction term was
of PSS10 ) of approx. 90 min, Cortisol data: Five Matched for age, marital status, 1 terl
compared years . between 08:00 h and extreme cortisol values | household composition. also non-significant
Group: Male white-collar | o) /0= (>1200 ng/dl) were Adjustment for alcohol, coffee,
workers; 316 completed ' deleted before analysis | food intake, smoking, physical
questionnaire. 7=87 exertion, trait anger,
(41“.16) subjects were psychosomatic symptoms, life
recruited events, chronic difficult, positive
Excl: History of serious affect
chronic illness, endocrine
disorder, medications
known to affect cortisol,
treatment (past or current)
for mental health problem
Pruessner 1999 | PSS14 Design: Days: 2+1 Time-resolved Measurement(s): High vs low stress groups entered | High levels of We suggest that a key
[10] High vs low No.: 66 dexamethasone 0.5 mg | fluorescence bl. Increase after in ANOVAs. Three-way (group | perceived stress were factor for
stress M/W: 24/42 Samples per day: 4 immunoassay awakening by day by time) within-subject associated with stronger | differentiation between
according to : Times f ling: d. Dexamethasone ANOVAs with repeated increase of cortisol burnout scale and PSS
; -+ | Age: 43.6 years (SD 9.5) 1mes for samplng: measurements on two factors (day | levels after awakenin; is the chronicity and
median split in awakening and +15 (day i ty
PSS Group: Teachers 30. and 60 min ’ by time) day after exhaustion. The PSS
Excl: Medication except ’ Confounders: Tested: OC, alcohol, dexarAnet‘hasone.ANo asks fo‘f the ability to
ocC total hours of sleep, time of associations during cope with the current
awakening, and self-report of days without stress load, and does
dexamethasone not cover feelings of

exhaustion. However,
the larger increases of
cortisol levels after
dexamethasone seen in
teachers who reported
high levels of stress
extends the recent
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findings to suggest a
decreased feedback
sensitivity in these
subjects
Nicholson PSS10 Design: C-S Days:2 Direct RIA, using an | Measurement(s): Multiple linear regression analysis | PSS did not predict Not discussed (not
2000 [11] No.: (29+30)=59 Samples per day: 2/6 HPLC p_uriﬁed ) a5. All 7 samples (2 Confounders: Introduced in mean level of all ) primary aim)
M/W: 59/0 Times for sampling: preparation of cortisol- | days) except second day | model: VE, perceived stress, sleep | Measures or morning
Age: SL1(4.5)52.2(5.1) |Day 1:21:30 hand 3-CMO-histamine 2 sample quality, and current fatigue. (BMI, cortisol levels
ealls T o 22:35h a2. Day 2 alcohol, coffee, and number of
Y . Day 2: 06:55 h, 07:15 Cortisol data: Log- recent life events were unrelated to
Group: VE subjects + h,11:00 h, 16:00 h, transformed hormonal measures in preliminary
controls 17:40 h and 19:00 h analyses, hence not included in
E_xcl: smokers, several Setting: Day 1 SIST analyses)
diseases
speech test, however
P rate: selected from analyses of cortisol-
577/1600 (36.1%) PSS did not include
SIST response sample
Edwards 2003 | PSS Design: C-S Days: 2 Instruction: Nothing | Measurement(s): t-test, Pearson correlation, chi High morning AUC Not primary aim. The
[12] No.: 36 (34 included in Samples per day: 8 by mouth other than | bl. Mean increase (2-4)- | squared analyses undertaken to group showed higher | effect (AUC-PSS) was
analyses) Times for sampline: water, not brush teeth, | 1) check that effect sizes were not PSS than low AUC not apparent for
M/W- 1026 awakenin (0)p 41 § until after the fourth b3. Slope 3-12 h post sensitive to inclusion or exclusion | group. No associations | groupings based on
) 30. and 4 ngir; 4 ’ sample (45 min post awakening of males, smokers, OC takers. No | between cortisol and DAUC, suggesting the
Age: 34 years (range 23- > awakening). For the cl. Morning (1-4) such sensitivity was found, thus DAUC (AUC during possible importance of
52 years) samples collected at 3- . . - - .
y h intervals through the | TEMaNing samples 3. 12-h excluding results reported for total group 12-h), mean increase or | absolute waking period
Group: Healthy students e participants were morning peak (1, 5-8) slope values of cortisol for
da
Excl: Psychiatric, Y instructed not to eat, | Median split of identifying individual
neuroendocrine, eating drink, or smoke forat | AUC/DAUC and mean differences in stress
disorder, medication that least 30 min before increase experience. Note that
may have affected cortisol collection of samples Cortisol data: Square root lsillimla; slopr: rf]tatlstlcs,
concentrations transformed. Data +2 SD © any sumiary
measure, can be the
were excluded. .
- result of very different
Participants whose rofiles
“difference between p
days” scores were +1 SD
above the mean
difference were excluded
from further analyses
Schwarz 2003 | PSS14 Design: Days:1 Clinical assays gamma | Measurement(s): Correlation No correlation between | PSS may not reflect
. . coat cortisol t a2. and cortisol current stress;
[13] No.: 75 Samples per day: 1 isol I Ki 2 PSS and cortisol ful
M/W: 20/55 Times for sampling: (INCSTAR, Stillwater, | Cortisol data: Continuous events. One’s ability to
! . . ' MN). No smoking for | o categorical s adjust to chronic stress
Age: 63 (15.3) years Mid-morning : & : .

g : . . 2 hibefore collection, | categories) is affected by its
Group: Caregivers of Setting: Caregivers rinse their mouths with appraisal, and with
family members with and non-caregivers tap water 10 min prior adjustment to chronic
heart failure and non- to sample collection stress, cortisol
caregivers secretion no longer
Incl: English-speaking, no INCreases. qu1v1duals
hospice client or cognitive who are socially
impairment supported may

appraise stress as less
threatening than those
who are unsupported.
Limitations: only one
sample
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Abercrombie | PSS Design: C-S Days: 3 EIA kits from Measurement(s): Correlation cortisol-PSS A tendency (r=0.32, These findings suggest
2004 [14]** No.: 31 Samples per day: 4 Salimetrics a5. All 3x4 samples; p=0.07) of significant, | that the cortisol diurnal

M/W: 031 Times for sampling: 4x477 positive, relationship slope may have
) . ) y b3. Diurnal slope between slope and PSS. | important but different
Age: 56 years (SD 13) Kaklzgi 11(2) (? g h, 17:00 Cortisol data: Sample No significant correlates in healthy
Group: Healthy controls - and 2% time points >4 SD from correlations with mean | women versus those
(from case-control study the mean time for the cortisol with breast cancer.
of breast cancer) respective time point Among'patients, no
Excl: were excluded. Because correlations were
Incl: Age >30 years, not all raw values were in the found between cortisol
pregnant, no physiological range and PSS among
psychopathology, not (0.01-2.54 pg/dl) no data patients
treated with systemic were excluded as
corticosteroids, no prior outliers. Log-transformed
history of cancer cortisol data
P rate: 9 excluded because
of unwillingness
Tull 2005 [15] | PSS10 Design: C-S Days: 1 Not mentioned Measurement(s): Spearman correlation. Partial Zero order Rs =-0.32, p | Only discussed
No.: 53 Samples per day: 2 (“reference b3. Morning-evening correlations adjusted for: age + =0.022 (higher stress = | difference among
M/W: 0/53 Times for sampling: laboratory™) education, and coping (BDC) flatter cunlg) Stratified | women with high or
) 08:00 h. 22 30 h analyses (high vs low | low INR. AMetabohc
Age: 369 (9.2)/38.3(9.3) > level of INR) showed | abnormalities develop
years sign only for women over time with
Group: African-Caribbean with high INR. Partial | continued exposure to
women with high or low correlation also an environment that
levels of INR significant affects cortisol
Excl: Diabetes secretion. It is likely
. that a high level of
Incl: 25-60 years INR over an exten
P rate: Recruited from perio(()iv(fffilmz itse ded
2447317 (77%) needed for the
significant
relationships among
PSS and cortisol to
occur
Thorn 2006 PSS14 Design: C-S Days: 4 (2 work days, [ ELISA. No food, only | Measurement(s): Correlation. Multiple regression PSS and mean cortisol | Not primary aim.
[16] No.: 48 (2 dropouts) 2 weekend days) water, no smoke no bl. Mean increase Confounders: Awakening time, AUC correlated Negative correlation
M/W: 8/40 Samples per day: 4 brush of teeth (morning) state stress? (not described in inversely (= (as opposed to
cl. detail) -0.382,p=0.011). PSS | positive) depending on

Age: 20.5 years (SD 3.9)
(range 18-36 years)
Group: Psychology
students

Excl: Medications, acute
or chronic illness

Times for sampling:
awakening, +15, 30,
45 min

Cortisol data: 4 day mean
of each measure. Square
root transformed

significant independent
predictor of cortisol
AUC in multiple
regression analyses
(negative sign). Mean
increase did not
correlate with PSS
scores

more females?
Previous studies have
shown negative
associations among
women and results for
women and men may
differ. The unequal
number of
men/women did not
allow for stratified
analyses.
Supplementary
analyses excluding
non-responders
(suspected non-
adherence) showed
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similar effect sizes
Putterman PSS14 Design: C-S Days:1 Time-resolved Measurement(s): Correlation No significant Not primary aim.
2006 [17] No.: 170 Samples per day:2 fluorescence correlation between Given that the PSS
M/W- 0/170 Times for sampline: immunoassay witha |33 +6-8 h cortisol and PSS assesses stress levels
) 30 min post ping: cortisol-biotin b3 over the previous
Age: 204 (3.2) years awaken]i)ng +6.8h conjugate as a tracer c T L da 6D month, while the
Group: Undergraduate . T Instructions: Refrain ortisol data: >+ cortisol sampling may
students ftfl:ltctll:is leJ)I:der'gr:(;iuate from brushing teeth, from mean excluded reﬂect ghanges in HPA
Excl: Medication that may concerning dictal eating or drinking activation over the last
affect cortisol, night shift restraint aﬁ ds tre?s/ prior to sampling. half hour or so, the
Asked if they had PSS may tap stress
deviated from more generically, and
instructions, and may not be sensitive to
whether there were Fhe.n}ore subtle,
any unusual insidious demands
circumstances associated with
surrounding sampling cognitive dietary
restraint.
Gallagher- PSS14 Design: C-S Days: 3 RIA +EIA Measurement(s): Regression PSS did not predict log | Not primary aim,
Thompson No.: 45 Samples per day: 3 ({orﬁsol Avalues at any association b§hveen
2006 [18] M/W: 0/45 Times for sampling: 3. time point, or the slope | PSS and cortisol not
Age: 40-70 years 08:00 h, 17:00 h, 21:00 ad, over day discussed
] h Limitations: Small
Group: Caregivers and b3. Slope sample, no information
non-caregivers Cortisol data: Log- about overall health
Incl: At least high school transformed status, lifestyle factors.
education etc
P rate: Selected (see
inclusion) from #»=83
Wahbeh 2008 | PSS Design: C-S Days: Commercial enzyme- | Measurement(s): Correlations At 30 min after waking | The PSS examines
[197** No.: 15+15 Samples per day: 5 lirtked immunoqssay a2. Only +30 min values tijne_, trend for B perceptions of stress
M/W: Times for sampline: kit (Active Cortisol presented significant, positive, rather than actual
’ <5 min post ping: EIA). No food, citrus, | Cortisol data: relationship between stress events
Age: awakenil 30 min. alcohol, or tobacco for PSS and cortisol among
Group: Caregivers for before 1un%h Ih aﬂér 1 h before sampling caregivers; 7= 0.44, p =
Alzheimer disease patients o 0.10
X lunch, 23:00 h
and non-caregivers
Excl: Non-caregivers,
medication known to
affect central nervous
system function,
significant psychiatric
disease, insulin-dependent
diabetes, uncontrolled
hypertension, and other
significant medical
illnesses. Four caregivers
excluded due to diabetes
Faraq 2008 PSS Design: C-S Days: 1 Competitive protein- | Measurement(s): Linear regression Perceived stress Chronic stress, with its
[20] No.: 78 Samples per day: 7 binding enzyme b3. Morning peak Confounders: BMI, waist predicted_ impairme_m of | characteristic repeqted
M/W: 0/78 Times for sampling: immunoassay (awakening + 40) - mean circumference, age, SES included normal diurnal cortisol | and prolonged cortisol
Ace: ;16 24, | Wakeup, wakeup 5 40 eveqing (21:00 h and in model, medication use and rhythm, seen ip a pcal'(s, causes a rigid
. 2ge. ¢ )yearS (range 24- min, 11:00 b, 14:00 b, bedtime) comorbidities (as present vs redu&;ed morning to cortisol s@cretlon
years, 18:00 h. 21:00 h. and Cortisol data: Log- absent) evening cortisol pattern with reduced
Group: Employees at i T ’ difference in the sample | daily variation. Thus,
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primary school bedtime transformed as a whole. Stress the peak nadir
P rate: From larger study predicted difference in cortisol
sample (#=202) approximately 11% of | levels is smaller in
the variability in diurnal | individuals exposed to
cortisol variation high levels of chronic
stress. The resultant
loss of the magnitude
of the peak nadir
variation is seen as a
degraded signal and an
indicator of HPA axis
dysfunction
Lasikiewicz PSS10 Design: C-S Days: 1 (n=64)or3 | Non-commercial time- | Measurement(s): K-means cluster to extract No sign associations Participants were not
2008 [21] No.: 147 (n=83) days resolved fluorescence | aS. Mean of measures profiles. ANOVA for PSS between PSS and selected on the basis of
M/W: 68/79 Samples per day: 8 (DELF 1A) over the' day from sample betweep clusters. Linear cortisol their perceived stress
) ) Times for sampling: 0 immunoassay 3(45 min post regression score and as a result,
Age: 46.2+7.18 years +15. 30 and 45 min‘ ’ awakening) Confounders: Age, gender the sample were not
Group: Healthy adult and at+3. 6.9 and 12 b3. Slope from sample 3 | included in model suffering extreme
volunteers h post awakenin: o (45 min post awakening) stress levels compared
Excl: Prescribed 3. w1t(}il_ those of previous
medication, smokers Cortisol data: Log- studies
P rate: 180 recruited, 33 transformed
failed
Simpson 2008 | PSS Design: C-S Days: 7 consecutive ELISA, sampling at Measurement(s): Pearson’s bivariate correlations There was no Results from analysis
[22] No.: 41 days least 1 h after eating | a3. Confounders: See exclusion association between PSS-cortisol
M/W: 23/18 Samples per day: 2 ad. criteria (none excluded) salivary cortisol levels | mentioned only in
Age: 61.8 years (SD 4.8) | Times for sampling: Cortisol data: 10 log- and perceived stress abstract
(range 55-69 years) 02:30hand 22.30 h transformed. Cortisol
Group: Recruited from nom::ll(refere; e rangis
community organizations was taxen as between
serving oltc}ller agdults in and 28 “m"l.m and
Northern Ireland extreme CO.mSOI
concentrations were
Excl: Smokers (>10/d), assumed to be those > 44
medication that might nmol/L
affect cortisol or mood,
BMI >35, physical or
mental health problems,
depression or dementia
P rate: 50 asked to
participate, 3 declined, 6
did not leave sufficient
number of samples
O’Connor PSS10. High | Design: C-S Days: 2 Auto DELFIA Measurement(s): Linear regression Significant group Psychological stress
2008 [23] (PSS>14)or |No- 118 Samples per day: 8 (PerkinElmer) a3.3,6,9and 12h Confounders: Age, waist/hip ratio | difference. AURC may influence aspects
lsct)r\xe/S(SPii ; 14) M/W: 0/118 Timmes for sampling: cl. and educational attainment gl;asure ( 1(71 T 0.023); 1of I;.PA axis rzgulgtlon
’ . awakening, + 15, 30 Cortisol data: Log- included as covariates. Menopause secreted lower leading to a reduction
compared Age:49.4 (5.8) years g Nl 5 tatus did not differ betwi levels of cortisol in the release of
. _ and 45 min, and 3, 6,9 transformed, mean of 2 | Status did not ditier between . .
Group: HS (n="70) vs LS and 12 h post days for cach sampling | €roups compared with LS cortisol throughout the
(n=48) stress (largely dependent on | day. These alterations

Excl: Significant current
or past medical history;
hormonal disorders;
steroid-based medication
or recent users of

awakening

time. Suspected non-
adherence. No increase
in cortisol between
awakening and +15 or 30
min, on any of the days

+30 min sampling).
Indication of a main
effect for the cortisol
diurnal mean (p =
0.053), HS group

may be determined by
improved sensitivity to
the negative feedback
of glucocorticoids or
by a reduction in the
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recreational drugs, (12LS, 17 HS) tended to secrete less release of key
psychiatric history cortisol throughout the | hormones and
day. When suspected releasing factors such
non-adherent excluded, | as corticotrophin
effect sign (p = 0.02) releasing factor from
the hypothalamus.
Limitations: HS and
LS groups recruited
separately, may have
resulted in samples
from populations that
may differ in unknown
way
Schulze 2009 | PSS Design: C-S Days: 9 (3 daysper2 | Laboratory method: Measurement(s): Correlation, Bonferroni No significant Not primary aim, and
[24] No.: 21 week period), 3x2 high-sensitivity bl. adjustment associations. Marginal | no discussion about
M/W: 12/9 weeks (representing commercial EIA kit b3. Daytime cortisol significant effect of this. General
’ high, medium, and low | (Salimetrics) decline smaller daytime cortisol | discussion: the small
Age: 53 years (SD 14.6) | stress) Sampling using the decline and higher PSS | sample size, low
Group: Colorado ranchers Samples per day: 3 Saliva Procurement scores (r=—0.37,p= | response rate. most of
P rate: 105 invited Times for sampling; | and Integrated Testing 0.053) the participants lived
Awakening, +30 min, | (SPIT Book). Trident in one town
before retiring Original Flavor gum
for stimulating saliva
flow
Mondeli 2009 | PSS10 Design: C-S Days: 1 Immulite DPC's Measurement(s): Correlation Pearson’s No significant
[25]** No.: 36 Samples per day: 5 immunoassay analyzer | cl. correlations were found
M/W: 26/10 Times for sampling: ]neruFtionls(:) gg Kat]'(et c3. E;g:?; é) zf)criil:;ld
Age: 27.3 years (SD 0.8) ;V;aé(gﬁll?f’ 1+213’03}? :fm;leo if/hile. Stm,inlrs levels, either diurnal or
Group: Healthy controls 20:00h | bed, no breakfast or in the awakening
brushing teeth during response
the first hour of
awakening, and in the
30 min before taking
the sample at 12:00 h
and 20:00 h

Analyses/methods/study design described in relation to relevance for examinations of association between PSS and cortisol only. May differ from main study presentation.
* Association between cortisol and PSS was not the primary aim; the results are presented only for analyses regarding this association.
** Analyses/results only presented for healthy subgroups, and regarding relation between PSS and cortisol.

Abbreviations: AURC, Area under response curve; BMI, body mass index; DAUC, Day(time) area under curve (12 hours); EIA,enzyme immunoassay; ELISA, enzyme-linked
immunosorbent assay; HPLC, high performance liquid chromatography; HS, high stress; INR, internalized racism; LS, low stress; MANOVA, multivariate analysis of variance; OC, oral
contraceptives; RIA, radioimmunoassay; SES, socioeconomic status; SIST, Stress Inducing Speech Task; TBS,:VE, vital exhaustion.
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The specific findings among significant results were as follows. The only significant finding for a single time
point was when groups with high and low PSS were compared; a lower mean cortisol level in the afternoon was
found for the high PSS group [23]. With regard to diurnal deviation measures, in a study of school employees
and a study including African-Caribbean women, high PSS levels were associated with a flatter cortisol curve
[15, 20]. In line with these results, in a study of ranchers high PSS was related to smaller daytime decline [24].
However, this finding had marginal statistical significance (p=0.053), and the instrument used was not the
typical PSS scale. In contrast with these results, in a study on a group of healthy women (control study group), a
tendency (p=0.07) to a positive relationship between slope and PSS was seen [14].

In a study of psychology students [16], morning AUC with respect to ground was inversely and
independently related to PSS. Similarly, in a normal population sample, the high PSS group had lower
cortisol secretion during the morning (AUC with respect to increase) compared with a group with low PSS
[23]. In contrast, in a group of healthy students, persons with higher AUC during morning hours reported
significantly more stress on the PSS measure [12]. In a group of teachers, high levels of perceived stress
were associated with higher cortisol levels after awakening on the day after dexamethasone intake, but no
associations during days without previous dexamethasone intake [10].

Psychological Resources

Eleven articles fulfilled the inclusion criteria [26-36]. The proportion of significant associations (in any
direction) observed in the 11 papers investigating associations between different psychological resource
construct variables and cortisol was 1/9 (11%) for single measures, 2/4 (50%) for standardized baseline
measures, 4/22 (18%) for deviation measures, and 3/8 (37.5%) for AUC measures. A brief summary of the
results (indicated as a positive association, a negative association, or a nonsignificant finding) are presented
in Table 1b. Study design, statistical approach, main results and discussion for each of the 11 articles are
briefly presented in Table 2b.

Questionnaire for Competence and Control

Associations between combined measures of self-esteem and locus of control (SEC) were investigated in
three studies, based on study populations comprising 16 men, 20 men, and 52 women and men, respectively
[26,27, 31].

One study examined associations between SEC and cortisol AUC in relation to a laboratory stress test in
healthy students. An inverse association between cortisol AUC and the subscale “self-concept” (+=-0.69,
p=0.003), and a positive association between cortisol AUC and the subscale “chance” (+=0.51, p<0.05)
were observed. There were no significant associations between cortisol AUC and the subscales
“internality” or “powerful others” [26].

Two studies investigated deviations in cortisol levels during a laboratory stress test in relation to SEC in healthy
young men [27, 31]. One study reported a significant inverse effect of SEC on cortisol reactivity, i.e., low SEC
was associated with a stronger cortisol response [31]. In the other study, a significant negative effect of self-
esteem on cortisol levels was observed only in a low self-esteem/failure condition subgroup [27].

Table 1b: Summary of main findings of associations between measures salivary cortisol and psychological resources
sorted by year of publication. Note; For mastery and self esteem, first column under b4 denotes baseline levels before
stress

References | Year | Expo Design | No. m/w | Single time points | Deviation (difference/slope | AUC Suppression
cortisol (or sum/mean of between two or more time test
two or more time points)
points)
al [a2 [a3 [a4]as [b1 [62 [03 |04 o Ja [a Ja a

Self-esteem and locus of control (questionnaire of competence and control)

Pruessner | 1997 | SEC C-S 20 M
[26] scales

SC |
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INT 0
POC 0
FAT 1

Pruessner | 1999 | SEC C-S/E |52 m/w
[27]

Failure 1l

Non- 0
failure

Pruessner | 2005 | SEC C-S/E |16 M l
[31]

Locus of control

Gregg [28] | 1999 | tress test | C-S/E | 100 m/w

1. Mental /0
arithmetic
2. Cold /]
pressor
Bollini 2004 | LOC C-S/E |48 m/w
[30]
Control 1
Non 0
contro
Mastery
Kristenson | 2005 | Mastery | C-S 183 M 110
(32]
Cohen 2006 | Mastery | C-S 781 m/w 0|0 1 0
[33]
Sjogren 2006 | Mastery | C-S 257 m/w|t [0 0 0 1
[34]
Vedhara |2006 | Mastery | C-S 59 w 0 0 01l
[35]
Self-esteem
Wiist [29] | 2000 | Self- C-S 208 m/w 0 0
esteem
Kristenson | 2005 | Self- C-S/E | 183 M 010
[32] esteem
Sjogren 2006 | Self- C-S 257 m/w|0o [0 0 0 0
[34] esteem
Quirin 2008 | Self- C-S 48 w |0 0 010
[36] esteem

Sense of coherence

Kristenson [ 2005 | SOC C-S/E | 183 M l 0
[32]
Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; b1, morning; b2, midday; b3, morning to evening; b4,
laboratory test reactivity (first column)/recovery (second column); cl, morning increase/ground; c2, midday increase/ground; c3,
morning to evening increase/ground; c4, laboratory test increase/ground; d, C-S, cross-sectional; E Experimental; SC; Positive self-
concept; INT internality, POC Powerful others; FAT Chance.
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Table 2b: Studies on psychological resources sorted by year of publication

Halford et al.

References | Outcome Study design/group | Sampling Laboratory method and Statistical approach | Statistical analysis, cortisol in Results Discussion
characteristics standardization in cortisol | for cortisol measure | relation to outcome
sampling
Pruessner | SEC Design: C-S Days: 5 Salivette (Sarstedt) time- | Measurements: Spearman rank correlations c4. There was a significant Results suggest an
1997 [26] | (questionnaire of | No - 20 Samples/day: 6 ?esolved fluorescence c4. Single AUC, betwgen psychological variables | negative association between assoc_iation betwefsn
competence and . . .| immunoassay (DELFIA) | and mean and single and aggregated subscale SC (r=-0.69, p= certain psychological
. M/W: 20/0 Times for sampling: . . - . .
control; ) Late afternoon at 10- | Instructions: abstain from aggregated AUC | cortisol AUC. Cortisol AUCs 0.003) and FAT (r=0.51,p< | variables and cortisol
Krampen 1991) ZA%G- 224 years (SE min intervals starting | Physical exercise >1 h Cortisol data: - were aggregated by summation | 0.05) and mean AUC days 2-5. | responses after repeated
Subscales: 1) after an initial 10- before session, and refrain Samples used: All of single cortisol AUCs Therg were no significant exposure to psychosqmal
1. Positive self- | Group: Non- min rest period from drinks with low pH associations between gubscales stress. Data aggregation
concept (SC) smoking, drug-free Setfing: T.aborato or larger meals INT, or POC and cortisol AUC may have }ed to the )
2. Internality students, who . % TSST iyl; immediately before start of identification of a trait
(INT) reported good health | SUress tes! > session component of the state
3. Powerful Excl: - variable stress response
others control | p pate: -
(POC)
4. Chance
(FAT)
Pruessner | SEC Design: C-S Days: 1 Salivette (Sarstedt) time- | Measurements: Scores from 4 subscales b4. There was no significant Main aim was to
1999 [27] No.: 52 Samples/day: 5 resolved fluorescence b4. aggregated to one scale of self- effect of SEC on cortisol stress | investigate the interaction
: . .. | immunoassay (DELFIA) | Cortisol data: - esteem and locus of control. levels. Interaction between of a personality scale
M/W:23/29 Times for sampling: Ortiso g . . ;
: Instructions: not to . Scores higher/lower than version of TNCT and SEC on | assessing SEC and a
Age: 22.9 years (SD Session start between : Samples used: All . . . X .
L 15:00 h and 1700 h. | consume large meals or pppulatlon average assigned to 'comsol was tested: SEC was success or fallure.
2.8) Ba.seline (after .rest) " | low pH drinks 1 h prior to high/low SEC group, Spearman | inversely related to cortisol condition on cortisol
Group: Students. +15.25. 35. 45 min’ session rank correlation 3-way stress levels if the subject was in | response to stress
Subgroups: aﬁe; stalt 01’° siress ANCOVA, test of interaction the failure condition
Success/high SE (n = test effects
14) a— ;
Success/low SE (n— | Setting: Laboratory, Covariates: gender, smoking
12) two versions of the
Failurc/high SE (n= | Trier Mental
14) Challenge Test: (1)
Failure/low SE (n= | Success and (2)
12) failure condition
Excl: Current
infection, medical
treatment (not OC)
Gregg Locus of control | Design: C-S Days: 1 RIA (Coat.A-Count) Measurements: Correlational analyses. Change | b4. There was no association Main aim was to
1999 [28] | [5] No.: 100 Samples/ day: 5 b4. Change score in | scores obtained by subtracting between locus of control and investigate hemodynamic
M/W: 50/50 Times for sampling: relation to stressor | mean baseline score from mean | changes in cortisol levels profile during both active
i 40 min be forep & exposure, fortwo | observed stimulated cortisol score | induced by the mental and passive tasks
Age: Mean 20 years, stressor (baseline) different stress tests | for each stressor arithmetic test. There was a
range 17-46 years 125 min after cach of Cortisol data: - significant positive association
Grom: e | e S - bt b ol
volunteers (stimulation five response to cild ressor test.
. measure) and 45 min tlfl hieh P for ext ? !
Excl: Smoking, use | after each of the two ;m 1% ernircolres oriei( gm?th
of OCs, history of stressors (recovery ocus Of control associal 67W
CVD or circulatory measure) larger cortisol changes (r =0.22,
disorders . p<0.05)
Setting: Laboratory,
P rate: - stress test: mental
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arithmetic and cold
pressor test
Wiist Self-esteem Design: C-S Days: 2 Salivette (Sarstedt) time- | Measurements: Pearson correlations. 3-way bl, cl. No significant Aim was to investigate
2000 [29] | (Rosenberg ) No.: 208 Samples/day: 8 resolved immunoassay bl. Mean increase | ANOVA. High vs low self- associations between self- genetic influence on
M/W: 94/114 Times for sampling: with fluorescence detection | in cortisol after esteem groups based on median | esteem and mean increase in cortisol response to
) 1. Cortisol res ll))on si' (DELFIA) awakening split (ANOVA) cortisol after awakening or awakening, and the
‘:g;S 19.6 (8-64) © awakening: Instructions: not tobrush | ¢1. AUC AUC relationship between
¥ o awake, +30,45, 60 | teeth before having awakening b1. No significant interaction: | Several psychological
Group: Medication- min completed morning response time x self-esteem group (high Vanables anq early
free (except for OCs) | Day-time cortisol: | sampling. Food intake 10 | Cortisol data: - vs low) morning cortisol levels
adultand Chqd WIS | 0g:00 h, 11:00 h, min before sampling and | Samples used:
Subgroup: Highvs | 15:00 h, 20:00 h smoking on test days was | Morning samples
low self-esteem Settine: not allowed
i etting: Ambulatory,
Excl: - weekend
P rate: -
Bollini Locus of Design: C-S Days: 1 Lemon crystals to induce | Measurement: Correlations b4. Participants did not differ in | Main aim to investigate
2004 [30] | control. ANSIE | N .- 48 Samples/day: 12.4 | saliva. Cotton ball, placed | b4. Reactivity: cortisol levels as a function of | influence of perceived
M/W: 7/41 baseline samples, +1 | in specimen tube. Material | change in cortisol their LoC orientation (r =-0.28, | control on biological and
)} baseline sample and procedures by Incstar | from baseline to p = 0.08). When only believers | subjective stress
Age: 19.4 years (SD before and 3 stress | Corp. Asked to refrain post-stress- (n=31) were included in responses. LOC perceived
13) induction samples from alcohol, caffeine, induction task analyses, individuals with more | as a potential moderator
Group: Students +6, 12, 18 min after smoking and exercising Cortisol data: - internal LOC had a more
Subgroup: each stress induction | figorously beginning from Samples used: pronounced cortisol decline in
Categorized as . . night before participation ’ the PC condition (r=0.29, p <
g Times for sampling: .
believers/non- 09:00 h 0.01). In NC condition there
i ’ were no differences in cortisol
behe\{ers based on Setting: Laboratory related to LOC scores. Those
experience of control siress fest X 2: noise h - | L(jC
i : with more interna
m PC. . . + math test (PASAT) d to be less biologicall
condition/belief that with (PC), and appeared to be less biologically
ive i > stressed in the PC condition
b el | o (R
oise g control option
Excl: -
P rate: -
Pruessner | Self-esteem Design: C-S Days: 1 day Salivette time-resolved Measurements: Each sample was split into b4. There was a significant main | Low self-esteem and locus
2005 [31] | (Rosenberg), No.: 16 Samples per day: 7 fluorescence immunoassay | b4. groups with high or low scores on | effect of SEC on cortisol stress | of control predicted a
locus of control M/W: . L Cortisol data: - self-esteem and internal locus of | response. Low SEC individuals | higher cortisol response
(Krampen 1991) +16/0 :I'3l(r)nes for sampling: Samples used: All control: referred to as high vs low | showed a significantly larger when exposed to a
Age: 20-26 years _20’ 0.20. 40. 50. 60 7 sanp1 los ) SEC. k-means cluster analysis. cortisol response to a stressful | psychosocial stressor
Group: healthy e T P ANOVA situation (F = 6.53, p <0.05).
Subgroup: min in relation to Self-esteem correlated highl;
Hig]%rSEIé: High self- onS§t of MIST with internal locus of congtro%,(r
esteem and locus of | Setting: Laboratory, =0.67, p <0.001), but not with
control scores stress test (MIST) external locus of control (p =
Low SEC: vice versa >0.20)
Excl: current
depression, history of
psychiatric illness or
head trauma
P rate: -
Kristenson | Mastery, self- Design: C-S Days: 1 RIA (Coat-A-Count). Measurements: Partial correlation analyses b4. Significant negative Main aim to investigate
2005 [32] | esteem (Pearlin | N .- 183 Samples per day: 2 Participants came fasting | b4. Baseline levels Confounding/covariates: correlation between SOC, and | associations between self
1978), sense of M/W: 183/0 Titmes for sampling: after a night’s sleep in relation to stress | Residence, starting time of stress | Mastery with baseline cortisol | rated health and
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sample

Excl:

P rate: 61% response
rate in initial health
survey. Random
sample of 400
individuals invited.
64.5% responded
(257/400)

Setting: Ambulatory,
workdays

fasting

awakening, and
+30 min samples
b3. Arithmetic
difference between
awakening and +30
min, respectively,
and evening values
Cortisol data: Log-
transformed
Samples used: All
samples

medication, smoking, alcohol
entered as covariates

associations between mastery
and cortisol at +30 min, and
evening sample)

b1. No significant association
between mastery and
awakening response

b3. Significant positive
association between mastery
and diurnal deviation measured
as difference between
awakening and evening (r =
0.13, p <0.05), but not when
measured as +30 min after
awakening-evening sample (p <
0.10)

Self-esteem:
al, a2, a4, bl, b3. No significant

coherence Age: 50 years Baseline (after pre- test, and arithmetic | test, smoking levels (r= psychosocial resources,
(Antonovsky Group: Population- | test rest) and 40 min difference between -0.18 and -0.16, p=0.02 and and psychosocial strain
1984) based, random after start of stress cortisol stress 0.04, respectively), but no
sample test response and significant associatign between
Excl: Systolic BP Setting: Laboratory, baseline levels sclf—gstccm and cortisol at
>160 mmHg, weekday Cortisol data: - baseline. There were no
diastolic BP >105 TSST: Stress test Samples used: All gl(g)rgﬁrc:zlsttzorrsrlzt;;)fr_l Zsl:ivrvneen
mmHg, acute MI and | start at either 07.30 h samples and c,o rtisol ?;mnge score at _:_ 40
stroke <3 months or 09.30 h, weekday min
prior to test, unstable
angina pectoris,
untreated diabetes
P rate: 183/210
included in stress test
Cohen Mastery (Pearlin | Design: C-S Days: 1 Salivette, cotton roll Measurements: Partial correlations a3, a4. There were no Main aim to investigate
2006 [33] | 1978) No.: 781 Samples per day: 6 (Sarstedt). Timejresolved a3. 8 hafter Covariates: Sex, race, age, BMI, | significant associations between | associations between SES
M/W: 328/453 Times for sampling: immunoassay with awakening awakening time, time since mastery and cortisol sgmpled 8 | and cortisol
) Awakening. +45 ﬂuoro_metnc end point a4. 12 h- after awakening h or 12 h after gwakemng, or
Age: 39.95 years (SD min. 2.5 hgi’; h12h detection awakening and just before bedtime
365) afte; a;vak’enirig and | Instructions: Not to eat, right before going b3. There was a significant
Group: Randomly at bedtime ’ brush teeth or drink liquid | to bed inverse association (r =-0.12, p
selected . for at least 15 min before | b3- Diurnal slope < 0.05) between mastery and
Excl: Blind, deaf, Setting: Ambulatory, sampling. Provided with | calculated by fitting diurnal slope
mute, retarded, weekday alarm watches to remind | @ linear regression ¢3. No significant association
unable to walk on them to collect samples, line between AUC and mastery
treadmill, pregnant, instructed to record 3. AUC
awakening after awakening and sampling | Cortisol data: Log
11:00 h times transformed
P rate: 838/1336 Samples used: 8 h,
invited agreed to 12 h, and bedtime
participate (62.6%)
Sjogren Mastery, self- Design: C-S Days: 3 Salivette (Sarstedt) time- | Measurements: Partial correlation analyses. Mean | Mastery: In population-based
2006 [34] | esteem (Pearlin | No.- 257 Samples per day: 3 resolved fluorescence al. Awakening values of the three days, for each | al. Significant positive sample of middle-aged
1978) M/W: 129/128 Times for sampling: detection a2. +30 min after | sampling time association between mastery women and men, higher
b Awakening. 430 " | Instructions: Fill in exact awakcnipg Cortisol: Log-transformed and cortisol at awakening (r = mastery was ass'ociated
Age: 30-64 years : "o time of sampling and a4. Evening . 0.13,p<0.05) with a steeper diurnal
Group: Random min, before going to kening. Instructi bl. Arithmetic Confour}derg. Age, gender, 22. ad. No sienificant cortisol slope
population-based bed e e TSTUCTONS of difference between awakening time, regular e
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association between self-esteem
and cortisol in group as a whole

b3. In women, but not in men,
there was a direct significant
correlation between self-esteem
and diurnal deviation
(awakening-evening) (r=0.21,
p=0.02)

Age: 33.9 years (SD
8.4)

Group: Working non-
menopausal women
on OCs

Excl: Smoking,
cortisone or
psychotropic
medication,
psychiatric disorders,
alcohol abuse,
symptoms of
common cold, age
<20 or >45 years

P rate: -

(2) Stress test: 2
samples/1 day
Sampling times: (1)
Awakening, +30, 45,
60, 75 min

(2) Stress test start
14:00 h: 20 min
before and 25 min
after onset of stress
test

Setting: Ambulatory,
workdays, and
laboratory stress test
(exposure to
uncontrollable noise)

exposure monitor for
monitoring sampling time.
Asked not to brush teeth,
have breakfast during the
sampling period, or to rinse
mouth after eating or
drinking and waiting 5 min
before taking a sample

awakening: (max
individual cortisol
increase during 1st
hour after
awakening)

b4. Baseline and
increase in cortisol
response to stress
test

Cortisol data:
Samples used:

awakening, at baseline before
stress test, or with cortisol
increase in response to stress
test

Vedhara | Mastery (Pearlin | Design: C-S Days: 2 Salivette (Sarstedt). RIA. | Measurements: Pearson’s correlations. Linear bl, b3. There were no Greater mastery was

2006 [35] | 1978) No.: 59 Samples/ day: 4 Asked to refrain from bl. Difference regression: a linear slope was significant associations between | associated with lower
M/W: 0/59 Times for sampling: eating or drinking within | cortisol ;*—30 min- | calculated for all participants with masFery and axyakening cortisol | basal cortisol levels over

) . Awakening. 430 " | 30 min of sampling and to | awakening 3 measures (awake, before lunch, | or diurnal cortisol rhythm the day (AUCgrouna)-

Age: 53 years (SD min. be forf,lunch note on each salivette exact | b3, Linear slope and evening) ¢3. There was a significant Literature on the HPA axis
10) ' late at night (at least | time of sampling calculated negative association between | activity and mastery is
Group: Healthy 2 afier evening 3. AUCounes mastery and AUCgounq (1= - limited. Results -
controls randomly meal) AUC, 0.29, p <0.05), but no underscore the differing
sampled . e significant association between | nature of the selected
Excl: History of Setting: Ambulatory Cortisol data: Log- AUC e and mastery cortisol indices. There was
cancer, samples transformed a trend for trait measures
collected more than Samples used: All to achieve prominence
30 min outside of over mood measures
specified time
P rate: 59/64 who
agreed to participated

Quirin Self-esteem Design: C-S Days: 2+ 1 Salivette (Sarstedt) time- | Measurements: Spearman correlation al, bl, b4. There were no Main aim of study was to

2008 [36] | (Rosenberg) No.: 48 Samples per day: resolved immunoassay al. Awakening significant correlations between | investigate associations
M/W-: 0/48 (1) 2 days: 5/day with fluorescence bl. Cortisol self-esteem and cortisol at between attachment styles

) detection. Electronic drug | response to awakening, increase after and cortisol

Abbreviations: ANSIE, Adult Nowicki Strickland internal external control scale; BP, blood pressure; MI, myocardial infarction; PC, Perceived control; SEC, self-esteem and locus of control
(questionnaire of competence and control; Krampen 1991).
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Locus of Control

Analyses of associations between LoC and cortisol were investigated in two studies, based on study
populations of 100 and 48 healthy volunteers and students (women and men), respectively [28, 30].

Both studies investigated cortisol response to a laboratory stress test. In one study, LoC was inversely
associated with cortisol reactivity to the cold pressor test, i.e., higher scores for internal LoC were
associated with poorer cortisol response (=0.22, p<0.05), but there were no significant associations
between LoC and cortisol response to a mental arithmetic test [28]. In the second study, no significant
associations were observed between LoC and cortisol levels in relation to a stress induction task based on
exposure to aversive noise and a working memory math test (+=-0.28, p=0.08). However, when comparing
participants in a perceived control and a non-control condition, internal locus of control in the perceived
control condition was associated with a stronger cortisol response (»=0.29, p<0.01) while in non-control
condition, cortisol response did not vary as a function of locus of control [30].

Mastery

Associations between mastery and cortisol (single time point measures, deviation measures, and cortisol
AUC) were investigated in four studies based on normal populations consisting of 183 men [32], 781
women and men [33], 257 women and men [34], and 59 women [35].

Associations between mastery and single time point measures were investigated in two studies (five measures)
[32, 34]. In one of these studies, a significant positive association between mastery and cortisol at awakening
was reported (#=0.13, p<0.05) [34]. Single cortisol measurements based on morning, afternoon, and evening
samples, were not statistically significantly associated with mastery in either of the two studies [32, 34].

All four studies investigated associations between mastery and deviation measures [32-35]. Two studies
examined associations between mastery and morning deviation; none of these were significant [34, 35].
Three studies investigated associations between mastery and diurnal deviation, of which two studies
reported significant positive associations between mastery and diurnal slope (»=0.12, p<0.05) [33], (»=0.13,
p<0.05) [34], and one study found no significant associations [35].

One study investigated cortisol response in relation to laboratory stress, and reported an inverse association
between mastery and baseline cortisol (r=-0.16, p=0.04), with no significant associations observed between
mastery and cortisol reactivity [32].

Associations between mastery and cortisol AUC based on several samples over the day were investigated in
two studies [33, 35]. One study found no significant associations between mastery and cortisol AUCgound
[33]; the other study reported an inverse association between mastery and AUC with respect to ground (r=-
0.29, p<0.05) but not to AUC with respect to increase [35].

Self-Esteem

Associations between cortisol and self-esteem were investigated in four studies, based on study populations
of 208 women and men [29], 183 men [32], 257 women and men [34], and 48 women [36].

None of the studies reported any significant associations between self-esteem and cortisol. Two studies
reported analyses based on single time point measures at awakening, one of which also included an evening
measure [34, 36]. All four studies investigated associations between self-esteem and cortisol deviation
measures [29, 34, 36], three of which investigated deviations in morning or morning-evening cortisol
levels; two studies investigated cortisol deviation in relation to a laboratory stress test. One study reported
results based on analyses of associations between self-esteem and awakening cortisol AUCqqunq levels.

Sense of Coherence

One study, based on a study population of 183 men, investigated associations between sense of coherence
and salivary cortisol [32]. Analyses were based on a laboratory stress test. Inverse significant associations
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between sense of coherence and baseline levels of cortisol (r=-0.18, p=0.02) before a laboratory stress test,
and no significant associations between sense of coherence and cortisol reactivity to the laboratory stressor
were reported.

DISCUSSION
Perceived Stress

There is a large proportion (more than half of the studies) of nonsignificant findings among the statistical
analyses reported. However, the largest proportion of significant findings was seen for the AUC measure
with significant associations for 38% of the studies (3/8 papers); negative associations were found in two
studies (morning AUC) and a positive association in one study (morning AUC with respect to ground). For
diurnal deviation measures, 44% were significant or marginally significant; three of these had a negative
association with diurnal deviation.

The inconsistency found for diurnal deviation arose from one study with marginally significant results,
suggesting that stronger diurnal deviation is related to high PSS. Two studies showed the opposite findings.
The positive associations were seen among healthy controls in a case-control study of patients with breast
cancer (in which the patients showed flat diurnal deviation) [14]; while negative associations were seen
among people in a stressful context. Significant findings were reported for employees in a primary school,
who the authors characterized as being under “chronic stress” [20] and among African women with
internalized racism [15]. Marginally significant findings were reported among Colorado ranchers [24].
These data do underpin the importance of subject’s earlier experiences and context when evaluating cortisol
response to an acute stress.

This relationship between long-term and acute stress is discussed in several of the papers in which the nature of
the PSS scale was discussed as a potential explanation for the lack of significant findings. Van Eck et al. [8]
suggest that individual differences in current distress, especially anticipatory distress, may be more important
determinants of cortisol secretion than PSS level, because the latter is a measure of more long-term distress.
This is also in agreement with Schwartz et al. [13] and Putterman et al. [17], who discuss that PSS may not
reflect current stressful events but, rather, stress levels over the previous month; the cortisol sampling may
reflect changes in HPA activation over approximately 30 min. Thus, the PSS may tap stress more generically,
and may not be so sensitive to the more subtle demands associated with cortisol levels.

Hellhammer et al. [37] concluded that a missing or poor association between perceived stress and salivary
cortisol is not surprising, considering the complex interplay of neurobiological events that link perceived
stress to HPA activation. Methodological difficulties related to the assessment of perceived stress by self-
report instruments are also mentioned as possible explanations for a lacking covariance of perceived stress
and salivary cortisol. Because several additional variables, such as adrenal sensitivity, capacity, and cortisol
binding, also affect salivary cortisol levels, perceived stress can only be expected to be moderately
associated with cortisol.

We could not find any apparent similarities for study design or methods, either in the studies that found
significant associations or in the studies that failed to show effects. In several of the papers, the analyses of
associations between cortisol and PSS were not the primary aim. Hence, the lack of significant results was
sometimes not further discussed.

Although the present review gives little empiric support to the hypothesis that PSS is related to HPA
activity, earlier studies have demonstrated that chronic stress does affect an individual’s ability to respond
to acute stress [8].

Psychological Resources

Based on the inclusion and exclusion criteria adopted, 11 studies were identified in which direct
associations between cortisol in saliva and psychological resource constructs were investigated.
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Most of the statistical analyses on associations between different measures of cortisol and psychological
resource constructs were nonsignificant. This was especially so for single time point measures and for the
resource construct self-esteem. Associations between psychological resource constructs and a standardized
single measurement, in terms of baseline measures before stress testing, were reported in two studies, in
one of which mastery and SOC were significantly associated with lower baseline cortisol levels [32]. There
were no associations observed between cortisol and self-esteem in either study [32, 36].

Regarding deviation measures, 0/5 measures of Cortisol Awakening Response (CAR) were significant for
mastery and self-esteem alike. For diurnal deviation measures, 2/3 studies reported significant associations
with mastery. In two studies, higher levels of mastery were associated with a steeper cortisol diurnal slope
(one study of 781 participants based on results from one sampling day [33], and one study of 257
participants based on three sampling days [34]) and nonsignificant findings for self-esteem. In laboratory
stress testing, 2/9 analyses were significant, both showing an inverse association between psychological
resources and cortisol response, one for SEC and one for LoC [28, 31].

Thus, consistencies in results on the one hand relate to nonsignificant results regarding associations
between psychological resources and cortisol levels based on single time point measures or CAR. On the
other hand, consistencies are seen for significant findings of lower cortisol at standardized rest for baseline,
and for steeper diurnal deviation measures.

The present studies highlight a number of methodological issues of potential importance for further
investigations on associations between psychological resources and cortisol. Cortisol is secreted in response
to the daily life cycle of activity and rest and in response to internal and external stressors. The sensitivity
of the HPA axis to internal and external events is reflected in large intra- as well as inter-individual
variability of cortisol [37, 38]. Most of the studies identified were based on relatively small study
populations. Power calculations were generally not presented, and whether or not nonsignificant results are
due to lack of power or lack of effect size can not be determined. All studies on psychological resources
were on normal populations, and thus medical conditions of participants did not seem to explain any of
observed differences in results.

Aggregation of cortisol data over several days has been demonstrated to lead to increasingly consistent
patterns in associations between psychological measures and cortisol, and it is suggested that data
aggregation is needed for identification of the trait component of the stress response [26, 38]. In a recent
study on the reliability of CAR, the results suggest that measurements during 2 days are necessary for
reliable AUC with respect to ground measures, and 6 days are necessary to achieve reliable AUC with
respect to increase measures, with state factors biasing data based on single day measures [38]. In parallel,
in studies of diurnal deviation, evidence of increased reliability of results was seen comparing mean values
over 3 days compared with single day values [26]. Of the six studies using ambulatory saliva sampling,
three studies sampled over 1 or 2 days.

In two of the studies, nonsignificant results were reported for associations between psychological resources
and cortisol in the study population as a whole. Significant associations were observed in the subgroup
analyses [27, 30], in one study, only if the subject was in a failure condition [27], and in another study, only
among participants who believed they were in control of the laboratory stressor [30].

CONCLUSIONS

For both PSS and for psychological resources, most results of associations with saliva cortisol were
nonsignificant particularly for single measures and for cortisol awakening response. For PSS the largest
proportion of significant findings (38%) was seen for morning AUC, however with conflicting results. For
psychological resource constructs, mastery and sense of coherence were related to lower cortisol level at
baseline in standardized rest and high mastery was related to steeper diurnal slope in two studies. For self-
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esteem, no associations showed significant results. Differences in results may to a large extent be dependent
on theoretical assumptions made and methods used.

REFERENCES

(1]

(2]

[8]
[9]
[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

Mason JW. A review of psychoendocrine research on the pituitary-adrenal cortical system. Psychosom Med
1968; 30(Suppl): 576-607.

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav 1983; 24: 385-
96.

Burger JM. Personality. Thomson Wadsworth; 2004, pp. xvi, 558 p.

Bowling A Measuring health : a review of quality of life measurement scales. Open University Press; 2005, pp.
xii, 211 p.

Rotter JB. Generalized expectancies for internal versus external control of reinforcement. Psychol Monogr 1966;
80: 1-28.

Pearlin LI, Lieberman MA, Menaghan EG, Mullan JT. The stress process. J Health Soc Behav 1981; 22: 337-56.
Antonovsky A Unraveling the mystery of health : how people manage stress and stay well. Jossey-Bass; 1987,
pp. Xx, 218 p. p.

van Eck MM, Nicolson NA, Berkhof H, Sulon J. Individual differences in cortisol responses to a laboratory
speech task and their relationship to responses to stressful daily events. Biol Psychol 1996; 43: 69-84.

van Eck M, Berkhof H, Nicolson N, Sulon J. The effects of perceived stress, traits, mood states, and stressful
daily events on salivary cortisol. Psychosom Med 1996; 58: 447-58.

Pruessner JC, Hellhammer DH, Kirschbaum C. Burnout, perceived stress, and cortisol responses to awakening.
Psychosom Med 1999; 61: 197-204.

Nicolson NA, van Diest R. Salivary cortisol patterns in vital exhaustion. J Psychosom Res 2000; 49: 335-42.
Edwards S, Hucklebridge F, Clow A, Evans P. Components of the diurnal cortisol cycle in relation to upper
respiratory symptoms and perceived stress. Psychosom Med 2003; 65: 320-7.

Schwarz KA, Dunphy G. An examination of perceived stress in family caregivers of older adults with heart
failure. Exp Aging Res 2003; 29: 221-35.

Abercrombie HC, Giese-Davis J, Sephton S, Epel ES, Turner-Cobb JM, Spiegel D. Flattened cortisol rhythms in
metastatic breast cancer patients. Psychoneuroendocrinology 2004; 29: 1082-92.

Tull ES, Sheu YT, Butler C, Cornelious K. Relationships between perceived stress, coping behavior and cortisol
secretion in women with high and low levels of internalized racism. J Natl Med Assoc 2005; 97: 206-12.

Thorn L, Hucklebridge F, Evans P, Clow A. Suspected non-adherence and weekend versus week day differences
in the awakening cortisol response. Psychoneuroendocrinology 2006; 31: 1009-18.

Putterman E, Linden W. Cognitive dietary restraint and cortisol: importance of pervasive concerns with
appearance. Appetite 2006; 47: 64-76.

Gallagher-Thompson D, Shurgot GR, Rider K, Gray HL, McKibbin CL, Kraemer HC, et al. Ethnicity, stress,
and cortisol function in Hispanic and non-Hispanic white women: A preliminary study of family dementia
caregivers and noncaregivers. Am J Geriatr Psychiatry 2006; 14: 334-42.

Wahbeh H, Kishiyama SS, Zajdel D, Oken BS. Salivary cortisol awakening response in mild Alzheimer disease,
caregivers, and noncaregivers. Alzheimer Dis Assoc Disord 2008; 22: 181-3.

Farag NH, Moore WE, Lovallo WR, Mills PJ, Khandrika S, Eichner JE. Hypothalamic-pituitary-adrenal axis function:
relative contributions of perceived stress and obesity in women. ] Womens Health (Larchmt) 2008; 17: 1647-55.
Lasikiewicz N, Hendrickx H, Talbot D, Dye L. Exploration of basal diurnal salivary cortisol profiles in middle-aged
adults: associations with sleep quality and metabolic parameters. Psychoneuroendocrinology 2008; 33: 143-51.
Simpson EE, McConville C, Rae G, O'Connor JM, Stewart-Knox BJ, Coudray C, et al. Salivary cortisol, stress
and mood in healthy older adults: the Zenith study. Biol Psychol 2008; 78: 1-9.

O'Connor DB, Hendrickx H, Dadd T, Elliman TD, Willis TA, Talbot D, et al. Cortisol awakening rise in middle-
aged women in relation to psychological stress. Psychoneuroendocrinology 2009; 34: 1486-94.

Schulze E, Laudenslager M, Coussons-Read M. An exploration of the relationship between depressive
symptoms and cortisol rthythms in Colorado ranchers. J Rural Health 2009; 25: 109-13.

Mondelli V, Dazzan P, Hepgul N, Di Forti M, Aas M, D'Albenzio A, et al. Abnormal cortisol levels during the
day and cortisol awakening response in first-episode psychosis: the role of stress and of antipsychotic treatment.
Schizophr Res 2010; 116: 234-42.



86 The Role of Saliva Cortisol Measurement in Health and Disease Halford et al.

[26] Pruessner JC, Gaab J, Hellhammer DH, Lintz D, Schommer N, Kirschbaum C. Increasing correlations between
personality traits and cortisol stress responses obtained by data aggregation. Psychoneuroendocrinology 1997;
22: 615-25.

[27] Pruessner JC, Hellhammer DH, Kirschbaum C. Low self-esteem, induced failure and the adrenocortical stress
response. Pers Ind Dif 1999 ;27: 477-89.

[28] Gregg ME, James JE, Matyas TA, Thorsteinsson EB. Hemodynamic profile of stress-induced anticipation and
recovery. Int J Psychophysiol 1999; 34: 147-62.

[29] Woust S, Federenko I, Hellhammer DH, Kirschbaum C. Genetic factors, perceived chronic stress, and the free
cortisol response to awakening. Psychoneuroendocrinology 2000; 25: 707-20.

[30] Bollini AM, Walker EF, Hamann S, Kestler L. The influence of perceived control and locus of control on the
cortisol and subjective responses to stress. Biol Psychol 2004 ;67: 245-60.

[31] Pruessner JC, Baldwin MW, Dedovic K, Renwick R, Mahani NK, Lord C, et al. Self-esteem, locus of control,
hippocampal volume, and cortisol regulation in young and old adulthood. Neuroimage 2005.

[32] Kristenson M, Olsson AG, Kucinskiene Z. Good self-rated health is related to psychosocial resources and a
strong cortisol response to acute stress: the LiVicordia study of middle-aged Men. Int J Behav Med 2005; 12:
153-60.

[33] Cohen S, Schwartz JE, Epel E, Kirschbaum C, Sidney S, Seeman T. Socioeconomic status, race, and diurnal
cortisol decline in the Coronary Artery Risk Development in Young Adults (CARDIA) Study. Psychosom Med
2006; 68: 41-50.

[34] Sjogren E, Leanderson P, Kristenson M. Diurnal saliva cortisol levels and relations to psychosocial factors in a
population sample of middle-aged Swedish men and women. Int J Behav Med 2006; 13: 193-200.

[35] Vedhara K, Tuinstra J, Miles JN, Sanderman R, Ranchor AV. Psychosocial factors associated with indices of
cortisol production in women with breast cancer and controls. Psychoneuroendocrinology 2006; 31: 299-311.

[36] Quirin M, Pruessner JC, Kuhl J. HPA system regulation and adult attachment anxiety: individual differences in
reactive and awakening cortisol. Psychoneuroendocrinology 2008; 33: 581-90.

[37] Hellhammer J, Fries E, Schweisthal OW, Schlotz W, Stone AA, Hagemann D. Several daily measurements are
necessary to reliably assess the cortisol rise after awakening: state- and trait components. Psychoneuroen-
docrinology 2007; 32: 80-6.

[38] Kudielka BM, Hellhammer DH, Wust S. Why do we respond so differently? Reviewing determinants of human
salivary cortisol responses to challenge. Psychoneuroendocrinology 2009; 34: 2-18.

© 2012 The Author(s). Published by Bentham Science Publisher. This is an open access chapter published under CC BY 4.0 https://creativecommons.org/licenses/by/4.0/legalcode


https://creativecommons.org/licenses/by/4.0/

The Role of Saliva Cortisol Measurement in Health and Disease, 2012, 87-115 87

CHAPTER 5

Biological Markers and Salivary Cortisol

0 * . .
Ase Marie Hansen" , Lars-Gunnar Gunnarssonz, Anette Harr1s3, Nanna Hurwitz
Eller4, Peter Garvin® and Anne Helene Garde®

!Senior reseacher at the National Research Centre for the Working Environment, Lerso Parkallé 105, 2100
Kobenhavn @, Copenhagen, Denmark; *“Medical Doctor in Occupational and Environmental Medicine at
Orebro, University Hospital, Orebro, Sweden; *Researcher at Uni Health and Department of Psychology,
Bergen University, Bergen, Norway; *Medical Doctor in Occupational and Environmental Medicine at
Bispebjerg Hospital, Copenhagen, Denmark; *Post-doc at the Department of Medical and Health Sciences,
Linképing University, Sweden and °Senior reseacher at the National Research Centre for the Working
Environment, Copenhagen, Denmark.

Abstract: This chapter focuses on salivary cortisol in relation to biological markers. Specifically,
associations with conventional cardiovascular risk factors and metabolic abnormalities (body mass index,
waist circumference, waist/hip ratio, lipid status, glucose, blood pressure, heart rate and heart rate
variability), markers related to inflammation (C-reactive protein, cytokines and tumor necrosis factor-alpha)
and other stress hormones (adrenaline and noradrenaline) were studied. The focus was on healthy adult
populations; studies on patient populations and pregnant women were excluded. Studies on genome
variations and pharmacological interventions were also excluded. After meeting all exclusion criteria, 42
papers remained. In total, 273 associations between salivary cortisol and any of the markers mentioned were
studied, comprising 241 associations on metabolic abnormalities, 30 on inflammation, and 2 on stress
hormones. Of the salivary cortisol measures reported for evaluations of all markers tested were 136 (49%)
single time points, 100 (37%) deviations, 36 (13%) AUC, and 1 (1%) dexamethasone test. Of these, 72
(26%) were statistically significant, and 201 (74%) indicated non-significant findings.Several of the markers
tested showed low or no association with any of the measurements of salivary cortisol. The number of
studies exploring the association between cortisol in saliva and markers for inflammation is low, which
limits the possibility of interpretation. The number of studies on adrenaline and noradrenaline is also low.
To sum up, the proportion of non-significant findings was considerable. This may be due to a large number
of studies with relatively small study populations. This is true for metabolic abnormalities, markers related
to inflammation as well as other stress hormones. Further studies on inflammatory markers and approaches
designed to study variability in other systems in relation to cortisol variability are required.

Keywords: Salivary cortisol, body mass index, waist circumference, waist/hip ratio, lipid status, glucose,
blood pressure, heart rate, C-reactive protein, cytokines, adrenaline, noradrenaline.

INTRODUCTION

In the last decade, the technique of using ambulatory saliva sampling has become increasingly popular in
field research and clinical studies. The non-invasive method is easy to administer and analyze, and
therefore allows implementation in large-scale study designs. However, as with other biological,
behavioral, and psychological measurements, the possibility of answering any research question is
dependent on when and how measurements are made. Cortisol has considerable day-to-day and diurnal
variation. Therefore, a fair number of saliva samples are needed to illustrate the general capacity of the
Hypothalamic-Pituitary-Adrenal (HPA) axis. The HPA axis, a major part of the neuroendocrine system,
controls physiologic response to stress and regulates many bodily processes, including digestion, the
immune system, mood and emotions, sexuality, and energy storage and expenditure [1, 2].

Allostasis is the process of achieving stability, or homeostasis, through physiologic or behavioral change
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[3, 4]. This can be carried out by means of alteration in HPA axis hormones, the autonomic nervous system,
cytokines, or a number of other systems. A shift in the HPA axis is generally adaptive in the short term [5].
However, it has been suggested that a long-term shift may have deleterious health effects [3, 4]. In particular,
alterations in the HPA axis have been suggested as a plausible mechanism linking stress with metabolic
abnormalities [6]. It has also been suggested that the immunoregulating effects of cortisol may be diminished
by a long-term increase in cortisol levels [7]. Further, it has been suggested that a flat diurnal curve (low
decrease from morning to evening and high evening values) may represent alack of recovery or sustained
activation that may be associated to negative health outcome [8, 9], whereas a high as well as a low awakening
response may reflect the individuals expectations to the upcoming day [8, 10]. The effects of cortisol are well
described in several experimental studies, but it is unclear to what extent salivary cortisol in observational
studies mirrors other biological measures associated with metabolic abnormalities or inflammation.

This chapter primarily aims to describe associations between measures of cortisol in saliva and other
biological markers in non-clinical settings. We have focused on markers related to metabolic abnormalities
(with particular interest in cardiovascular risk factors), inflammation, and other stress hormones. The
evaluation of the literature was based on single cortisol measurements, the sum or mean over the day,
diurnal variability, Cortisol Awakening Response (CAR), Area Under the Curve (AUC), reactivity and
recovery from stress tests and the dexamethasone suppression test.

AIM

To examine to what extent associations between cortisol measurements and other biological measures can
be found, and which of the measurements are of highest relevance. The evaluation of the literature was
based on the following question: is it possible that the seemingly divergent results of the studies involving
cortisol assessments and biological markers are functions of differences in the theoretic assumptions made
and methods used.

METHOD
Search Strategies

In a first step, an online search of the NCBI PubMed database (National Library of Medicine, National
Institutes of Health, Bethesda, MD, USA-http://www.ncbi.nlm.nih.gov/PubMed) was conducted. The
search covered the time period up to October 2009 (allowing e-publications if a full paper was published
electronically prior to journal publication). Search terms were selected with reference to relevant PubMed
terms and key words (see detailed description for each of the biological markers below), in combination
with salivary cortisol in its truncated form (“saliva*”). The limitations were set only to include studies
matching “Human”, “English” and “Adults” (aged 19 years old or more).

In a second step, studies on patient populations were excluded (e.g., cancer, diabetes, and major depressive
disorder). Studies on genome variations, pregnant women, and pharmacological interventions were also
excluded.

In a third step, all articles retrieved from each search were briefly read. If no direct statistical analysis
between salivary cortisol and the explored biomarker were presented in tables, figures, or text, the paper
was excluded. Intervention studies (other than pharmacological) were included if associations with the
biomarker of interest were present before the intervention. However, the effects on salivary cortisol in
response to the intervention are not included in this review. Papers were also excluded if another (prior)
publication from the same study material was already included in the evaluation.

Body Mass Index

The term “body mass index” in combination with truncated salivary cortisol yielded 110 hits. In addition, 8
hits were found in the search using “metabolic.” After meeting all exclusion criteria, the final number of
papers was reduced to 24.
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Waist Circumference

The term “waist circumference” in combination with truncated salivary cortisol yielded 13 hits. In addition,
3 hits were found in the search using “metabolic”, giving 16 papers. Of these, 7 papers remained after
exclusion.

Waist/Hip Ratio

To identify papers on cortisol in relation to cholesterol, the following search terms were used in
combination with truncated salivary cortisol: “waist hip ratio” (16 hits), “waist-hip ratio” (16 hits, same as
previous), “waist-to-hip” (19 hits, of which all was covered by the previous mentioned), and “WHR” (14
hits, all of which were included in the previous searches). In addition, 3 papers from the search on body
mass index were included, as they presented associations between waist/hip ratio and cortisol. In total, 38
unique papers were identified in the first step. After meeting all exclusion criteria, the final number was
reduced to 11 papers.

Cholesterol

To identify papers of cortisol in relation to cholesterol, the following search terms were used in
combination with truncated salivary cortisol: “cholesterol” (29 hits), “HDL” (18 hits, of which one was not
covered by the previous search terms), “LDL” (8 hits, of which one was not covered by the previous search
terms), “lipids” (56 hits), , “metabolic” (81 hits), “metabol*” (8 hits) and “metabolite” (12 hits) and
“apolipoprotein” (4 hits). In total, 131 unique papers were identified in the first step. After meeting all
exclusion criteria, the final number was reduced to 6 papers.

Triglycerides

To identify papers on cortisol in relation to triglycerides, the search term “triglycerides” was used in
combination with truncated salivary cortisol (20 hits). “TG” as a search term did not yield any extra papers.
In addition, 3 papers from the search on cholesterol were included, as they presented associations between
triglycerides and cortisol. In total, 23 unique papers were identified in the first step. After meeting all
exclusion criteria, the final number was reduced to 5 papers.

Plasma or Blood Glucose

To identify papers on cortisol in relation to triglycerides, the search term “glucose” was used in
combination with truncated salivary cortisol (68 hits); “blood sugar” as a search term did not yield any
extra papers. After meeting all exclusion criteria, the final number was reduced to 5 papers.

Blood Pressure

To identify papers on cortisol in relation to blood pressure, the search term “blood pressure” (216 hits) was
used in combination with truncated salivary cortisol. “hypertens*” (11 hits) was also used. In total, 224
unique papers were identified in the first step. After meeting all exclusion criteria, the final number was
reduced to 14 papers.

Heart Rate

To identify papers on cortisol in relation to heart rate, the search term “heart rate” was used in combination
with truncated salivary cortisol (270 hits). Almost all those met the exclusion criteria. The final number was
reduced to 3 papers.

For several of the parameters mentioned above, two additional papers were found [11, 12]. These two,
conducted within the same research group, used a method of measuring cortisol that could not be fitted into
the overview of the cortisol measurements used in this book. For that reason, these are excluded from the
overview. However, they are reflected upon in the discussion on cortisol and metabolic abnormalities.
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Heart Rate Variability

To identify papers on cortisol in relation to heart rate variability, the search term “heart rate variability” was
used in combination with truncated salivary cortisol. In total, 32 unique papers were identified in the first
step. After meeting all exclusion criteria, the final number was reduced to 4 papers.

Interleukins and Other Markers Related with Inflammation

To identify papers on cortisol in relation to inflammation, the search term “interleukin” (61 hits),
“cytokine” (71 hits), “CRP” (5 hits), and “C-reactive protein” (13 hits) were used in different searches in
combination with truncated salivary cortisol. After meeting all exclusion criteria, the final number was
reduced to 11 papers.

Adrenaline

To identify papers on cortisol in relation to adrenaline, the search terms “adrenaline” and “epinephrine”
were used in combination with truncated salivary cortisol. “The latter did not yield any extra papers. In
total, 69 unique papers were identified in the first step. After meeting all exclusion criteria, the final number
was reduced to 2 papers.

Noradrenaline

To identify papers on cortisol in relation to adrenaline, the search terms “noradrenaline” and
“noraepinephrine” were used in combination with truncated salivary cortisol. “The latter did not yield any
extra papers. In total, 72 unique papers were identified in the first step. After meeting all exclusion criteria,
the final number was reduced to 2 papers.

RESULTS

After meeting all exclusion criteria, 42 papers were included. In total, 273 associations between salivary
cortisol and any of the markers mentioned were studied, comprising 241 associations on metabolic
abnormalities, 30 on inflammation, and 2 on stress hormones. Of the salivary cortisol measures reported for
evaluations of all markers tested were 136 (49%) single time points, 100 (37%) deviations, 36 (13%) AUC,
and 1 (1%) dexamethasone test. Of these, 72 (26%) were statistically significant, and 201 (74%) indicated
non-significant findings.

Body Mass Index

Quantitative Analysis on the Evaluated Studies

In the 24 studies [13-36], there were 60 analyses on the relationship with salivary cortisol (see Table 1a).
Of these, 29 were on single time points, 23 on deviations, and 8 on AUC. In total, 14 of the analyses (23%)
showed significant associations with salivary cortisol, whereas the other 46 (77%) showed non-significant
findings. The significant findings were mainly clustered in the following three categories:

— A lower level in the morning was associated with higher Body Mass Index (BMI) (5/9; 56%).

— A lower deviation between two time points at midday was associated with higher BMI (3/3;
100%).

—  AUC at midday was lower in subjects with higher BMI (2/2; 100%).

Consistency of the Material

Regarding a possible association between a lower cortisol level in the morning and BMI, there are no
contradictions in the results. However, analyses suggesting such an association is derived from only five
studies [20, 22, 23, 32, 34]. These studies point in the same direction, suggesting a lower cortisol level in
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the early phase of the diurnal cycle. None of the studies evaluating awakening values found any
associations with BMI. The possible association with a lower cortisol level in the early phase of the diurnal
cycle seems to be valid regardless of the use of cross-sectional designs [23, 34] or a prospective design with
cortisol levels as the outcome [22].

Methodological or Contextual Explanation on Divergent Findings

Overall, only two significant positive associations were found. One might be attributed to a subpopulation
analysis [25]. The most striking contradictory finding was found in a large-scale population sample
(Whitehall-II, »=2873) [29], in which associations were evaluated using an averaged cortisol level
throughout the day based on 7 samples from awakening to bedtime.

Most of the other studies were based on fewer samples. Computing an average of 7 samples devalues the
potential impact of lower levels at the early stages of the diurnal cycle. Thus, the seemingly contradictory
findings may be accurate, given that values taken at time points later in the diurnal cycle were slightly higher
among subjects with higher BMI (not reported in the study). On the other hand, there is no support in the other
studies evaluating cortisol levels in the evening; all reported non-significant findings. Coutinho et al. reported a
marginal significant negative association (p=0.063) between a sample taken at 23:00 h and BMI [27].

Waist Circumference
Quantitative Analysis on the Evaluated Studies

In the 7 studies [13, 21, 26, 27, 31, 37, 38] there were 16 analyses on the relationship with salivary cortisol
(see Table 1a). Of these, were 9 on single time points, 6 on deviations and 1 on AUC. In total, 4 of the
analyses (25%) showed negative associations with salivary cortisol, whereas the other 12 (75%) showed
non-significant findings. However, the negative findings were clustered in the same category where a lower
deviation in a daily slope was associated with higher waist circumference (3/3; 100%), and a lower AUC in
the morning was associated with a higher waist circumference (1/1; 100%).

Consistency of the Material

Relatively few associations were found in the material. The low proportion of non-significant findings is
explained by the non-significant findings for single time points. The significant findings included points in
the same direction as BMI, implying that there may be an association between low values of cortisol in the
morning/midday and waist circumference.

Methodological or Contextual Explanation on Divergent Findings

There are no major contradictions in the overview. The reported results are either non-significant findings
or negative associations between cortisol levels and waist circumference. However, all studies presented are
fairly small, thus increasing the risk for beta errors.

Waist/Hip Ratio
Quantitative Analysis on the Studies Evaluated

In the 11 studies [13, 15-18, 22, 24, 25, 27, 29, 30], there were 31 analyses on the relationship with salivary
cortisol (see Table 1a). Of these, 15 were on single time points, 12 on deviations, and 4 on AUC. Seven of
the analyses (31%) showed negative associations with salivary cortisol, 4 (13%) showed positive
associations, and the other 20 (65%) showed non-significant findings. The negative significant findings
were clustered in measure including morning values, either as single time points (3/4, 75%), low deviation
at midday (1/1, 100%) or low AUC including morning values (1/1, 100%).

Consistency of the Material

There were relatively few associations found in the material. Negative associations suggesting a lower
cortisol level in the early phase of the diurnal cycle were found in 4 independent studies. The consistency of
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positive associations is weaker, partly because they are occur less, partly because the same group presenting
positive associations also presented non-significant findings for similar cortisol measurements in different
study populations [17, 24, 29].

Methodological or Contextual Explanation on Divergent Findings

A similar pattern to that found for BMI emerged. Only 4 significant positive associations were found, 3 of
which might be attributed to a sub-population analyses [17]. The most striking contradictory finding was
found in a large-scale population sample (Whitehall-II, »=2873) [29], in which associations were evaluated
using an averaged cortisol level throughout the day based on 7 samples from awakening to bedtime. Most
of the other studies were based on fewer samples. Computing an average of 7 samples devalues the
potential impact of lower levels at the early stages of the diurnal cycle. Thus, the seemingly contradictory
findings may be accurate, given that values taken at time points later in the diurnal cycle are slightly higher
among subjects with higher waist/hip ratio (not reported in the study). As with BMI, there is no support in
the other studies evaluating cortisol levels in the evening; all reported non-significant findings [15, 17, 27].

Table 1a: Summary of the main findings of associations between measures of salivary cortisol and body mass index,
waist circumference, and waist/hip ratio sorted by year of publication

References | Year | Exposure | Design | No. m/w Single time points Deviation AUC Dexamethasone
cortisol (or sum/mean of (difference/slope suppression

two/more time between two or more test
points) time points)
al [a2 [a3]asfas[or [b2 03 [ba  Jer [ [e3 Jes Ja

Body mass index

Laederach- | 2000 C-S 42 24/18 0

Hofmann

[13]

Roy [14] 2001 Exp 82 82/0 0

Eller [15] |2001 C-S 121 37/84 0 |0 0

Kunz- 2003 C-S 160 98/62 0

Ebrecht

[16]

Steptoe 2004 C-S 172 89/83 0 010 ]o 0

[17]

Ward [18] | 2004 C-S 678 678/0 l

Ward [18] |2004 C-S 117 117/0 l 0

Patel [19] |2004 C-S 248 128/120 J0

Weitz [20] | 2005 C-C 48 24/24 l

Tull [21] 2005 C-S 53 0/53 0

Power [22] | 2006 Pros | 6452 |3176/ s s s

3276

Daniel [23] | 2006 C-S 129 0/129 l

Steptoe 2006 C-S 83 28/55 010 0 0

[24]

Therrien 2007 Pros |82 51/31 0/0 1/0

[25]

Kidambi 2007 C-S 96 46/50 0 0

[26]

Coutinho | 2007 C-S 47 0/47 0

[27]

Roberts 2007 Pros 71 0/71 0

[28]

Steptoe 2007 C-S 2873 | 2126/747 T

[29]

Lasikiewicz | 2008 C-S 147 68/79 0 0 0

[30]

Brydon 2008 Exp 67 0/67 0 0 |0

[31]
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O’Donnell | 2008 C-S 442 350/192 0 0 1

[32]

Wirtz [33] |2008 Exp 42 42/0 0 0 |0

Farag [34] |2008 C-S 127 0/127 0 [0 |0 (O 0/1*

Brummett | 2009 C-S 328 n.s. 0

[35]

Boyne[36] |2009 C-S 40 0/40 0 [0 [0 0

‘Waist circumference

Laederach- | 2000 C-S 42 24/18 1

Hofmann

[13]

Kajantie 2004 C-S 151 0/151 0 [0 |0 [0 (0 ]O l

[37]

Tull [21] 2005 C-S 53 0/53 1

Garcia- 2006 C-S 41 0/48 l

Prieto [38]

Coutinho 2006 C-S 47 0/47 0

[27]

Kidambi 2007 C-S 96 46/50 0 0

[26]

Brydon 2008 Exp 67 0/67 0 0 [0

[31]

Waist/hip ratio

Laederach- | 2000 C-S 42 24/18 0

Hofmann

[13]

Eller [15] | 2001 C-S 121 37/84 0 [0 0

Kunz- 2003 C-S 160 98/62 1/0

Ebrecht[16]

Steptoe 2004 C-S 172 89/83 0 0 (0 |1/0 1/0

[17]

Ward [18] |2004 C-S 678 678/0 !

Ward [18] |2004 C-S 117 117/0 | 0

Power [22] | 2006 C-S 6452|3176/ | | l
3276

Steptoe 2006 C-S 83 28/55 0o 0 0

[24]

Therrien 2007 Pros 82 51/31 0/0 1/0

[25]

Coutinho 2007 C-S 47 0/47 0

[27]

Steptoe 2007 C-S 2873 | 2126/747 1

[29]

Lasikiewicz | 2008 C-S 147 68/79 0 l 0

[30]

* Significant associations only in group with obese women (BMI>=30 kg/m").
Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning to evening
increase/ground; c4, laboratory stress test increase/ground; d, DST, dexamethasone suppression test; C-C, Case-control; C-S, cross-
sectional; Exp, experimental; Pros, prospective.

Cholesterol
Quantitative Analysis on the Evaluated Studies

In the 6 studies [14, 15, 17, 26, 30, 37], there were 47 analyses on the relationship with salivary cortisol (see
Table 1b; 6 on total cholesterol, 6 on Low-Density Lipoprotein (LDL), 27 on High-Density Lipoprotein (HDL),
and 8 on total cholesterol/HDL ratio). Of these, 7 associations were significant (15%); the other 40 (85%)
showed non-significant findings. The only potential cluster was that a high total cholesterol/HDL ratio and a
high LDL level were associated with a higher increase in cortisol under the laboratory stress test (2/4, 50%).
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Consistency of the Material

Most studies did not reveal any association between different measurements of cholesterol and salivary
cortisol. Of all 27 analyses on single time points, only 1 was significant. The significant association was
based on a sub-population analysis [15]. Thus, given the low proportion of significant associations, this
literature does not provide support for a strong relationship.

Methodological or Contextual Explanation on Divergent Findings

The findings on cholesterol and cortisol in a laboratory stress test were derived from the same study [14].
Although a high proportion was positively associated with an increase of cortisol under a laboratory stress test,
the picture is not clear, as no associations could be found with total cholesterol and HDL in the same study.
Triglycerides

Quantitative Analysis on the Evaluated Studies

In the 5 studies [14, 18, 26, 30, 37], there were 15 analyses on the relationship with salivary cortisol (see
Table 1b). Of these, 9 were on single time points, 4 on deviation, and 2 on AUC.

Consistency of the Material

None of the studies evaluated showed a significant association with triglycerides.

Methodological or Contextual Explanation on Divergent Findings

The studies were performed under similar circumstances. Although the studies were cross-sectional, ruling
out the possibility of discussing causality, the non-significant findings strongly suggest that there are no
associations between circulatory levels of triglycerides and salivary cortisol.

Table 1b: Summary of the main findings of associations between measures of salivary cortisol and lipid status sorted
by year of publication

References | Year | Exposure | Design | No. m/w | Single time points Deviation AUC Dexamethasone
cortisol (or sum/mean of (difference/slope suppression test
two/more time between two or more
points) time points)
al |2 [a3 [ad [as[or Jo2fos [oa [ 2 [e3 [t [
Total cholesterol
Roy [14] 2001 Exp 82 82/0 0
Eller [15] |2001 C-S 121 37/8410 |0 0
Kidambi 2007 C-S 46/50 |96 0 0
[26]
Lasikiewicz | 2008 C-S 147 68/79 0 0 0
(30]
Low-density lipoprotein (LDL)
Roy [14] 2001 Exp 82 82/0 1
Kidambi 2007 C-S 46/50 |96 0 0
[26]
Lasikiewicz | 2008 C-S 147 68/79 0 0 0
[30]
High-density lipoprotein (HDL)
Roy [14] 2001 Exp 82 82/0 0
Eller [15] |2001 C-S 121 37/8410 |0 10
Steptoe 2004 C-S 172 89/8310 0 |0 |l/0 10
[17]
Kajantie 2004 C-S 151 0/15110 {0 |0 |0 (O JO 0
[37]
Kidambi 2007 C-S 46/50 |96 0 0
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[26]

Lasikiewicz | 2008 C-S 147 68/79 0 0 0
[30]

Total cholesterol/HDL

Roy [14] 2001 Exp 82 82/0 1
Steptoe 2004 C-S 172 89/83]0 0 (0 |1/0 10

[17]

Triglycerides

Roy [14] 2001 Exp 82 82/0 0
Kajantie 2004 C-S 151 0/15110 |0 [0 O |O O 0

[37]

Ward [18] | 2004 C-S 117 117/0 0 0
Kidambi 2007 C-S 46/50 |96 0 0

[26]

Lasikiewicz | 2008 C-S 147 68/79 0 0 0
[30]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; b1, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning to evening
increase/ground; c4, laboratory stress test increase/ground; d, DST, dexamethasone suppression test; C-S, cross-sectional; Exp,
experimental.

Plasma or Blood Glucose
Quantitative Analysis on the Studies Evaluated

In the 5 studies [18, 26, 30, 37, 39], there were 17 analyses on the relationship with salivary cortisol (see
Table 1¢). Of these, 10 were on single time points, 4 on deviation, and 3 on AUC.

Table 1c: Summary of the main findings of associations between measures of salivary cortisol and blood glucose
sorted by year of publication

References Year | Exposure | Design | No. m/w | Single time points | Deviation AUC Dexamethasone
cortisol (or sum/mean of (difference/slope suppression test

two/more time between two or
points) more time points)
at[a2]a3fadfas[or[o2[03]oa Joo [ [a3 [t 4

Plasma or blood glucose

Hucklebridge [ 1999 C-S 27 14/13 0 0

[39]

Ward [18] 2004 C-S 678 678/0 i

Ward [18] 2004 C-S 117 117/0 0 0

Kajantie [37] | 2004 C-S 151 0/151}0 (0 (0 [0 |0 JO 0

Kidambi [26] | 2007 C-S 96 46/50 0 0

Lasikiewicz | 2008 C-S 147 68/79 0 0 0

[30]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; b1, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning to evening
increase/ground; c4, laboratory stress test increase/ground; d, DST, dexamethasone suppression test; C-S, cross-sectional.

Consistency of the Material

There was only one significant finding presented (6%), where a single time point in the morning were
positively associated with fasting blood glucose. None of the other studies evaluated showed a significant
association with blood sugar.

Methodological or Contextual Explanation on Divergent Findings

The studies were performed under similar circumstances. Although the studies were cross-sectional, ruling
out the possibility of discussing causality, the amount of non-significant findings suggest that there are no
strong associations between levels of fasting blood sugar and salivary cortisol.
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Blood Pressure
Quantitative Analysis on the Studies Evaluated

Among the 14 studies [14-16, 18, 20, 26, 30, 37, 40-45], there were 53 analyses on the relationship with
salivary cortisol (see Table 1d; 18 on hypertension and 35 on systolic and diastolic blood pressure). Of
these, 20 associations were significant (38%); the other 33 (62%) showed non-significant findings.

Consistency of the Material

There were no clear trends on blood pressure and cortisol measurements. The high percentage of significant
findings is somewhat devalued by significant findings pointing in opposite directions. If anything, the
results suggest that an increase in cortisol in a laboratory stress test is associated with increased blood
pressure. This is shown in 4 out of 12 associations (33%). In addition 5 out of 15 reported findings on
morning cortisol levels had a positive association (33%)

Methodological or Contextual Explanation on Divergent Findings

The literature does not provide any clear explanations on why the results vary. One possible explanation for
divergent findings has been proposed by Weitz and colleagues [20]. The authors have reported that low
birth weight may modify the association between blood pressure and salivary cortisol such that subjects
with low birth weight show a clear negative correlation with salivary morning cortisol, whereas no
correlation can be found in subjects with normal birth weight [20]. However, their hypothesis is hard to
evaluate in the included studies in this overview, as most studies do not report data on birth weight.

Table 1d: Summary of the main findings of associations between measures of salivary cortisol and blood pressure
sorted by year of publication

References | Year | Exposure | Design | No. m/w | Single time points Deviation AUC Dexamethasone
cortisol (or sum/mean of (difference/slope suppression test
two/more time between two or
points) more time points)

)
—_

al [a2 [a3 [ad [as [o1 02 [b3 |04 2 [e3 [t |a

Blood pressure

Kajantie | 2004 cs |15t |onstfo |o {o o |o o 0

[37]

Nyklicek | 2005 Exp |63 30/37 1

[40]

Wirtz [41] | 2006 Exp |48 480 o 0 1
Kidambi | 2007 cs |96 46/50 1 1

[26]

Wirtz [42] | 2007 cs |42 42/0 o ! 0 ! 1

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; b1, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning to evening
increase/ground; c4, laboratory stress test increase/ground; d, DST, dexamethasone suppression test; C-S, cross-sectional.

References | Year | Exposure | Design | No. m/w Single time points Deviation AUC Dexamethasone
cortisol (or sum/mean of (difference/slope suppression test
two/more time between two or
points) more time points)

at[a2 [a3fadfas|or[b2]b3]bs Jor [ [ [t |a

Systolic blood pressure

Kunz- 2003 C-S 160 98/62 0
Ebrecht

[16]

Gregg [43] | 1999 [ Mental | Exp 100 50/50 0
Gregg [43] [1999 | Cold Exp 100 50/50 0
Roy [14] 2001 Exp 82 82/0 0/1 0
Eller [15] [2001 C-S 121 37/84 10 |0 0
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Ward [18] |2004 C-S 678 678/0 1

Ward [18] |2004 C-S 117 117/0 0 0
Krantz [44] | 2004 Exp 21 10/11 0

Weitz [20] |2005 C-C 48 24/24 1P

Holt- 2007 C-S 301 146/155 l
Lunstad

[45]

Lasikiewicz | 2008 C-S 147 68/79 1 0 1
[30]

Diastolic blood pressure

Kunz- 2003 C-S 160 98/62 0

Ebrecht

[16]

Gregg [43] | 1999 | Mental | Exp 100 50/50 0

Gregg [43] | 1999 | Cold Exp 100 50/50 1

Roy [14] 2001 Exp 82 82/0 0/1 0

Ward [18] | 2004 C-S 678 678/0 1

Ward [18] |2004 C-S 117 117/0 0 0
Krantz [44] | 2004 Exp 21 10/11 0

Weitz [20] | 2005 C-C 48 24/24 1/0°

Holt- 2007 C-S 301 146/155 l
Lunstad

[45]

Lasikiewicz | 2008 C-S 147 68/79 1 0 0
[30]

* Significant associations with blood pressure during stress task, but not with blood pressure at rest.

® Significant associations only in group with low birth weight.

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morming to evening; b4,
laboratory stress test reactivity/recovery; c1, morning increase/ground; c2, midday increase/ground; ¢3, mormning to evening increase/ground;
c4, laboratory stress test increase/ground; d, DST, dexamethasone suppression test; C-S, cross-sectional; Exp, experimental.

Heart Rate

All 3 studies evaluated [16, 43, 44] used a laboratory stress test (see Table 1e). One out of 4 associations
tested (25%) between an increase in cortisol level after the stress test and heart rate were significant [43].
However, this was true in only 1 of the 2 stressors tested in the study. Due to the low number, it is hard to
further evaluate the consistency of the material.

Heart Rate Variability

Quantitative Analysis on the Evaluated Studies

In the 4 studies [16, 46-48], there were 7 analyses on the relationship with salivary cortisol (see Table 1e).
Of these, 2 were on single time points and 5 on deviations.

Consistency of the Material

Both studies investigating cortisol in a laboratory stress test found a negative association between increase
in cortisol level and heart rate variability.

Methodological or Contextual Explanation on Divergent Findings

Heart rate variability can be divided into several components. These are not used uniformly in the literature,
which makes it hard to compare different studies on heart rate. Even if there were more comparable studies,
it may be relevant to investigate whether the associations are influenced by the stress level among subjects.
A recent publication suggests that the associations between level of cortisol are associated with both heart
rate and heart rate variability under stressful conditions, but that these associations are attenuated in periods
of low stress [49].
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Table 1e. Summary of the main findings of associations between measures of salivary cortisol and heart rate and heart
rate variability sorted by year of publication

References | Year | Exposure | Design [ No. m/w | Single time points Deviation AUC Dexamethasone
cortisol (or sum/mean of (difference/slope suppression test
two/more time between two or more
points) time points)

o

al [a2 [a3 [a4 [as | b1 [b2 |03 [oe 2[5 [t |a

Heart rate

Gregg [43] | 1999 | Mental | Exp 100 50/50 1
Gregg [43]] 1999 | Cold Exp 100 50/50 0
Kunz- 2003 C-S 160 98/62 0
Ebrecht

[16]

Krantz 2004 Exp 21 10/11 0
[44]

Heart rate variability

Lucini 2002 Exp 30 n.s. 1

[46]

Kunz- 2003 C-S 160 98/62 0 Lt
Ebrecht

[16]

Sgoifo 2003 Exp 30 15/15 |
[47]

Eller [48] | 2007 Pros |72 M/W 1/0

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning to evening
increase/ground; c4, laboratory stress test increase/ground; d, DST, dexamethasone suppression test; C-S, cross-sectional; Exp,
experimental.

Interleukins and Other Markers Related with Inflammation
Quantitative Analysis on the Evaluated Studies

Combining all inflammatory markers, 30 analyses were presented in 10 studies [16, 29-31, 50-55] (see
Table 1f). Of these, were 12 on single time points, 11 on deviation, and 7 on AUC. Twelve of the analyses
(40%) were significant.

Consistency of the Material

Two clusters without contradictory findings arise: High cortisol output throughout the day may be
associated with higher average levels of inflammatory markers [29, 30]. 80% of the associations were
significant, however derived from two studies only [29, 30]. There was also a possible cluster of significant
negative findings in the laboratory stress tests (33 %), indicating that the ability to react with cortisol
secretion on a stress test are associated with lower levels of inflammatory markers [16, 51]. However, this
inference is derived from two studies only.

Methodological or Contextual Explanation on Divergent Findings

One question raised is the effect on cortisol and cytokine levels following acute stress. It is generally
expected that an increase in cortisol levels will lower the level of cytokines. One explanatory factor for
some of the non-significant findings may be that some commonly used acute stress tests may actually be
too mild to affect the cortisol level to any major extent [S6]. Thus, the possibility of finding any strong
associations between cortisol and levels of cytokines following an acute stressor may be limited.

In addition, there is a large natural fluctuation of cytokines, depending on ongoing inflammations. Glaser et
al. [50] have demonstrated that cortisol levels in the morning not is associated with cytokines a normal day
but is inversely associated with cytokine levels measured 24 hours after an experimentally induced wound.
Thus, occurrence of acute inflammation in some participants but not in others might add to the complexity
when studying cortisol in relation to cytokines.
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Table 1f: Summary of the main findings of associations between measures of salivary cortisol and inflammatory
markers sorted by year of publication

References | Year | Exposure | Design | No. m/w Single time points Deviation AUC Dexamethasone
cortisol (or sum/mean of (difference/slope suppression test
two/more time between two or
points) more time points)
at[a2 [a3]aafas [or[o2][p3]oa Jer [ Je3 [es Ja
C-Reactive Protein (CRP)
Steptoe 2007 C-S 2873 | 2126/747 0
[29]
Lasikiewicz | 2008 C-S 147 68/79 1 0 0
[30]
IL-1
Glaser [50] | 1999 | IL-1 and | Exp 24 0/24 (VA A
IL-8
Kunz- 2003 | IL-1ra C-S 160 98/62 1 l
Ebrecht
[16]
Bower [51] {2007 | IL-1beta | Exp 25 0/25 0
Brydon 2008 [ IL-1ra Exp 67 0/67 0
[31]
IL-6
Kunz- 2003 C-S 160 98/62 0 l
Ebrecht
[16]
Gaab [52] |2005 Exp 41 21/20 0
von Kénel |2005 Exp 21 21/0 0
[53]
Wirtz [54] | 2007 Exp 44 44/0 0 0
Bower [51] | 2007 Exp 25 0/25 1
Steptoe 2007 C-S 2873 | 2126/747 71
[29]
Lasikiewicz | 2008 C-S 147 68/79 T 0 0
[30]
Brydon 2008 Exp 67 0/67 0
[31]
Tissue Necrosis Factor-alpha (TNF-a)
Luz [55] 2003 Exp 79 30/49 0o (0|1t
Gaab [52] |2005 Exp 41 21/20 0
Bower [51] | 2007 Exp 25 0/25 0
Wirtz [54] |2007 Exp 44 44/0 0 0

* Morning values were not associated with cytokines prior to the experiment, but high cortisol level was associated with low cytokine
levels 24 hours after an induced wound

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory stress test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c¢3, morning to evening increase/ground;
c4, laboratory stress test increase/ground; d, DST, dexamethasone suppression test; C-S, cross-sectional; Exp, experimental.

Adrenaline and Noradrenaline

Only 2 studies were included in this literature study. Krantz et al. [44] reported that there were no
associations between levels of salivary cortisol following a laboratory stress test and levels of urinary
catecholamines. Cohen et al. [57] concluded that there is a non-association between an AUC throughout the
day (with respect to ground) and urinary catecholamines in a population-based sample.

DISCUSSION

General Remarks

Before interpreting the results further, there are 4 aspects that should be considered.
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First, we have focused our evaluation on biological correlates in healthy populations. This could be part of
the explanation for the large number of non-significant findings. It is possible that studies on populations
with diabetes would yield a different association between cortisol and glucose than the ones in this
evaluation. The focus on healthy populations also contributes to the high loss of articles comparison with
the number of hits in the first step of our search. A review on some of these articles can be found in the
chapter on somatic outcome.

Second, we have studied only salivary cortisol. The aim was not to determine physiological correlates with
cortisol, but rather to test the feasibility of using salivary cortisol in different contexts.

Third, a large proportion of the papers are based on relatively small study populations. This leads to the
possibility of a high number of beta errors in our non-significant findings. On the other hand, the results
may suffer from publication bias, where non-significant findings are not reported explicitly in some papers,
even though analyses were done on cortisol and the biomarker under investigation.

Fourth, the search strategies used may be somewhat incomplete. It is likely that associations between any of
the biomarkers and cortisol in saliva have been studied and presented in papers that could not be identified
in our search.

Metabolic Abnormalities and Cortisol

The large number of non-significant findings may come as a surprise. This is in contrast to the widespread
hypotheses that there is an association between cortisol and the metabolic syndrome. One of the more well-
cited research groups [6, 11, 12] base their conclusions on a design that differs from the most commonly
used design, as presented in Table 1. Instead of any of the suggested measures, the authors base their
calculations on “stress-induced cortisol secretion”, combining 7 cortisol measurements throughout the day
plus a dexamethasone test the following morning. The authors present non-significant findings with cortisol
values and all of the metabolic parameters tested (including all criteria for metabolic syndrome). When the
intra-individual variance (or the inverse intra-individual variance) between all time points is taken into
account by weighting the correlations, the associations with the metabolic parameters become significant.
This statistical approach has a considerable impact on the results and alters the conclusions in this study.
This approach has not been used in any of the other papers examined in this chapter. Hence, the findings
from this study that suggest an association between cortisol and metabolic abnormalities cannot easily be
compared with the other studies.

One seemingly contradictory finding is that a high BMI and a high waist circumference are associated with
a lower cortisol peak than normal. Based on experimental studies, several authors have proposed an
opposite association, namely that an excess of cortisol would lead to an accumulation of abdominal fat. The
feedback mechanisms to the HPA axis may be of relevance in observational studies. The high levels of
cortisol potentially leading to an accumulation of fat will be counterbalanced by either lowering the
sensitivity of receptors to circulating cortisol [58] or lowering the levels of cortisol.

An interesting design that occurs rarely in the literature but still may be of relevance is to consider the
dynamics of a system. This is a central point of view in a study by Holt-Lunstad and colleagues on the
association between a diurnal variation in cortisol and a nocturnal dip in blood pressure [45]. Going back to
the theoretic assumptions in the concept of allostasis denoting stability through change [3, 4], studies
linking dynamic capacity in 2 or more systems may be of particular importance. Approaches designed to
study variability in other systems in relation to cortisol variability should be encouraged to increase
knowledge about the role of cortisol in health and disease.
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Table 2: Studies included on body mass index, waist circumference, waist/hip ratio, lipid status, glucose, blood pressure, heart rate, heart rate variability, inflammatory
markers and other stress hormones sorted by first appearance in text in this chapter

cytokines)

References Outcome Study design/group Sampling Laboratory method and Statistical approach for | Statistical analysis, Results Discussion
characteristics standardization in sampling cortisol measurement | cortisol in relation to
outcome
Laederach- | BMI Design: C-S Days: 1 HPLC Measurement(s): c1: Cortisol data: cl: Waist The results indicate a decrease
Hofman 2000 | yaist No.: 42 Samples per day: 4 AUC withrespectto | continous Stratified for | circumference were of AUC in the morning with
[13] circumference | MVw:24/18 Tirnes of sampling: wake ground, age, sex and negatively associated | growing abdominal obesity
WHR Age: 42 (SD:9) up (usually 06.45 H) 20 min Samples used: All4 | menopausal status. with AUC, but no
Group: Inpatients at o . i Correlative statistics relationship between
Psychosomatic Hospital later,+at 07:30 and 09:30 h momming vahics (SAS) cortisol and BMI or
aiming to induce weight Setting: Saliva collected at WHR
reduction. the hospital on a day
Excl: medication following a mental stress
(antiﬁ ertensives test (the BonnDet reaction
P ves, time)
antidepressants,
tranquilizers)
P rate: n.a.
Roy 2001 BMI Design: Exp Days: 1 Biotin-Streptovidin Cortisol data: Group comparisons of | Group with high The results represent findings
[14] LDL No.: 82 Samples per day: 7 immunoassay continuous dichotomy on recovery | recovery (b4) had in comparatively young fit
Total cholesterol m/w: 82/0 Times for sampling: Two at | Moming sessions inawell- | Measurement(s): (high vs low) significantly hjlgher rfnen},‘ar'ld this may be relavant
Total/HDL éf:ﬁ;?:;l{le;rsmen rest before stress test. Four controlled laboratory setting. | 22: Mean of resting ;E(I; and Total/HDL | for the interpretation.
. . . . ’ during stress test, one after levels : i
Triglycerides recently recruited as rocovery trails } a2 were positively
SBP firefighters very TS ba: recovery . assoc with SBP during
Excl: No exclusions for Setting: Laboratory stress (difference peak during stress task session
DBP medications or diagnoses | testrecovery stress test minus Yalue her sien )
P rate: after recovery trails) NO other significant
differences.
Eller 2001 BMI Design: C-S Days: 1 RIA Measurement(s): Cortisol data log- No significant A correlation between WHR,
[15] WHR No.: 121 Samples per day: 4 al, awakening transformed associations between | lipids and cortisol could be
Total cholesterol | ™/ 37/84 Times of sampling: a2.+20 and +60 Correlations with cortisolandtested | expected. Thelack of -
Age: 44 (SDA8.5) Awakening, +20 mins, +60 inutes physiological parameters, except for | correlations in this material is
HDL Group: recruitment mins. 18 OOil > parameters a4, being positively probably caused by the small
SBP through public advertising oo a3:18.00h associated with HDL | size of the study, as well as a
Excl: hypertension Setting: Ambulatory amongst men (butnot | small spread of physiological
P rate: n.a. women) measures.
Kunz-Ebrecht | BMI Design: C-S Days: 1 time resolved immunoassay | Cortisol data: Participants divided b4 was positively The mental stress tests were
o0.: . with fluorescence detection continuous into two groups, upper | associated with a not effective in inducing
2003 [16 WHR No.: 160 Samples per day: 3 ith fl detecti i i iated with a HRV ffective in induct
m/w: 98/62 . s Measurement(s): 40% and lower 40% in | inhibition during stress, | substantial increases in
SBP Age: Times for sampling: Just . L response. Group alower IL-1 and cortisol, so the responder and
DBP . before stress test, b4: Reactivity in - o
Group: subgroup from immediately afier and 45 laboratory stress test comparisons with chi | amongst women, a non-responder groups were not
Heart rate Wth-ehall I ) mins afier (and recovery for square tests a.nq lower WHR as 41stmct as would be
HRV Excl: Heart disease, cancer, ) HRV) logistic regressions. o4 was negatively desirable. However, lack of
Lol hypertension or psychiatric Setting: Laboratory o AUC during and associated with IL1-ra | cortisol response was
L6 illness : 8 and IL-6 associated with heightened
P rate: n.s ?ﬂer sttees; ;est cytokine levels .
presented for
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Excl: Drug treatment or

Steptoe 2004 | BMI Design: C-S Days: 1 time resolved immunoassay | Measurement(s): Cortisol Data: al: No associations The relationship with b3
[17] WHR 172 Samples per day: 10 with fluorescence detection al: Waking continuous ad: No associations (cortisol chantghe over day) was
HDL m/w: 89/83 Times of sampling: wake a4: Bvening minimum | Partial product- ) a5: No associations Z&;Cé);:)déx;};;(;“/:kis;imauon to
Total/HDL age: 47-59 up, 30 min later, and then (the lower of the values | Moment correlations bl: Positively with e
Group: Subgroup from within eight 30-min time recorded at 2000 - controlling for age, I i response). When the slope
; ; i WHR and negatively | over the day was calculated as
Whitehall II, window through the day 2030 and 2200-2230) | Soctoeconomic with HDL and .
. d ino (8.00-8.30 position, smoking, 1 the differernce between
Excl: Heart disease, cancer, | 20d evening (8.00-8.30, a5: Average over the ? Total/HDL in men (but | wakine and i I
. e | 1000-1030,.... 2200-22.30) alcohol consumption . waking and evening values,
hypertension or psychiatric e . day (all values between and time of waking not in women) there were no relationships
illness Setting: Workday 0800 and 22:30) b3: Positively with with WHR or lipids.
P rate: n.s. bl: CAR (30 min - 'WHR and negatively
waking) with HDL and
b3: The slope= Tot;fJ/HDL in men (but
difference between not in women)
0+30 and evening
minimum
Ward 2004 | BMI Design: Days:1+1 DELFIA Cortisol data: continous al negatively We have confirmed that
[18] WHR No.: 678, 122 inindepth- | Samples per day: 1+5 Measurement(s): correlated with BMI | fasting 9.00 AM cortisol is
SDP study Times for sampling: day 1: a2: In entire sample and WHR, positively | inversely related to adiposity.
miw: 678/0; 122/0 pung: day 1 : P with SDP, DBPand | Our results did however not
DBP Age: 64 (SD 2.7) 9.00 AM coms9l cl: AUC with respect fasting glucose in entire | suggest that increased pituitary
Glucose Group: Recuitment from da_y 2: Awak_enmg, +15 to ground using all five sample, but only responsiveness was
Triglyceride population based study mins, +30 mins, +45 mins, samples day 2. associations with BMI | responsible for associations
Excl: pituitary or adrenal | +60 mins. and WHR remain in in- | with the components of
discase, diabetes, Setting: Ambulatory depth study metabolic syndrome
Ig’lucocorticoid treatment ¢1: No associations
rate: n.a.
Patel 2004 BMI Design: C-S Days: 2 Radioimmuno-assay Measurement(s): Cortisol Data: No correlation between | Morning saliva cortisol levels
[19] n: 248 Samples per day: 1 Participants were instructed al: Mean of samples | continuous BMI. and cortisol at were indcpcn('icnt of age and
m/w: 128/120 not to brush teeth, exercise, from two days ~ i waking gender, meaning that
¢ ¢ t-test, correlation and artitioning of reforence
age: men: 41, 16-86 Times of sampling: smoke eat or drink during the regression analyses Eltervals afe I
Women: 44, 16-98 Immediately after waking 60 minutes preceding saliva were used to examine il
Group: Patients attending | on two consecutive days collection and o rince their the relationship
an otorhinolaryngology (06:00-08:00) mouth V‘flth water 10 min prior between cortisol and
clinic . to sampling BMI
. Setting: Home.
Excl: pregnancy, excessive
physical exercise or
alcohol consumption,
night-shift workers, HPA
axis dysfunction, hepatic,
renal or psychiatric
disorders, hormonal
contraceptives,
glucocorticoid therapy,
P rate: n.a.
Weitz2005 | BMI Design: C-C Days: 1 RIA Cortisol data: Correlations, spliton | a2: negative association | The influence of endocrine and
[20] SBP No. 48 Samples per day: 2 Instructed to be taken a leisure | Continuous birth weight with BML fog}?ﬁ"e metabolic silgnals on
DBP il/w ég%gDO 7 Times for sampling: 8.00 | day. Subjects were asked to | Measurement(s): i?ggl: ngn; StBP gard}ll(;;/las;cil a ﬁilgczﬁn an
£e: 26 (2t AM and 23.00 PM abstain fromalcoholonthe | oo 1000 AM (D% Amongs © cianged speaiea ym,
Group: Invitations to i ->ample at o. participants with low | subjects with low birth weight.
. day of sampling and for one
singletons with low bitrth | Setting: Ambulatory day beforehand, and notto | a4 Sample at 23.00 birth weight only.
weight. Participants with smoke at least an hour prior to | PM a4: No results
normal birth weight via sampling. presented
public advetrisement
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any diagnose with direct
impact on HPA-axis
P rate: n.a.
Tull 2005 BMI Design: C-S Days: 1 Not stated Cortisol data: Spearman correlation | B3 was negativel These findings are consistent
g y P g y o
[21] Waist No.: 53 Samples per day: 2 continuous associated with waist | with results from other studies,
circumference Z]/w: 3;520 Times for sampling: 8.30 Measurement(s): cucumf;rence_.hNgw in wijclh hi g};e;‘level of d
ge: 25- T . association witl psychological distress an
Group: Black women in AM’ 10.30PM lﬁéggaaﬁz\fn?nem waist circumference are
population based study Setting: Ambulatory sam leg e associated with dysregulation
Excl: Diabetes P of cortisol
P rate: 77%
Power 2006 | BMI Design: Pros and Days: 1 (at 45 yr) Commercial immunoassay kit | Measurement(s): Cortisol Data: a2 and c2: Negative Our results demonstrate that
[22] WHR C-S Samples per day: 2 with chemiluminescence a2: Cortisol 45 mins Continuous, truncated | association with BMI | adiposity across the life course
n: 6452 Timmes of sampling: 45 detection after awakening (t1) at<2nmol/land >100 | at 7years and 33 years. | are related to cortisol levels in
m/w: 3176/3276 minutes after awak‘ening Participants were instructed 0 | 42: t1-t2 change in nmol/l and with WHR at45 | midlife. There are however
age: birth, 7 years, 33 (t1) and 3 hours later on the | avoid brushing or flossing cortisol (decline vs Data from carlier data | Y4rs. comp}e)fltles m th?
years, 45 years. same day (2) their teeth, eating, or drinking | abnormal pattemn; ie. | collections at 7 years | b2: BMlat33 years. | dssoclations. For instance,
Group: British birth cohort. Settine: Random da for 15 minutes before taking | flat or rise) and 33 years wererun | and WHR at 45 years | BMI at 33 yr has a significant
Born in England, Scotland & Y- each samples 2 AUC with respect | 28inst cortisol levels | increases probability of non-linear association where
and Wales in 1 wk in : P at 45 years as outcome. | abnormal pattern. AUC decreased from the
March 1958 to ground . lowest BMI to the 70"
Adjusted for o .
Excl: socioeconomic percentile, increasing thereafter
Ceno o among the most overweight
P rate: 54% position.
adults.
Daniel 2006 | BMI Design: C-S Days:1 High sensitivity immunoassay. | Cortisol data: Regression models b2 were inversely BMI may be inversely related
[23] No.: 129 Samples per day: 2 Instructions verbally and in Continuous adjusting for age, associated to BMI because chronic stressors
m/w: 0/129 Times for sampling: At writing: to avoid alcohol, Measurement(s): education, race and affect BMI directly through
Age: 21-66 . ping: eating and brushing teeth prior |, , . . worksite endocrine processes that
) awakening and midday . b2: midday minus . e
Group: workers at (before lunch) to sampling. awakenin mediate fat deposition and
industrial sites in North . e indirectly by behavioral or
Carolina Setting: Ambulatory, psychosocial responses that
Excl: typical working day. promote weight gain.
P rate: 11%
Steptoe 2006 | BMI Design: C-S Days: 1 Participants were instructed Cortisol data: Participants with No significant Data were collected over a
[24] WHR No.: 83 Samples per day: 6 not to drink coffee or tea, have | continuous delayed samples were | association for a5, b1, | single day, and more stable
m/w: 28/55 Times of sampling: breakfast, or brush their teeth | Measurement(s): aS: excluded. b3 orcl with BMIor | estimates might emerge from
Age: 18-25 years Waking, 15 arll) q 3% min before completing sample 3, | average of samples 4-6. | partial correlation. 'WHR, nor form men or | repeated measurements.
Group: students at Jater, and then within 3 30- and to avoid drinking or eating | b]: Difference between | Hierarchical regression | for women.
unviersity .| min intervals over the day: | " the 15 min prior (0 samples | sample +30 mins and | analysis
Excl: medlcatlot?, suffering 10:00-10:30 h. 16:00-16:30 4-6 awakening
fg;g; tlil(?rl:er respiratory hand 20:00-20:30 h :’a;ticipants atte}r:dirﬁg a ogi b3: Average slope
ot aboratory psychophysiologic | (between the cortisol
Prate:na. Setting: Ambulatory stress testing session were value on waking and
asked after the session to sample 6 (20:00-2030
collect saliva on a single day h))
cl: AUC with respect
to increase using
samples 1 to 3.
Therrien 2007 | BMI Design: Pros Days: 3 RIA Cortisol Data: ANOVA followed by | Men with visceral From this observation, one can
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medication. No history of
CAD
P rate: 90%

[25] n: 82 Samples per day: 2 Particiapants were instructed | continuous post hoc paired obesity had a higher bl | argue that a great part of
m/w: 51/31 Times of sampling: to refrain from food and drink | Measurement(s): Student’s t-test to (CAR) than leanand | gender difeerences between
age: 23-51 i i between the two morning reveal differences reduced obese state. the obese and reduced obese

Awakening and 30 minutes bl) CAR as the
Group: Selected from i samples. Allowed to drink . between groups. Women inareduced | groups came from a different
P . after awakening percentage of increase S . . A
public advertisement to Setting: Ambulatory. Three water between the two in cortisol lovels Multivariate analysis | obese state had a higher | pattern of body fat distribution.
match criteria for being & fferegr'lt occasionsr)\l;«i thin a samples but not during the 5 between time of of variance to analyse | bl (CAR) than lean
lean, abdominal obese or criod of 2 months minutes before sampling. No awakening and 30 slope of morning and obese women.
reduced obese. p alcohol, training or caffeine . s cortisol.
Excl: depression, during a study day. minutes thereafter Tukey-Kramer post
psychiatric or Cortisol values were hoe lgs ¢ p
cardiovascular disorders, adjusted for estradiol
medication, smoking, levels
alcohol consumption,
Kidambi BMI Design: C-S Days: 12 Enzyme immunoassay Measurement(s): Cortisol Data: a2 and a4 was Despite the results, it seems
2007 [26] Waist n: 96 Samples per day: 2 a2: 7.00 AM continuous pqsitively associated reasonablg based on the well-
circumference | m/w: 46/50 Times of sampling: 11:00 ad: 11.00 PM t-test or Wilcoan rank “}Tth blood pressure known actions of . .
Total cholesterol | age: 18-35 years pm on the day of admission sum test depending on | (hypertension). There glucocomcmds, to hypothesize
LDL Group: Subgroup from and at 7:00 am the the distribution of the | Were no other that cortisol playsa
study on hypertensionina | following moming variables. associations to any of pathophysmloglcal role in the
HDL black population 40% . " the tested metabolic metabolic syndrome.
Triglycerides hypertensives Setting: Ambulatory parameters.
Blood glucose | Excl:
Blood pressure | P rate: n.a.
Coutinho BMI Design: C-S Days: 1 Measurement(s): a4. Cortisol data: No statistically A trend toward a negative
2007 [27] Waist No.: 47 Samples per day: 1 Singlg time point in the anﬁnuous. Two associations betvyeen asspciation bctwccn nocturnal
circumference | M/W: 0/47 Times of sampling: 23:00 h evening, 11.00 PM tailed t-test and a4 and BMI, waist salivary cortisol and BMI was
WHR Age: 30-65 years ) ping: 25- Fischer’s exact test. circumference or WHR | found in the entire sample. In
Group: Obese women Setting: Ambulatory, a Pearson’s correlation | (BMI had a significant | women with binge eating
Excl: using any medication | random day coefficient negative association in | disorder, the severity of the
that could interfere subgroup without binge | binge eating was positively
metabolism, endocrine eating disorder) associated with nocturnal
disease related to weight levels.
gain
P rate: n.a.

Roberts 2007 | BMI Design: Pros Days: 2 (baseline and 12 in-house radioimmunoassay. | Measurement(s): Cortisol Data: AUC (c3) was not After inclusion of dietary

[28] 71 weeks later) 3: AUC over the day | Regression analysis relate_d to BMT at restrgim, there isno longe_r a
m/w: 0/71 Samples per day: 12 Participants were instructed to | (With respect to ground bAaISJiljme‘ Afll] Increase n relgtgﬁ?lf’ g?t""?en (}3‘0111501
age: 43 (sd=7.1) Times of sampling: 2-hours | collect samples in the ground), using all werehowever ) an » Indicating that
Group: Healthy registered | intervals during anormal | beginning of the academic samples ?ssomateg with an chaqge Ofdlem.y restraint is a
nurses day (8AM to 8PM) semester and 12 weeks later increase in BMI. significant mediator in the

. . o N relationship between stress and
e i iy B
Steptoe 2007 | BMI Design: C-S Days: Chemiluminescence Measurement(s): a5. Cortisol data: y>test. | Cortisol over day (a5) | The HPA axis is thought to
[29] WHR No.: 2873 Samples per day: 5 immunoassay cortisol over day Logistic regression was positively downregulate proinflammatory
IL-6 m/w: 2126/747 Times of sampling: After Samples used: the last | using covariates of age, | associated with BMI, | cytokines, whereas IL-6
CRP Age: 50-74 years waking. 30 min. 2 5 h8h 4 gender, ethnicity, WHR, and IL-6. No activates cortisol secretion
Group: Phase 7 in the and 12gi1 after W’ ak'in S income, smoking, association was found
Whitehall II-study . s employment and time | with CRP
Excl: Steroids and cardiac | Setting: Ambulatory of waking
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Lasikiewicz | BMI Design: C-S Days: 3 (83 subjects); 1 (64 | Non-commercial time- Measurement(s): Cortisol Data: Log No differences between | Our results offer partial support
2008 [30] WHR n:147 subjects) resolved fluorescenece 25: Diurnal mean= transformation cluster 1 and cluster 2 | to the theory that metabolic
LDL m/w: 68/79 Samples per day: 8 (DELFIA) immunoassay mean of 3,6 .9, 12h AK-means cluster - | for any of the tested syndrome is a metabolic )
HDL age: 46.2 (SD=7.18) Timmes of sampling; All participants attended a pre- | post waking. analysis were parameters, except for | disorder, and that the morning
o Group: Healthy adults Awakening, + 15 mins, +30 | study briefing in whichthe | 3. Slope=regression | Performed. Two WHR, where cluster 1| cortisol profile may serve as an
Triglycerides Excl: smokers and min, +45 mins, +3hours, +6 | Procedure was explained. of the line of decrease | clusters were extracted. had a significantly additional marker of metabolic
Plasma glucose | prescribed medication hours, +9 hours, +12 hours | Participants were asked to e | from 45 min post Cluster 1: Lower higher WHR. vulnerability
SBP P rate: n.s. post waking. and refrain from consuming | waking, diurnal mean (a5) SBP was positively
DBP Setting: Ambulatory fopd or drink other than water ol: AUC with respect flatter slope (b}) and asspmated W}th a5and
prior to each sample collection | . lower awakening cl in regression
CRP . to increase (0, 15, 30
time. and 45 min post response (cl), all models, and DBP was
IL-6 waking) P significantly different | positively associated
e from cluster 2. with a5.
Brydon 2008 | BMI Design: Exp Days: 1 time-resolved fluorescenece | Cortisol data: Partial correlations There were no The tasks were only
[31] Waist No. 67 Samples per day: 3 immunoassay continuous adjusted for age, significant reported moderately stressful and
circumference | MYw: 0/67 Times for sampling: Measurement(s): ethnicity, smoking associations between | cortisol responses were very
Age: 18-25 > for samping: . . status and baseline a3 or b4 with BMIor | small. More socially evaluative
IL-1ra . Baseline, immediately after a3: Baseline before o o
Group: Recruited students stress fest and 45 minutes strosstest levels. waist circumference. tasks eliciting more robust
IL-6 Excl: BMI<16 & BMI >44 aftor stross test o There were no changes in cortisol may be
P rate: n.a. . b4: reactivity and associations between | required to observe
Setting: Laboratory recovery after stress cortisol response and | correlations.
test cytokine response in
stress test.
O’Donnell BMI Design: C-S Days: 1 time-resolved fluorescenece | Cortisol data: Linear regressions High BMI was Elevated cortisol is implicated
2008 [32] No.: 492 Samples per day: 6 immunoassay continuous adjusted for age, significantly associated | is implicated in a range of
m/w: 350/192 . . Measurement(s): gender, smoking, with a higher AUC health problems including
Times for sampling: - . Lo .
Age: 60 (SD 5) . . . . depression, self-rated | throughout the day, but | adiposity and cardiovascular
Awakening, + 30 mins, b1: 30 mins after . .
Group: subgroup from . . health, wake up time | there were no disease.
. +2.5 hours, +8 hours, +12 awakening minus . o .
Whitehall IT ; . . and household income. | associations with bl or
. . hours and just before going awakening.
Excl: Heart disease, cancer, to bed b3.
hypertension or psychiatric ) b3: Slope as decrease
illness Setting Ambulatory per hou{ between
Prate:ns awakening and
bedtime values (not
including peak)
¢3 AUC over day not
including
Wirtz2008 | BMI Design: Exp Days: 2 Chemiluminescence Measurement(s): Cortisol data: ANOVA | No relationship This study suggests that, while
[33] Glucocorticoid | No.: 42 Samples per day: 8 the first immunoassay a3. Resting value and general linear between cortisol and BMI does not seem to affect
inhibition of M/W:M day, 4 the second day Oral and written instructions. | before stress test models with repeated | BMI for a3, b3 or b4 endogenous cortisol,
inflammation Age:21-65 years Times of sampling: TSST Subjects asked to refiain from b3. Dlumgl'slo'pc me'asurements, (however, BMI seems mﬂammatow activity
Group: recruited from starting between 14:00 h cating and drinking 30 min b4. Reactivity in adjusted for age mean | to have an impact, following stress is less
public advertising in and 1 6500 h the ﬁrst- da prior to each sample. laboratory stress test | arterial blood pressure | lowering the ability to | effectively downregulated with
Zurich, Switzerland Samples taken at rest a}tl. Electronic monitoring for Samples used: and cortisol level at inhibit inflammation | glucocorticoids when BMI
Excl: any medication or TSS"ll)" tart, then 10 2’0 30, | sample times a3. Sample between rest with glucocorticoids increases
chronic condition, current 40. 50 and 60 min e;ﬂer’ test’. 14:00 h and 16:00 h following a stress
;nrl:tt?l;l a Day 2: 08:00 h, 11:00 h, b3. All four samples reaction)
T 16:00 h and 20:00 h day 2
Setting: Laboratory day 1, b4. All eight samples
ambulatory day 2 day 1
Farag 2008 | BMI Design: C-S Days: 1 Enhanced range enzyme Cortisol data: log Regression models No significant It is possible that metabolic
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six months 1960
Excl: None

Setting: Ambulatory

sample

[34] No.: 78 Samples per day: 7 immunoassay kits transformed with loess fitting. associations for BMI | consequences of obesity
m/w: 0/78 Times for sampling: Participants received details Measurement(s): Testing several model | with cortisol at any of | outweigh neuroendocrine
Age: 24-72 Awakening, +40 mins, instructions for producing al: Awakenin including the seven time points | changes due to stress, and are
Group: Employed inrural | 11 0o AM, 2.00PM, 6.00 | samples. aZ' 20mi g socioeconomy and No association between | thus stronger predictors for
public school PM, 9.00 PM and bedtime | A typical workday following :+40 mins perceived stress and | BMT and diurnal slope | HPA axis function in obese
Excl: None Setting: Ambulato an overnicht fast a3: 11.00 AM and 2.00 | biological parameters | i the entire sample, women.
P rate: 38% s Y e ) PM to get best fitted model | pyta negative
a4: 6.00 PM, 9.00 PM, association in subgroup
bedtime with BMI>=30.
b3: Awake +40
minutes minus mean of
9.00 PM and bedtime
value
Brummett BMI Design: C-S Days: 1 ELISA Cortisol data: Mixed models None of the co-variates
2009 [35] No.: 328 Samples per day: 3 Samples collected day continuous adjusting fo neg.at.ive (except p(?sitive affect)
m/w: not stated Times for sampling: following laboratory stress Measurement(s): affect, age, ethnicity, | were significantly
Age: 31 (SD:9) . ! fest. . . . sex, income and associated with
o . Awakening, +30 mins, and . bl: +30 mins minus X X
Group: Sibling pairs by . .. . . smoking statuts awakening response
. . bedtime Participants were instructed awakening
public advertisements . 1ot to eat. drink or brush teeth (b1)
Excl: severe disease or Setting: Ambulatory 0% 1o cat, i Or brush fec
30 mins prior to each sample.
pregnancy
P rate: n.a.
Boyne 2009 | BMI Design: BMI Days: 1 DELPHIA Cortisol data: log- Multivariate logistic No associations A more carefully measured
[36] No.: 40 Samples per day: 4 transformed refgression between BMI and any | cortisol awakening response
m/w: 0/40 . s Measurement(s): of the cortisol measures | could show more distinct
Age:37(SD5) Times for sampling: 8.00 ’ associations.
8¢ AM, 12.00 AM, 4.00 PM, a2: 8.00 AM )
Group: Cohort of mothers .00 PM
in Jamaica o a3: 12.00 AM, 4.00
Excl: systemic illness Setting: Ambulatory PM
P rate: n.s. a4: 8.00 PM
b3: a2 minus a4.
Kajantie 2004 | Waist Design: C-S Days: 1 +1 DELFIA Cortisol data: Correlations and linear | No cortisol Our finding is surprising in the
[37] circumference | No.: 151 Samples per day: Times for Converted to z-scores | regression adjusted for | measurement was light of several studies
HDL m/w: 0/151 sampling: awakening, +15 Measurement(s): postmenopausal associated with any of | showing an association to
. . Age: 76-77 mins. +30 mins. 12.00 AM . . hormone replacement | the components of components of the metabolic
Triglycerides . g , 12 > al: Awakening -
Group: birth cohort study | 5,00 PM, 8.00 PM: Day 2: . | therapy. metabolic syndrome, | syndrome.
Blood glucose | in Finland Moming sample a2: +15 mins, +30 mins except waist
Blood pressure | Excl: Glucocorticoid Settine: Ambulato a3:12.00 AM, 5.00 circumference being
treatment e Y PM negatively associated
Prate: na. ad: 8.00 PM with diurnal variability
a5: Mean of all ®3)
bl: Mean of first three
samples
b3 bl minus mean of
last three samples
Garcia-Prieto | Waist Design: C-S Days: 1 RIA Cortisol data: Group comparisons of | Diurnal cortisol Our results is suggesting that
2006 [38] circumference | No.: 41 Samples per day: 2 continuous tertiles variability was those with a pathological
m/w: 0/41 Times for sampling; 7.00 Measurement(s): myersely associated HPA-axis response develop an
Age: 45 AM b3: difference between with waist android pattern of body fat
Group: Women born in a m(;min and evenin circumference distribution.
Spanish town during first | 1000 PM e s
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P rate: 80%
Hucklebridge | Blood glucose | Design: C-S Days: 1 Solid phase RIA Cortisol data: Correlations with There were no The psyhiology of the
1999 [39] No.: 27 Samples per day: 4 continuous fasting blood glucose | significant correlations | awakening response differs to
m/w: 14/13 . .o - with blood glucose for | that from a acute stress
Times for samplin; Measurement(s):
Age: 20-66 . ping: . blorcl response
Awakening, + 10 mins, + bl: Difference between
Group: Staff and students . . .
U 20 mins, +30 mins +30 mins and
at a university i awakenin:
Excl: ongoing medication | Setting: Ambulatory g
P rate: na. cl: AUC on all values
with respect to ground
Nyklicek Blood pressure | Design: C-C Days: 1+1 biotin-streptavidin Cortisol Data: Group comparisons of | Blood pressure Our results demonstrate a
2005 [40] n 63 Samples per day: 5+1 immunoassay with TR- log transformed hypertensives vs reactivity correlated generalized pattern of
m/w: 30/37 Times of sampling: baseline fluorometric detection Measurement(s): normotesives with cortisol responses | physiological hyperactivity in
age: 44 (SD: 6) le. aft h i Tampon kept in mouth 2 min, | 1. 1 MANOVAs (b4) but not with hypertensives, which included
. sample, after cach stressor i ; ; al: sample at . baseline cortisol (a3) or | the cardiovascular system, the
Group: 42 untreated and next morning at home | Without stimulation by awakening Time of measurement moming levels (al). HP A-axis and the immune
hypenenslyes and 21 at awakening, chewing. Seate@ ina a3: baseline (resting) | Was used as covariate 2 -
normotensives L comfortable chair. Participants |, . for the saliv: system.
K Setting: Laboratory stress . before stress test) ary
Excl: none (matched {est (music, pain, mental were asked to refrain from ; measures
properties) arithmetic ’Sp ee(;h films as using alcohol on the day of the | b4: response during
P rate: n.a. stressors) » Speech, experiment, form caffeine stress test
. consumption for at least 3
hours, and from smoking for
at least 2 h prior to the
laboratory session.
Wirtz2006 | Blood pressure | Design: Exp C-C Days: 1 Competitive chemi- Measurement(s): Cortisol Data: Hypertensives showed | Hypertensive unmedicated and
[41] n: 48 Samples per day: 7 luminescence immunoassay | a3: baseline cortisol at | continuous higher cortisol otherwise healthy men show
m/w: 48/0 Times of sampling; baseline with high sensitivity. rest before stress test | Group comparisons | reactivity (c4) higher cortisol, epinephrine,
age: 44 (SEM: 2) Group: | petween 2.00 PM and 4.00 | Participants were instructed to | ¢4: AUC with respect | between hypertensives compared with and norepinephrine secretions
22 hypertensivesand 26 | pM. and 10,20, 30,40, 50 abstain from food and drink | ¢ increase, response | and normotensives 111(::;?611”:‘21: fs:g(ﬁ; after stress.
normotensives and 60 min. after (other than water) for 2h during stress test ANOVAs for repeated diff s
Excl: Only inclusion of completion of test before experiment and from measures, regressions | © erent (a3).
healthy non-smokers Sefting: TSST, laboratory phys1'cal exercise, alcohol, fmd with BMI as covariate
P rate: na. stress te;st ’ caffeinated beverages starting
the evening before the test
day.
Wirtz2007 | Blood pressure | Design: C-C Days: 2 Participants were instructed to | Cortisol Data: Group comparisons No difference in Apparently healthy
[42] n 42 Samples per day: day 1: 9/ | Wake up fiee (no preset time), | oo transformed between hypertensives | awakening levels (al). | hypertensive and normotensive
mw: 42/0 day?2:5 remain in bed the first 15 min. and normotensives Hypertensives had a men had significantly different
w: y Measurement(s): . X
age: 45 (SEM 3) . £ line: mi and not have breakfast the first . Univariate analyses lower CAR (bl) than | cortisol awakening response
. > . Times o sampling: min, at h frain fi . al: Awakcmng . . fe Kk [
Group: 20 unmedicated 8:00. 11:00. 15:00 and our. Refrain from eating or and ANOVAs did normotensives but | and feedback sensitivity
hypertensives and 22 26‘ 06 h D drinking for 30 min before bl: CAR (awakening, circadian profiles were | suggestiong alterations in HPA
controls - ' each sample. 15, 30, 45, 60) similar (b3). After functioning in systemic
Excl: Only inclusion of iiﬁ;?i’tmgzxﬁfeﬁzon b3: Slope using 08.00, dexamethasone hypertension.
otherwise healthy non- ys. 2 11.00, 15.00 and 20.00 hypertensives had
smokers EieS[ next e\gl;l“g _d 0.5 mg samples higher levels of cortisol
lexam. at and new i
P rate: n.a. CAR next day. cl: AUC in the than normotensives (d).
morning with respect to
ground
d: Dexamethasone
administered at 23.00
h.
Gregg 1999 | SBP Design: C-S Days: 1 RIA Measurement(s): Cortisol Data: For mental arithmetic, | Cortisol measurements and
[43] DBP n: 100 Samples per day: 5 Sampling in connection with | b4. Reactivity continuous b4 was significantly hemodynamic variables
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Heart rate m/w: 50/50 Times of sampling: 40 min | stress-test in a sound- measured as change in | Corrrelation analysis | correlated with change | generally correlated more
Correlations of | age: 17-49 years, mean 20 | before th§ first stressor, 25 | attenuated, tgmperature— levels before and after one-group t-test in heart rate, bl{t strongly for the co!d pressor
salivary cortisol | years and 45 min after each of controlled suite. stress tests uncorrelated with test than mental arithmic,
were a sub- Group: healthy non- WO stressors. blood pressure. For although coefficients were
result, smoking cold pressor test b4 was | only moderate at best.
Excl: Setting: Tests: mental 51lgmﬁcantly correlated
P rate: arimetic and cold pressor with blood pressor and
near significant with
test. heart rate
Krantz2004 | SBP Design: C-S Days: 1 RIA Measurement(s): Cortisol Data: No significant Cortisol was not significantly
[44] DBP n: 21 Samples per day: 4 bd. Reactivity continuous correlation between b4 | influenced by stress exposure
Heart rate m/w 1011 Times for sampling: measured as change in | Correlation analyses a‘ﬁd an?/ ofthe tests Wdl;zfzs SBP dDBP: Heart
. age: 22.5 (19-29) d levels before and after physiological rate, adrenaline an
Adrenaline ) Between 9 am. and 1 p.m.) L
Group: - . stress tests parameters. noradrenaline increased
Noradrenaline | Excl: - Settm%:. [(fbirat'oz test, significantly
P rate: n.a. mental and physical stress
Holt-Lunstad | SBP Design: C-S Days: 1 RIA with chemiluminescence | Measurement(s): ¢3: Cortisol data: Diurnal variation in Cortisol variation was found to
2007 [45] DBP No.: 301 Samples per day: 5 Participants were instructed to | AUC with respect to continuous. Regression | cortisol was a have a stronger relationship
Measured as m/w: 146/155 Times of sampling: at 07:00 avoid alcohol 24 h before, not | ground, using all analyses, adjusted for | significant predictor of | with blood pressure dipping
noctumal blood Age: 31.2(9.8) years h. 12:00 h 17[,)00 E 2. 06 h to brush their teeth 3 h before, | samples Nocturnal age, gender, BMI, BP dipping: the less than any of the other covariates
- Group: Caucasians 82%, P e not to eat a major meal within | blood pressure dipping | phase of menstrual cortisol changed the measured
pressure dip L o ) and on awakening before . . . L
Hispanics 6.7%, Asian Jeaving the bed. Record the 60 min before sample was calculated by cycle, sleeping quality, | less BP dipping.
4.3%) exact fime o fea;ch sample collection, to avoid dairy means of the change morning cortisol, and
Excl: any medication, collection P product 30 min before score (average day daytime blood pressure
pregnancy ; sampling and rinse mouth minus average night)
P rate: n.a. :ettmg: Ambulatory at with water 10 min before
ome sampling
Lucini 2002 | HRV Design: C-S Days: 2 ns. Measurement(s): Cortisol Data: a2: Cortisol levels a A mild real life stressor is
[46] (Correlations n: 30 Samples per day: 1 a2: Samples at Stress | 2-way ANOVA for | regular day and stress- | capable of significantly
between HRV | m/w: not stated ; ing day and regular day. | repeated measures associated change of | altering the HPA axis and the
1 Times of sampling: app. isol level Kin file. rai ial
and salivary age: 22 (1) years 10:30 a.m. two times, first Regular day and Paired t-test c}om'so cvels were cytokine profile, raises arteria
cortisol were Group: healthy, non- time on a “stress-day” 30- difference between Correlation analysis s1_gmﬁcaptly associated | blood pressure an(_i prodpces
sub-results.) smokers of either gender | 60 minutes before levels at stress day and ¥ with mdl?? Of(}]l{e;“ COH&PIGX chelmges m] major
Excl: n.s. P regular day were used. rate variability 5 cardiovascular regulatory
. examination. Control-day 3 Lfiu, Hfw, LF/HF). mechanisms, without
P rate: n.a. months afterward. . .
Setti significantly affecting the
eting: n. s. respiratory pattern.
Sgoifo 2003 | HRV Design: Exp Days: 1 RIA Measurement(s): Cortisol data: b4 correlated Noteworthy, associations were
[47] No.: 30 Samples per day: 2 Tested in a laboratory with b4: Reactivity during | continuous negatively ‘_’I‘f‘th H}l]iV only significant during }t]he first
m/W 15715 : Times for sampling: Before contr'ohlled temparture and light stress test (with ANOVa for repeated O.{R Vanab] ity), the stress episode and not the
Age: 25 (SD~2) and after stress test conditions. continuous ECG measures hlgh‘?r 90111501 second
Group: university students Setine: Laborato Two inferviews were recording) reactivity, the lower
Excl: g: ry . variability
P rate: performed on every day life
’ stressors
Eller 2007 HRV Design: Pros. Days: 1 RIA Cortisol data: 4 year follow-up CAR (bl) was The associations were different
[48] (total power and | No.: 74 Samples per day: 2 Measurement(s): GLM, repeated negatively associated | between the sexes. This can be
high frequency | /W 24/50 . . . L method with BMI, with HRV (total power | due to conincidences related to
quency ; | Times for sampling: bl: +20 mins minus . .
variability) Age: 46 (SD: 8) Awakenine and 420 mins awakenin WHR, SBP, and high frequency) for | the relatively large number of
Group: Subgroup from Setti Axi bul. ' e fibrinogen, cholesterol, | men but not women analyses in a small data set.
larget study cting: atory HbAlc,
Excl: not stated catecholamines as
P rate: n.a. covariates
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Glaser 1999 | IL-1 Design: Exp Days: 1 Chemiluminescence Cortisol data: Group comparisons a2 had no relation with | Stress induced elevations in
[50] IL-8 No.: 24 Samples per day: 3 A blister in the forearm was | continuous based on median splits | cytokines before the glucocorticoid levels can alter
(combination of m/w: 0/24 Times for sampling: 7.00 | induced by suction. All Measurement(s): onIL-1 and IL-8 24 induced wound, but a2, | the carefully regulated system
the two Age: 57(SD: 6) AM. 1:30 PM. 8.30 PM participants followed a a2:7.00 AM hou_rs'aﬁer unnd,_ a3 and a4 was 2'111 that controls development of
ICASUES 4S Group‘: Public S K Labo ? detailed laboratory protocol 23 130 PM participants Wlﬂl high myersely a_ssomated the inflammatory response.
outcome) advertisement etting: Laboratory ERS vs low cytokine levels | with cytokine level 24
Excl: None a4: 830 PM hours after induced
P rate: n.a. wound
Bower 2007 | IL-1beta Design: Exp Days: 1 Lab method not stated. Cortisol data: Spearman correlation | There was a significant | Inadequate secretion of cortisol
[51] IL-6 No.: 25 Samples per day: Sessions started at 3.30 PM Measurement(s): to log_transformed negative association may set the stage for
TNF-alpha m/w: 025 Times for sampling: bid: reactivity as cytokine levels (LPS- | between b4 and IL-6, | exaggerated inflammatory
Age: - ' . stimulated) but no associations response to challenge, and
. Immediately before and at baseline to changes 15 . . ;
Grogp. Breast cancer 15 minute-intervals minutes afier stross test with IL-1beta or TNF- posmbly to a chronic
survivors . alpha inflammatory state.
Excl: cancer recurrence, Setting: Laboratory
other severe condition or
alcohol abuse
P rate: n.a.
Gaab 2005 IL-6 Design: Exp Days: 1 Chemoluminiscence assays Measurement(s): Cortisol data: c4 were not related to | It is indicated that absolute
[52] TNF-alpha No.: 41 Samples per day: 7 c4: Areaunder curve | Continuous levels of IL-6 or TNF- | individual salivary free cortisol
m/w Times for sampling: Just with respect to ground | ANOVAs to compare alpha stress test responses were not related to
Age: before stress test and eroups responses the differences in pro-
Group: 21 participants with regularly until one hour " inflammatory cytokine
chronic fatigue syndrome, fier str Correlations responses in participants with
20 matched controls after stressor or without chronic fatigue
Excl: Medical or Setting: Laboratory test syndrome
psychiatric condition (TSST)
P rate: n.a.
von Kénel IL-6 Design: Exp Days: 1 ELISA Measurement(s): Cortisol Data: There were no Unlike previous studies, we
2005 [53] n: 21 Samples per day: 4 Al participants received a ad: AUC with respect | continuos correlation between ¢4 | did not find a relationship with
m/w: 210 Times of sampling: Saliva | light standardized breakfast | to increase were Wilcoxon, Sperman’s | and IL-6 stress test IL-6. TSST provoke a higher
age:47(SD7) sampled immediatély without caffeine and remained | performed on all four | tho against AUC for | response, although both comspl activity than stressors
Group: Employed at before the preparation staed for additional 30 minutes | samples TL-6. repeated leve}s of IL-6 and used in previous studies that
Institute of Technology phase, immediately after, 45 | before stress test measures ANOVA. cortisol changed ) yould suppress othgr pro-
CRP <10 mg/l and BMI min a;] d 105 min after ’ significantly following | inflammtory cytokines (IL-1,
<=29 stress. the stress test. TNF—alpha) even bgfore 1L-6
Excl: No major medical All participants had §hmulahor} ocours in the
i inflammation cascade.
conditions, morning sessions (starting
P rate: n.a. between 7.30 AM and 8.30
AM)
Setting: Laboratory ,TSST
Wirtz2007 | IL-6 Design: Exp Days: 1 Chemiluminiscence immuno | Measurement(s): Cortisol Data: There were a We did not find that the
[54] TNF-alpha n: 44 Samples per day: day 1: 8 | assay Laboratory session c4: AUC with respect continuous borderline significance | lowering of cytokine levels
m/w: 44/0 Times of sampling: started betweeg 2.00PMand | {0 increase following | Regressions on AUC | (p=0.057) for an throughout the test was
age: 21-65 Bascline, immediately after 4.00 for all subjects. stress test with respect to increase | association betwwena | significantly affected by the
Group: Subpopulation ina | stress test, then every 10" | Participants were asked to of LPS-stimulated highcdandalow | release of stress hormones, as
larger cohort minute up to 60 minutes abstain from alcohol, physical cytokine levels, TNF-alpha. No relation | could have been expected from
Excl: Only inclusion of after completion of the exercise, and caffeinated adjusted for BMIand | between c4andIL-6 | the literature
otherwise healthy non- stress test beverages since the previous mean arterial pressure.
smokers. No atopic Setting: Laboratory evening.
allergies
P rate: n.a.
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Luz 2003 TNF-alpha Design: Exp. Days: 1 RIA Cortisol data: Pearsons moment TNF-alpha levels were | Levels of pro-inflammatory
[55] No.: 79 Samples per day: 3 All samples were taken prior | Measurement(s): product correlations positively associated | cytokines determined in serum
m/w: 30/49 Times for sampling: 9.00 | t0 venepuncture or food intake | 32:9 00 AM wﬁth cytokinn;s with evening cortisol | may not necessarily reflect
Age: 20-40 + 60-91 AM., 12.00 AM 10.06 PM ’ stimulated with (a4), but had no those found in vitro
Group: Recruited to the DT T a3:12.00 AM endotoxin relation to the other
SENIEUR study Setting: laboratory a4: 10.00 PM time points tested (a2
Excl: chronic medical and a3).
condition and use of
glucocorticoids or drugs
P rate: n.a.
Cohen 2006 | Adrenaline Design: C-S Days: 3 ELISA Cortisol data: log Correlations with Neither average The lack of a correlation
[57] Noradrenaline | No.: 193 Samples per day: 7 transformed adrenaline fmd adrenaline nor between average cortisol and
w: 95/98 Times for 3. Mean over day as | noradrenaline as ) noradrenalmf: was catecholamine levels suggests
L . the log of AUC for the | assessed by aweraging | correlated with cortisol. | that these systems are not
Age: 21-55 sampling: Awakening and I, ¢ two 24-hour urine closely associated. It may al
i 2,4,7,9, 11 h after wake up 3 days Y assoclaled. |1 may aiso
Group: responders to ’ samples. have to do with different rates
advertisements in news Setting: Ambulatory at of degradation and uptake of
papers home cortisol and catecholamines.
Excl: pregnant or chronic
disease
Prate: n.a.

Abbreviations: AUC, Area under curve; BMI, body mass index; CAR, cortisol awakening response; CRP, C-reactive protein; C-C, case-control; C-S, cross-sectional; DBP, diastolic blood
pressure; ELISA, enzyme linked immonusorbent assay; Excl, exclusions; Exp, experimental; HDL, high-density lipoprotein; HPA, hypothalamic-pituitary-adrenal axis;; HPLC, high-
performance liquid chromatography; HRV, heart rate variability; IL, interleukin, LDL, low-density lipoprotein; m/w, men/women; n.a., not applicable; n.s. not stated; P rate, participation
rate; Pros, prospective; RIA, radioimmunoassay; SBP, sysstolic blood pressure; SD, standard deviation; SEM, standard error of mean; TNF, tissue necrosis factor; TSST, Trier social stress
test; WHR, Waist-hip ratio.
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Inflammation and Cortisol

It is well known that cortisol exerts anti-inflammatory effects. The discovery in the late 1940s that a
synthesized cortisol derivate could reverse inflammation in rheumatoid arthritis [59] led to a Nobel Prize.
The anti-inflammatory properties have resulted in widespread clinical use of exogenous cortisol (or
hydrocortisone as the synthetic form is named).

Thus, the associations in this overview may have been expected to be stronger than shown. In addition to
the general problem with possible beta errors due to low statistical power in some analyses, it should be
remembered that cytokines are measured in very low concentrations (pg/ml). Thus, statistical analyses on
cortisol and cytokines are much more vulnerable to possible insensitivity of laboratory methods than
statistical analyses on the other markers covered in this chapter. Moreover, there might also be a
considerable variation of cytokine levels within subjects. For instance, von Kénel and colleagues compared
levels of interleukin-6 (IL-6) measured at a laboratory visit and then a visit 2 weeks later, and found no
correlations between IL-6 concentrations at the two time points [60].

However, a couple of studies reported that a higher capability to react with cortisol secretion on a stress test
and good capability to recover after a stress test are associated with lower levels of inflammatory markers
[16, 50, 51]. Thus, the reported positive association between a higher cortisol output throughout the day and
IL-6 [29, 30] is in line with earlier research on the role of cortisol in immunoregulation in studies on patient
populations [7, 61]. Fanatidis and colleagues proposed that “inappropriately normal” cortisol levels due to
limited capability to respond with increased cortisol levels may not be sufficient to limit an ongoing
inflammation [61]. Raison and Miller describe a situation “when not enough is too much”, with increased
levels of cortisol due to downregulation of receptors on target cells, making glucocorticoid signaling in
immunoregulation insufficient [7].

The total numbers on cytokines and other inflammatory markers are few, especially compared with the number
of studies focusing on some or several aspects of metabolic abnormalities. This implies that the main paradigm
in stress research on cortisol and its physiologic effects has focused on energy supply rather than regulation of
inflammation. More research on the association between cortisol in saliva and inflammatory markers is needed
to elucidate whether salivary cortisol may be a marker of relevance in clinical settings regarding diseases
related to inflammation such as autoimmune diseases and coronary events.

Adrenaline, Noradrenaline and Cortisol

The number of studies reviewed is low perhaps because it is unusual to draw blood and collect saliva
samples in the same study design (in comparison, there were 2090 hits on PubMed for a search on “cortisol
and “adrenaline” but omitting “saliva*”). It is therefore not easy to draw any general conclusions on
associations between salivary cortisol and adrenaline or noradrenaline. The few studies included in this
overview do not provide support for a strong relationship.

In recent research, salivary alpha-amylase has been suggested as a good proxy for activity in the
sympathetic adrenal medullary axis [62, 63]. This opens up the possibility to explore the association
between the two main stress hormone systems in observational studies, using non-invasive procedures. A
few studies have investigated the association between salivary alpha-amylase and salivary cortisol [64, 65].
None have reported any significant correlations between the two stress hormone systems, for single time
points or change over the day. This is in line with the studies presented in this chapter evaluating salivary
cortisol in relation to urinary catecholamines.

Limitations

A number of problems can be listed when studying the association between salivary cortisol and other
physiological measures. Most of the other physiological measures were measured in other matrices than saliva,
typically blood or urine. Using different matrices may pose problems e.g. due to half-life and timing of samples.
When looking at well-designed studies of cortisol, measurement of salivary cortisol has been found to be an
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excellent indicator of unbound concentrations of cortisol in serum [66-69]. The studies show that the correlation
between mean saliva cortisol and mean serum cortisol were approx. r = 0.6 and with a mean cortisol
concentration in serum 10-20 times higher than the concentration measured in saliva. Furthermore, even though
there is a close correspondence regarding circadian fluctuations of cortisol in saliva and plasma [70], the half
lives of various biological measures are not easily comparable to cortisol and per se dependent on the biological
fluid. In most of the studies included in the present chapter the sampling of saliva and blood or urine was most
often carried out at different time points. A profound diurnal variation will affect the results, particularly if there
is a large variation in the time difference between samples or when during the day samples are taken. £.g. the
difference in concentrations of cortisol between two saliva samples taken on hour apart is much larger in the
morning compared to the evening due to the diurnal variation in cortisol.

Comparison between concentrations of cortisol in saliva and other physiological measures in urine poses
yet another problem. Whereas concentrations in saliva is affected only by the past few minutes
concentrations measured in urine represent the mean excretion since the past urine void.

The sampling design is very closely related to whether the topic of concern is acute or long term stress or a
mixture. If the biological measure has a low diurnal and monthly variation and there is an effect of a
stressor, it is relevant to talk about a stable measure over time. In contrast, a biological measure with a large
diurnal and monthly variation will be influenced by a number of daily hassles. However, the general level
of which the measure is fluctuating around may be influenced by a long term perception of stress [71].

CONCLUSIONS

The number of non-significant findings was considerable. This is true for metabolic abnormalities, markers
related to inflammation as well as other stress hormones. This overview may suffer from a large number of
studies with relatively small study populations. With regard to metabolic abnormalities, the data point to an
association between a lower cortisol peak than normal and high BMI or high waist circumference. Further
studies on inflammatory markers are needed to elucidate the association with cortisol in saliva.
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Abstract: The aim of the present chapter was to analyze whether measures of cortisol in saliva were
associated with measures of sleep and to explore if divergent results were related to underlying
differences in theoretic assumptions and methods. Measures of sleep quality included sleep duration,
overall sleep quality, difficulty falling asleep, disturbed sleep, and sleep deprivation. Twenty-three
papers were found to fulfil the inclusion criteria. Cortisol measures were grouped into single time points
at different times during the day, deviations at different time periods during the day, reactivity and
recovery after a standardized laboratory test, area under the curve and response to dexamethasone test.
A large proportion of the studies included showed nonsignificant findings, which, in several cases, may
be a result of low power. The most consistent results were a positive association between sleep duration
and single measures of salivary cortisol at awakening, which was observed in 3 studies. In these studies,
sleep duration was also associated with low evening cortisol levels, steep diurnal deviation of cortisol
and/or high area under the curve. Together these findings suggest that longer sleep duration is related to
a more dynamic cortisol secretion. Two of the 6 studies on disturbed or restless sleep showed relations
to flat diurnal deviation and low laboratory stress test reactivity. This to some extent corroborates the
findings on sleep duration. However, the many nonsignificant findings as well as the theoretical and
methodological differences (e.g., heterogeneity in measures) complicate comparisons. Conflicting
results may be at least partially due to differences in methods and underlying assumptions.

Keywords: Salivary cortisol, sleep, sleep quality, sleep duration, sleep deprivation, difficulty falling asleep,
single time point measures, deviations measures, area under the curve, dexamethasone.

INTRODUCTION

The stress response can be described as an increase in arousal in response to a real or anticipated
perturbation of homeostasis [1]. The Hypothalamus-Pituitary-Adrenal Cortex (HPA) axis is one of the main
stress systems with cortisol as a main actor [2, 3]. The underlying anatomy of the stress response is closely
interconnected with the anatomy that regulates sleep and wakefulness [4, 5]. Emotional and cognitive
arousal may therefore provide inputs that override the normal circadian and homeostatic processes that
otherwise govern sleep and wakefulness in normally healthy humans [4, 6]. The interconnectedness also
makes sleep a potent factor that may modulate most components of the endocrine system [6]. To
summarize, there is a possible bidirectionality between stress and sleep.

Cortisol levels have a circadian peak early in the morning, show a decline throughout the day and are near
the limits of detection in the late evening [6]. The secretion of cortisol is inhibited at sleep onset, and during
the early part of the sleep period, and cortisol concentrations continue to decrease until a few hours before
normal waking time when they start to rise again [6-8].

In experimental studies, induced sleep deprivation lead to higher cortisol concentrations the subsequent
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evening [8] and HPA axis hormones such as cortisol-releasing hormone had a negative effect on sleep
quality with increased episodes of rapid eye movement sleep and inhibited Slow-Wave Sleep (SWS). In
contrast, cortisol has been shown to promote SWS [9].

Although the theoretic and empirical evidence of a close interconnectedness between sleep and HPA axis
hormones is strong, there are still several unknowns with regard to understanding the interplay between stress
reactions and sleep. As in other areas of stress research, findings have been disparate on these interactions.

AIM

The aim of the present chapter was to analyze whether measures of cortisol in saliva were associated with
measures of sleep and to see if possible divergent results were functions of differences in assumptions made and
methods used.

METHOD

In a first step, an online search of the NCBI PubMed database (National Library of Medicine, National
Institutes of Health, Bethesda, MD, USA-http://www.ncbi.nlm.nih.gov/PubMed) was conducted. The
search covered the time period up to October 1, 2009. The search terms were “sleep AND (saliva OR
salivary) AND cortisol”. One hundred and eight-eight papers were found after limiting the search to papers
written in English and studies on humans. Of these, 69 were selected for further scrutiny based on the titles
and abstracts. They were supplemented with hand searches. In this step, studies were only included in this
review if the study group comprised healthy adults and the study included specific statistical analyses of the
association between sleep and cortisol.

Measures of sleep quality included (1) sleep duration, (2) overall sleep quality, (3) difficulty falling asleep,
(4) disturbed sleep, (5) premature awakening, and (6) sleep deprivation. Sleep duration is a well-defined
measure of the number of hours a person sleeps. It may be assessed from self-reports, actigraphy, or
polysomnography (PSG). Reports on sleep quality such as ease of awakening, sleep efficiency, and
sufficient sleep by use of questionnaire, logbook or actigraphy were all considered as indicators of overall
sleep quality. Sleep quality may be related to sleep problems and divided into categories related to different
parts of the sleep: difficulty falling asleep, disturbed sleep (difficulties maintaining sleep), and premature
awakening. Difficulty falling asleep covered ease of sleep (inverted), speed of sleep onset (inverted), sleep
latency, but not sleep onset, and time of falling asleep. Disturbed sleep covered restless sleep, nocturnal
awakenings, time awake after sleep onset, number of microarousals during the night, and number of wake
periods after sleep onset. In studies of sleep deprivation participants are actively kept awake.

In the following analyses findings were considered significant if p-values were <0.05. As most of the
studies had small numbers and seemingly low statistical power, we also included marginally significant
results (0.05<p<0.10) denoted by arrows in parentheses in Table 1.

RESULTS

In total 23 papers fulfilled the inclusion criteria. A brief summary of the results (indicated as arrows
denoting positive associations, or negative association and zero for a nonsignificant finding) are presented
in Table 1. More detailed information on study design, statistical approach, main results, and discussion for
each of the 23 papers is presented in Table 2.

Results are presented for each sleep measure. Cortisol measures were grouped as follows. Single time
points at: al, awakening; a2, morning; a3, midday; a4, evening; a5, all day. Deviations during: bl,
morning; b2, midday; b3, morning to evening; b4, laboratory test. Area Under the Curve (AUC): cl,
morning (increase/ground). Suppression test: d, response to dexamethasone (DST). No studies were found
for premature awakening.

Sleep Duration

Thirteen papers were found to test the association between salivary cortisol and sleep duration [10-22]. In
the 13 papers there were 37 analyses on relationships between measures of salivary cortisol and sleep
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duration. The proportion of significant relationships were 4/16 (25%) for single time points, 6/12 (50%) for
deviations, 2/8 (25%) for AUC and 0/1 (0%) for dexamethasone test.

The most consistent results were a positive association between sleep duration and a single measure of salivary
cortisol at awakening found in 3 studies [19-21]. In these studies, sleep duration was also associated with low
evening cortisol levels [19], steep diurnal deviation of cortisol [19, 20], and with high AUC [21].

In 7 studies the authors failed to find any statistically significant associations between single measures of
cortisol and sleep duration [11, 12, 15-17, 22]. The size of these studies was, in general, very small.

The association between sleep duration measures and deviations in cortisol measures was investigated in 7
studies. Morning deviations in cortisol concentrations were found to be positively associated with sleep
length in an experimental study of 16 young people (8 morningness and 8 eveningness) using PSG [16]. In
2 ambulatory studies with more than 200 participants [10, 14] and a study of 2761 civil servants using self-
reports negative associations to morning deviation in cortisol concentrations [20] were found.

Two studies showed a positive association between self-reported sleep duration and diurnal deviation of
cortisol [19, 20]. In 4 other studies, no significant associations were found [11, 12, 15, 22], although
tendencies were observed in 1 [22].

Morning AUC was the only AUC investigated in relation to sleep duration [12, 13, 18, 21, 22]. One study,
a case study with 50 days of sampling, showed a positive relationship. In contrast, 1 study, which used an
insomnia scale and defined sleep duration as “more than six hours sleep”, showed a negative relationship.
Two out of 4 studies had only nonsignificant findings.

Overall Sleep Quality

Associations between sleep quality and measures of salivary cortisol were assessed in 8 studies [11, 12, 15, 17,
19, 21, 23, 24]. In the 8 papers there were 28 analyses on relationships between measures of salivary cortisol
and overall sleep quality. The proportion of significant relationships was 5/21 (24%) for single time points, 1/5
(20%) for deviations, and 0/2 (0%) for AUC. Sleep quality was measured mainly by use of self-reports, but also
PSG [13].

The most consistent pattern, a positive association to a single measure at awakening [11] or in the morning
[17, 23], was observed in 3 studies. However, 5 other studies found no associations with a single morning
or awakening cortisol measure [12, 15, 19, 21, 24]. In 4 studies, sleep quality was examined in relation to
single measures in the afternoon or an evening measure; no associations were found [11, 15, 19, 24]. No
significant associations were seen for sleep quality and deviations in cortisol concentrations [12, 19, 24].

One study found a positive relationship between stress reactivity and sleep quality measured as sleep
efficiency by actigraphy, but not by self-reports [15]. One study examined associations between sleep
quality and morning AUC, and found no significant relationship [21].

Difficulty Falling Asleep

Three studies assessed a total of 10 associations between salivary cortisol and difficulty falling asleep [15,
23, 25]. The proportion of significant relationships was 0/5 (0%) for single time points, 2/3 (67%) for
deviations, and 1/2 (50%) for AUC. Difficulty falling asleep was assessed by use of actigraphy and self-
reports (ease of sleep (inverted), speed of sleep onset (inverted), sleep latency, and time to fall asleep). The
studies all used different types of cortisol measures.

Only 1 of the 3 studies reported significant associations, and the results were mixed [25]. In the same study
the association between self-reported difficulty falling asleep in terms of ease of sleep was positively
related to slope, whereas speed of sleep onset was negatively related [25]. High self-reported difficulty
falling asleep was related to high AUC morning [25]. No other significant associations were observed
between self-reported ease of sleep and measures of cortisol [15, 23, 25].



Sleep and Salivary Cortisol The Role of Saliva Cortisol Measurement in Health and Disease 119

Disturbed Sleep/Restless Sleep

Disturbed or restless sleep was examined in 6 studies [11, 12, 15, 20, 21, 26] analyzing a total of 22
relationships. The proportion of significant relationships was 3/13 (23%) for single time points, 4/7 (57%)
for deviations, and 0/2 (0%) for AUC. Disturbed sleep was assessed as the number of microarousals during
the night using PSG, forced awakening, actigraphy, and self-reports (restless sleep, nocturnal awakenings,
time awake after sleep onset, and number of wake periods after sleep onset).

Four studies included associations with a single cortisol measure at awakening or in the morning: 1 found a
positive association with the number of microarousals [12], 1 found a negative association with self-
reported frequency of nightly awakenings, but no association with self-reported wake time after sleep onset
[11], and 2 found no associations [20, 21]. No associations were observed for single measures of cortisol
later in the day [11, 15].

One study investigated the relation between disturbed sleep and diurnal deviation and found a negative
association [20]. No significant findings were seen in the 3 studies that investigated the relationship
between morning deviations of cortisol and disturbed sleep in terms of nightly microarousals[12], forced
awakenings [26], and sleep disturbance [20]. One study investigated the effect of disturbed sleep the night
before a laboratory stress test, and found negative associations with reactivity [15].

AUC in the morning was tested in relation to disturbed sleep on a day to day basis in a case study with 50
days of sampling; and no significant associations were found [21].

Sleep Deprivation

Six studies investigated a total of 8 associations between sleep deprivation and measures of salivary cortisol
with mixed results [27-32]. The proportion of significant relationships was 2/5 (40%) for single time points,
1/3 (33%) for deviations, and 0/0 (0%) for AUC. The studies used either 1 night of sleep deprivation [28-
30, 32] or 5-6 nights of only 4 h sleep [27, 31].

In 1 study sleep restriction was associated with increased concentrations of cortisol in the evening and
smaller decline in cortisol during the afternoon [27]. In another study it was found that cortisol
concentrations were higher in the afternoon after sleep deprivation [29]. In 4 studies using cortisol
concentrations in the morning, evening, and during the day following sleep deprivation, no associations
were observed [28, 30-32].

Table 1: Summary of main findings of associations between measures salivary cortisol and studied domains sorted by
year of publication

References | Year | Exposure | Awakening | Design | n M/W Single time points (or Deviation AUC | Dexamethasone
time sum/mean of two or more | Difference/slope suppression test
time points) for two or more
time points

al [a2 [a3 [as]as|or [o2]03 [oa Jer |4

Sleep duration

Wiust [10] [ 2000 | SR C-S 509 |190/319 d

Backhaus [ 2004 | SR Cc-C 29 | 21/8 @0 0

[11]

Ekstedt 2004 | PSG 07:00h+1 |C-S 24 10/14 0 |0 0

[12] h

Federenko |2004 | SR 04:00 h Exp 49 0/49 0 0
[13]

Schlotz 2004 | SR C-S 219 | 102/117}0 {

[14]

Wright [15] | 2007 | SR/AG 53 0/53 0 00
Griefahn 2008 | PSG Exp 16 16/0 0 I
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[16]

Gustafsson | 2008 | SR C-S 25 13/12 00
[17]
Liberzon 2008 | SR Pros 31 13/18 ojo
[18]*
Hsiao [19] |2009 | SR 06.65 h, C-S 106 | 35/71 T ¢ 0
SD 1.3
Kumari 2009 |SR 06:13- cs 275 |? T { 1
[20] 07:44 h 1
Stalder [21] [ 2009 | SR C 1 1/0 T ol7r
Vreeburg 2009 | SR 07:20,SD | C-S 491 | 199/292 0 0 ) ) dlofjo

[22] 1.1

Overall sleep quality

Bailey [23] | 1991 | SR C-S 20 16/4 T
Backhaus | 2004 | SR Cc-C 29 21/8 ™ | 00 00
[11]
Ekstedt 2004 | PSG 07:00 h C-S 24 10/14 0 |0 0
[12] +1h
Wright [15] | 2007 | SR 53 0/53 00 To
Gustafsson | 2008 | SR C-S 25 13/12 100
[17]
Dahlgren 2009 | SR Pros 14 8/6 0 |0 0 0
[24]
Hsiao [19] |2009 | SR 06.65 h, C-S 106 | 35/71 0 0 0
SD 1.29
Stalder [21] [ 2009 | SR C 1 1/0 0 0o
Difficulty falling asleep
Bailey [23] | 1991 | SR C-S 20 16/4 00
Wright [15] | 2007 | AG 53 0/53 0 0
Lasikiewicz | 2008 | SR C-S 147 | 68/79 00 I 0
[25]
Disturbed sleep
Backhaus | 2004 | SR C-C 29 21/8 10 |00 00
[11]
Ekstedt 2004 | PSG 7AM+1 |C-S 24 10/14 T 0
[12] h
Dettenborn | 2007 | Forced Exp 13 0/13 0
[26] awake
Wright [15] [ 2007 | AG 53 | 0/53 000 W
Kumari 2009 | SR 6:13-7:44 | C-S 275 0 0 {
[20] 1
Stalder [21] [ 2009 | SR C 1 1/0 0 0o
Sleep deprivation
Spiegel 1999 | Sleep Exp |11 [11/0 ) {
[27] restricted
Heiser [28] | 2000 | Forced Exp 10 10/0 0
Goh [29] 2001 | One night Exp 14 0/14 0
Pagani [30] | 2009 | One night Exp 24 12/12 0 0
Van 2009 | Restricted Exp 19 19/0 0
Leeuwen
(31]
Birchler- 2009 |40h Exp 32 16/16 0
Pedross
[32]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory test reactivity/recovery; c1, morning increase/ground; AG, actigraphy; AUC, Area under the curve (increase vs ground) ; C,
case; C-C, case-control; C-S, cross-sectional; Exp, experimental; M, men; Pros, prospective; PSG, polysomnography; SR, self-
reported; W, women. T indicates that the slope is steeper.

“Sleep length >6 h.

"Significant finding only in evening types.
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Table 2: Descriptives of the articles on salivary cortisol and sleep parameters sorted by domain of sleep parameter and year of publication

References | Outcome Study design/group Sampling Laboratory method and Statistical approach for Statistical analysis, cortisol in | Results on cortisol and sleep
characteristics standardization in sampling | cortisol measurementin | relation to outcome
relation to sleep
Wiist 2000 | Sleep length: Design: C-S Days: 2 RIA Measurement(s): Cortisol data: Continuous Positive correlation between
(10] TST No.: 509 Samples per day: 4 Statistics: Pearson correlation | Sleep duration and mean cortisol
Method: M/W: 190/319 Times for sampling: al. Cortisol on awakening | and ANOVA with repeated increase from awakening (b1)
Self-report Age: 373 (18-71) years | Awakening, +15,30, and 60 bl. Mean increase from | Measures
Group: Healthy min, awakening
) Setting: Ambulatory (at home) cl. AUC
Backhaus Sleep length: Design: C-C Days: 7 RIA Measurement(s): Cortisol data: Continuous Trend for negative correlation
2004 [11] TST No.: 29 Samples per day: 3 Not to use food, alcoholic | All by means of same time | Stafistics: Pearson correlation betweer} TST and cortisol at
Sleep quality: M/W:21/8 Times for sampling; beverages, caffeine, fruit point over the 3 and ANOVAs awakening (al)
PSQL feeling of recovery | » - 35 65 vears Awakening, +15 min and juice, or brush teeth 1 h consecutive days Positive correlation between
Disturbed sleep: Grgo u i 'msoinjacs before going to bed before sampling al. Cortisol on awakening sleep quality, and feeling of
Frequency of nightly (rFlf)' and health Setting: Ambulatory (at home) a2. Cortisol 15 min after recovery, and cortisol at
awakenings, wake time after controls (n=15) Yy awakening awakening (al)
sleep onset ad. Cortisol at bedtime Negative correlation between
Method: frequency of nightly awakenings
Questionnaire (PSQI), and cortisol at awakening (al).
feeling of recovery No correlation between wake
time after sleep onset and
awakening cortisol (al)
No correlation between sleep
parameters and cortisol 15 min
after awakening (a2) or cortisol at
bedtime (a4)
Ekstedt 2004 | Sleep length: Design: C-S Days: 2 RIA Measurement(s): Cortisol data: Log transformed | No association between total
(12] ST No.: 24 Samples per day: 9 No current smokers, non- al. Single awakening Statistics: Stepwise multiple sleep time and awakf?ning o
Sleep quality: M/W: 10/14 Times for sampling: sedentary lifestyle and sample regression analyses. Pearson | Cortisol or mean cortisol within
Sleep efficiency Age: 30,5+ 0.5 years Awakening, +15, 30, and 60 moderate alcohol intake a2. Awakening cortisol as | correlation coefficient 60 min aﬁelj awakening
Disturbed sleep: Group: High (m12)and | ™" 11:00, 1500, 19:00,21:00 a mean morning value of 4 | Confounders: No association between sleep
Number of arousals low (g;l 2) bumout h and bedtime samples, at awakening, 15, efficiency and cortisol
Method: recruited from a Sw’edjsh Setting: Ambulatory. Saliva 30, 60 min post awakening More‘njghtly‘ arogsals were
2 PSG recordings carried out | IT company collected at day after the PSG bl. Deviation moming assoc1a§ed Wlth'hlgher
in the subject’s home (before value (CAR (difference 0- awakening cortisol and mean
workday/ 60 min) cortisol within 60 min after
day off) awakening
No association between any sleep
measure and morning deviation
Federenko Sleep duration: Design: Exp Days: 2 RIA Measurement(s): Cortisol data: No correlation between sleep
2004 [13] TST No.: 49 Samples per day: 4 Not to smoke, eat and drink | bl. Mean increase from | Statistics: Person’s correlations | duration and mean increase from
Method: M/W: 0/49 Times for sampling: Just water in the firsthour | awakening Confounders: Oral awening or AUCqoum
Self-report Age: nurses: 403 years, | Awakening, +30, 45 and 60 after awakening, not to cl. AUCyuna contraceptives
students: 25 years " | min brush teeth, avoid
Group: Nurses working Setting: Nurses: collected 1st microinjuries in oral cavity
shifis (n=18) and students | @d 2nd day of 3 different
with regular sleep cycle shifts. Students: after early
(0=31) evening nap on 2 days
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Schlotz 2004 | Sleep length: Design: C-S Days: 7 consecutive RIA Measurement(s): Cortisol data: Continuous No association between sleep
[14] 2 No.: 219 Samples per day: 4 Statistics: ANOVA with duration and cortisol on
Method: M/W: 102/117 Times for sampling: al. Cortisol on awakening | repeated measures awakening (al)
? Age: 43.6 (24-83) years | Awakening, +15,30, and 60 bl. Mean increase from Positive association between
Group: Healthy min, awakening sleep duration and mean cortisol
Toup: i i
P Setting: Ambulatory (at home) increase from awakening (b1)
Wright 2007 | Sleep duration: Design: C-S Days: 1 Immunoassay Measurement(s): Cortisol data: Logarithmic Positive association between
(15] TST (actigraphy and self- No.: 53 Samples per day: 4 After stress test the a3. Single measure at (base 10) SleeP efﬁcien_cy (actigraph) and
reports) M/W: 0/53 Times for sampling: Base line | Participants were asked to | baseline (14:00 h) Statistics: Pearson’s cortisol reactivity to test
Sleep qualz"ty: Age: 37.3 (+9.9) years | cortisol before stress test (14:00 ‘relax and read _general b4. Reactivity to test conelqtions, uni\fan‘ate Ncgativc association bctvs{ccn all
Sleep quality and sleep T ) h), post test, +30 min and 45 interest magazines analysis and partial 3 disturbed sleep and cortisol
efficiency Group: Healthy min post test correlations adjusting for reactivity to test
Difficulty falling asleep: Setting: Laboratory with stress baseline cortisol No association between TST,
Sleep latency test sleep latency, self-reports of sleep
Disturbed sleep: quality and length and cortisol
‘Wake up %, minutes awake, reactivity to test
number of wake periods No association between actigraph
Method: measures and baseline cortisol
Actigraph and sleep log (14:00 h)
(Pittsburgh sleep diary) over
7 days
Greifahn Sleep duration: Design: Exp Days: 6 days (?) LIA (IBL) Measurement(s): Cortisol data: Continous? TST had positive association
2008 [16] TST No.: 16 Samples per day: 2 No smoking, no teeth a2. Single measures at Statistics: ANCOVA with with bl after night sleep
Method: M/W: 16/0 Times for sampling: 7:00 h, brushing prior sampling 07:00 h repeated measures correlation | TST not associated with cortisol
PSG Age: 1927 years +30 min. Only those when bl. Deviation morning Confounders: atawakening (a2)
. . wakeup is after 06:50 h concentration, at 07:00 h
Group: momingness i and 30 min later
(n=8), eveningness (n=8) | Setting: Laboratory
Gustafsson | Sleep duration: Design: C-S Days: 2 RIA Measurement(s): Cortisol data: ? Association between less
2008 [17] Sleep length No.: 25 Samples per day: 6 All participants were asked | a2. Two measures, approx. | Statistics: Linear regression. sufficient sleep (better sleep
Sleep quality: M/W: 13/12 Times for sampling; 15-30 min | t0 rise and go to bed atthe | 07:00 h and 09:00 h Repeated measures ANOVA qual_lty) and higher morning
Sufficient sleep, generally Age: 24-62 years after awakening and every 2 h | same times during days of Confounders: cortisol (Péth measures)
difficulties sleeping because ’ ; until 20:00 h measurement No association between sleep
of work Group: White collar . duration or difficulties sleeping
workers Setting: Ambulatory b :
Method: ecause of work and morning
Questionnaire cortisol
Liberzon Sleep duration: Design: Follow-up Days: 6 RIA Measurement(s): Cortisol data: No other correlation between
2008 [18] Method: No.: 31 Samples per day: 4 Not to eat, drink, smoke, clg. AUC with respect to | Statistics: total sleep time and cortisol
Not mentioned in methods | pv/w: 13/18 Times for sampling: brush teeth or rinse mouth | ground Confounders: Perceived stress | easHres in fotal sample
section Age: 18-38 years Awakening, +15,30,45 min | until after 45 min sample cli. AUC for increase and control (Likert scale)
Group: Students (n=23) | Setting: Ambulatory (awakening response)
and science staff (n=4)
and ships crew member
(n=4)
Hsiao 2009 | Sleep duration: Design: C-S Days: RIA Measurement(s): single Cortisol data: Natural Association between longer sleep
[19] Total time slept No.: 106 Samples per day: 5 Not to brush teeth, avoid measures at awakening logarithm and steeper slope (b3), higher
Sleep quality: M/W: 35/71 Times for sampling: oral blood contamination and over a day Statistics: Two-level individual awe{kerln'ngﬂ;:omsolA(a] 2’ L‘;Wﬂ
i i i i i i cortisol in the evening (a:
Sleep quality last night Age: 38.5 years (SD9.7) | Awakening, +45 min, 12:00 b, beforfz sampling, NOF toeat |al. Awakening cortisol growthAcurve model. (multiple 1o g
Method: 17:00 h. 2100 h 45 min after awakening and | 44, Evening cortisol regression model for nested, | No association between sleep
‘onnai Group: 106 healthy TR 30 min before collectin, L . repeated data) uality and cortisol
Questionnaire subjects (and 126 patients | Setting: Ambulatory ¢ b3. Deviation (diurnal P q
’ samples Confounders: Several
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bl. Deviation morning

load, awakening time, stress at
bedtime, sleep quality, stress,
sleepiness exhaustion, self
related health

with major depression - profile) confounders are adjusted for in
not used in present two different models
review)
Kumari 2009 | Sleep duration: Design: C-S Days: Immunoassay method Measurement(s): Cortisol data: Log cortisol data | Association between long sleep
[20] TST divided into 1-h No.: 2751 Samples per day: 5 Provide 6 samples on a al. Single time point, Statistics: Multilevel, duration and higher cortisol. at
categories M/W: 2 Times for sampling: normal weekday awake interaction term awakening (al) and steeper
Disturbed slecp: Age:? Awakening, +30 min, +2.5, 8, bl. Deviation morning Confounders: Age, sex, glumal Sllo pe (t;3)- AdSSOC'laUOn d
Sleep disturbance N 12h profile employment grade, awakening ctween long sleep duration an
. Group: Whitehall ) o . . . i . flatter morning slope (b1)
}Il:I e’ﬁ"d-k d o Setting: Ambulatory b3. Deviation morning to “T“imsrf“Oklng status, waist Association between less
ogbook and questionnaire i circumference
¢ B evening (profile) disturbed sleep and steeper
diurnal slope (b3)
Stalder 2009 | Sleep duration: Design: Case study Days: 50 with 3 days interval | ELISA method Measurement(s): Cortisol data: Log transform | Positive association between
(21] TST No.: 1 Samples per day: 4 Sat for 15-30 min when al. Awakening Statistics: Repeated measures sleep duration and awakening
Sleep quality: M/W: 1/0 Times for sampling: sampling, otherwise moved | concentration ANOVA cortisol and AUCyouna
Disturbed sleep: Age: 27 years Awakening, +15, 30 and 45 freely in relation to sampling | ¢1, AUC g Confounders: Alcoholic drinks | NO association between disturbed
Nocturnal awakenings min tumes ¢l. AUChimase consumed the evening before | Sleep and sleep quality and
Method: Setting: Ambulatory measurement day cortisol
Sleep log No association between any sleep
parameters and AUCyease
Vreeburg Sleep duration: Design: C-S Days: 1 Immunoassay method Measurement(s): Cortisol data: AUC, evening | Less than 6 h sleep is associated
2009 [22] Sleep length (more or less No.: 491 Samples per day: 7 When sampling no cating, | a2. cortisol and DST were log with increase in CAR
than 6 h) M/W: 199/292 Times for sampling: smoking, drmkmg tea or ad. tran‘sf(?nneé . (AUCherace)
Method: Age: 43.0 years Awakening, +30, 45,60 min, | coffee, or brushing teeth 15 bl. Deviation morning Statistics: Linear mixed Tendency for less than 6 h sleep
Insomnia rating scale . 22:00 h. 23:00 h. Samples min before ’ models or linear regression is associated with steeper
Group: volunteers U, 2500 D Samp! b3. Deviation 23:00 h. ; i iati
without psychopathology | taken more than 5 min from av&;akcnin i ajvid;d analysis morning fievlatlon (bl)and a
Excl: Taking protocol time were discarded by numbe%s of hours in Confounders: steeper diurnal slope (b3)
antidepressants, pregnant | Setting: Ambulatory. Day after between (diurnal slope) Socm@emogr aphic factors, No association Wth moming
or breastfeeding, on dexamethasone 0.5 mg directly eli. AUC..—— momin health indicators cortisol (a2), evening cortisol
medication with after sampling time at 23:00 h ) nerease A J (a4), AUCgung morning, or post
corticosteroids clg. AUCguug morning dexamethasone
P rate: 78.3%, with at ?b};%t dexamethasone
least one usable cortisol
measurement
Bailey 1991 | Sleep quality: Design: C-S Days: 1 RIA Measurement(s): Cortisol data: Continuous Positive association between
(23] Sleep quality No.: 20 Samples per day: 7 a2. Single cortisol levels | Statistics: -test, Pearson sleep quality and total cortisol in
Difficulty falling asleep: M/W: 16/4 Times for sampling: Arising, product-moment correlation | €vening type group, but not in
Sleep onset Acc: 2339 vears 20, 40, 60, 80, 100, and 120 coefficients, Spearman rho moming type group
Method: £ y. min correlation coefficients No association between sleep
Sleep log Gri)up: morning types Setting: Ambulat onset and total cortisol in evening
(n=10) and evening types | SCHNg: ulatory or morning type group
(n=10). Recruited from
the general population
Dahlgren Sleep quality: Design: C-S Days: 28 RIA Measurement(s): Single Cortisol data: Log data No associations between sleep
2009 [24] Method: No.: 14 Samples per day: 3 No food, no teeth brushing | time points: Statistics: Multiple regression | quality and measures of cortisol
Karolinska sleep diary for4 | p/w: 8/6 Times for sampling: 30 min before saliva al. Awake analyses by time. ANOVA of
weeks Age: 44 years Awakening, +15 min, bedtime | Sampling a2. Moming repeated measurements
Group: Office workers | Setting: Ambulatory a4. Evening Confounders: Work day, work
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Lasikiewicz | Difficulty falling asleep: Design: C-S Days: 1 (n=64) or 3 (n=83) Immunoassay method Measurement(s): Mean of | Cortisol data: Log transformed | Association between higher ease
2008 [25] Ease of sleep and speed of No.: 147 Samples per day: 8 Not to consume food or same time point on Statistics: Pearson’s of sleep (less difficulty falling
sleep onset M/W::68/79 Times for sampling: drink other than water in consecutive days correlation. Cluster analysis asleep) and low AUC
Method.: Age: :mean age 462 Awakening, +15, 30, 45 min, relat!on to sampl}e] 'collectlon. as. - A (M)ANOVA l}ssocaatlon bécimleenfhlllgh ease of
Questionnaire (Leeds Sleep years (£7,2) 43,6,9,12h Avoid teeth brushing and b4. Deviation evening Confounders: Age, gender sleep (less difficulty falling
Evaluation Questionnaire) > . vascular leakage from 45 min post asleep) and less steep slope (b3)
Group: volunteers Setting: ; - .
Ambulatory awakening (slope) Association between high speed
cl. AUC not specified of sleep onset (less difficulty
falling asleep) and more steep
slope (b3)
No association between ease of
sleep, speed of sleep onset and
diurnal mean (a5)
Dettenborn | Disturbed sleep: Design: Exp Days: 3 intervention nights +3 | CLIA Measurement(s): Cortisol data: continous The morning CAR after
2007[26] | Method: No.: 13 reference nights bl. Repeated measures Statistics: ANOVA and disturbed nights was not different
Three experimentally M/W: 0/13 Samples per day: 8 on ANCOVA from CAR on undisturbed nights
induced awakenings (phone Ace: 24 years intervention nights and 2 on Confounders: Oral There was a lack of HPA axis
call). The wake up in the 8o Ay recovery nights contraceptives, thyroid activation by forced nightly
morning was optional or set Times for sampling: hormone awakenings
up by alarm clock. No other Awakening and +15 min in the
sleep registration morning
Setting: Ambulatory
Spiegel 1999 | Sleep deprivation: Design: Exp Days: 3 RIA a4. Single evening Cortisol data: Continuous Higher evening cortisol
[27] Sleep restriction No.: 11 Samples per day: 12-20 concentration Statistics: ANOVA for concentration after sleep
M/W: 11/0 Times for sampling: Every 30 b2. Deviation between repeated measures restriction
. min between 15.00 and 16:00 h and 21:00 h Lower rate of decrease in the
Age: 18-27 years : -
bedtime afternoon after sleep restriction
Group: Young healthy
volunteers Setting: Laboratory. 3 nights
with 8 h in bed, 6 nights with 4
hin bed, and 7 nights with 12 h
in bed
Heiser 2000 | Sleep deprivation: Design: Exp Days: 3 RIA Measurement(s): Cortisol data: ? No effect on salivary cortisol
(28] 3 days coyered, after ordinary | N : 10 Samples per day: 3 All intake of pineapples, b3. Diurnal profile with 3 | Statistics: ANOVA with thythm of sleep deprivation
sleep, 1 night of total sleep | v 100 Times for sampling: 07:00, bananas, almonds, nuts, measures per day over 3 | repeated measures
deprivation and 1 night of . 13:00. 19:00 h tomatoes, vanilla, or alcohol | days
recove Age: 27.4+2.8 years Raciad .
Ty . forbidden, no smokers
Group: healthy Setting: Laboratory
volunteers
Goh 2001 Sleep deprivation: Design: Exp Days: 2 Immunoassay b3. Deviation, all day Cortisol data: Continuous Significant interaction between
[29] 24 hsleep deprivationor 8h | Ng: 14 Samples per day: 3-5 Statistics: Two-way ANOVA sleep status and time. Cortisol
sleep (control) M/W: 14/0 Times for sampling: 08:00, with repeated measures and | levels at 13:30 hwere increased
Age: 2030 years 13:30, 18:00, 21:00, 24:00 (day interaction terms P dep
Group: healthy subjects, D, 98'00’ 13:30, 18:00 (day 2)
military service members | Setting: Laboratory
Pagani 2009 | Sleep deprivation: Design: Exp Days: 8? RIA Measurement(s): Cortisol data: Continuous No effect of sleep deprivation on
30] 7 normal nights + 24 hsleep | No.: 24 Samples per day: 2 a2, Statistics: Mixed model or cortisol
deprivation) or nommal living | .y 15,1 Times for sampling: 10.30 and ad. GLM analysis. Intraclass

conditions (strict sleep-wake
schedule 23:00-07:00 h)

Age: 27-45 years
Group: healthy subjects

18.00h
Setting: Laboratory

correlations
Confounders:
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or breastfeeding, on
medication with
corticosteroids

P rate: 78.3%, with at
least one usable cortisol
measurement

dexamethasone 0.5 mg directly
after sampling time at 23:00 h

cli. AUC;yerease morning
clg. AUCgpung morning
d. Post DST

Van Sleep deprivation: Design: Exp Days: Competitive CLIA Measurement(s): Cortisol data: No change in salivary cortisol
Leeuwen 2 baseline (8 hsleep), 5 No.: 19 Samples per day: 10 Napping during day time a5. Averaged throughout | Statistics: -tests and Wilcoxon | after sleep restriction
2009 [31] nights 0f4Ah sleep, and 2 M/W:19/0 Times for sampling: Not was not allowed, meals the day signed ranks test for not
recovery nights of 8 h. . specified standardized (calories and normally distributed
Controls (8 h sleep) all nights | Age: 19-29 years ; time), controlled differences
Group: 13 young healthy | Setting: Laboratory illumination and room Confounders:
men + 6 controls temperature ’
Birchler- Sleep deprivation: Design: Exp Days: 2 RIA b3. Deviation, all day Cortisol data: Continuous Significant four-way interaction
Pedross 2009 | 40 h sleep deprivation ornap | N : 32 Samples per day: 5-6. Times Statistics: Repeated measures | term (time ofdgy, age, gender,
(32] protocol M/W: 16/16 for sampling: every 30 min ANOVA with interaction SICCP pressure) in mod;l for
Ace: 25.043.3 and collapsed into 08:00, 12:00, terms C_O‘T‘SOL most likely driven by
65‘0’&5 s ea'rsa“ 16:00, 20:00, 24:00 h (day 1), time of day
PO Y 04:00, 08:00, 12:00, 16:00, None of the other variables were
Group: Young and older 20:00, 24:00 h (day 2) significant
healthy volunteers Setting: Laboratory
Vreeburg Sleep duration: Design: C-S Days: 1 Immunoassay method Measurement(s): Cortisol data: AUC, evening | Less than 6 h sleep is associated
2009 [22] Sleep length (more or less No.: 491 Samples per day: 7 When sampling no eating a2. cortisol and DST were log with increase in CAR
than 6 b) M/W: 199/292 Times for sampling: -smoking, mng tea or a4. tranAsf(?rmed' . (AUCherese)
Method: ) Age: 43.0 years Awakening, +30, 45,60 min, | coffee, or brushing teeth 15 b1. Deviation morning Statistics: Linear mlxedl Tendengy for 1§ss than 6 h sleep
Insomnia rating scale 22:00, 23:00 h. Samples taken | Min before o models or linear regression is associated with steeper
G;c;]up: volun}:eers | more than 5 minutes from b3. Eev.l ation 23(:1(.)04225 analysis morning deviation (bl) and a
without psyc °p atology protocol time were discarded Ewiﬁi)r;% Egou;\sl‘m Confounders: steeper diurnal slope (b3)
Ex(':luded: Taking Setting: Ambulatory. Day after btheen (diumal slope) Sociodemographic factors, No association with morning
antidepressants, pregnant P health indicators cortisol (a2), evening cortisol

(a4), AUCgroung morning, or post
dexamethasone

Abbreviations: AUC, Area under the curve; C-C, case-control; C-S, cross-sectional; CAR, cortisol awakening response; CLIA, chemiluminescence-assay; DST, Dexamethasone test; ELISA,
Enzyme Linked Immuno-Sorbant Assay; Exp, experimental; GLM, generalized linear model; LIA, luminescence immunoassay; M, Male; PSG, polysomnography; PSQI, Pittsburgh Sleep
Quality Index; P rate, Response rate; RIA, radioimmunoassay; TST, total sleep time, W, women.
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DISCUSSION

The aim of the present chapter was to analyze whether measures of cortisol in saliva were associated with
measures of sleep to see if divergent results were functions of differences in theoretic assumptions made
and methods used. Relatively few papers were first identified (n=188), and only 23 papers met the final
inclusion criteria.

The most consistent results were a positive association between sleep duration and a single measure of salivary
cortisol at awakening, which was observed in 3 studies [19-21]. In these studies, sleep duration was also
associated with low evening cortisol levels [19], steep diurnal deviation of cortisol [19, 20], and with high AUC
[21]. Together these findings suggest that longer sleep duration is related to a more dynamic cortisol secretion.

However, long sleep duration is also associated with a lower CAR [10, 14, 20]. Since a lower CAR implies a
less dynamic response these observations seems to contradict the suggestion that longer sleep duration is related
to a more dynamic cortisol secretion. However, a lower CAR needs not to be mutually exclusive with a
dynamic cortisol secretion as assessed by the decline in concentrations during the entire day. Indeed, a lower
CAR might just reflect the diurnal rhythmicity of cortisol secretion. For example, to the extent that participants,
who sleep long wake up later than usual, they are likely to take their first sample at a time when the
concentrations of cortisol already have risen due to the normal diurnal rhythm. Hence, there is simply less room
to obtain a high CAR as the morning value has been inflated by the underlying diurnal rhythm. However, there
might also be several other explanations and this question deserves more attention in future studies.

Two of the 6 studies on disturbed sleep showed that it was associated with less diurnal deviation [20], and
lower reactivity to a laboratory stress test [15]. This to some extent corroborates the findings on sleep
duration. However, the many nonsignificant findings as well as the theoretic and methodological
differences (e.g. heterogeneity in measures) complicate comparisons.

As expected, statistically significant associations were more often reported in studies with a large number of
participants or a high sampling frequency. Among the papers included, statistically significant findings were
generally seen in studies with more than 100 participants [10, 14, 19, 20], or samples (case study) [21]. In the
large studies, it was more common to focus on general sleep patterns, whereas the case study registered day to
day variations within the same person. The results suggest that a relationship between sleep and salivary
cortisol is observable both within and between subjects, but requires many observations due to high variability
in both cortisol and sleep measures. The use of small study samples and non-optimal measurement procedures
might lead to studies with low power and failure to detect statistically significant results.

Even if the inclusion criteria drastically reduced the number of papers, the papers included covered several
different types of measures and indicators for cortisol and sleep. This heterogeneity in measures and
methods appears to generate a mixed pattern of results that are also conflicting at times. For example, in the
same study a positive relationship was observed between stress reactivity and sleep quality measured as
sleep efficiency by actigraphy, but not by self-reports [15]. As differences between objectively measured
and self-reports of sleep have been observed previously, this conflict may be partially related to the selected
instrument for measurement of sleep quality [33].

There are several methodological problems in studies of sleep and saliva cortisol. Because saliva sampling
requires that the person is awake, it is virtually impossible to sample saliva during sleep and to establish the
relationship with different sleep stages or other processes that may occur during sleep. It is often not
practically feasible in field studies to obtain direct measurements during the sleep period with, for example,
PSG or endocrine measures. Even if it is technologically possible to use such measures, the procedures and
commitments necessary for successful implementation have often been considered to be cumbersome and
too expensive to be considered as a realistic option. Stress researchers often have to rely on less
sophisticated and simpler approaches such as motion logging (e.g., actigraphy) and subjective reports of
various aspects of sleep (e.g., bedtime, awakening time, and perceived quality of sleep).
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Many of the studies were not conducted primarily to evaluate the relationship between sleep and salivary
cortisol. Even so, all studies included in the present chapter have used statistical tests to address the overall
question about the relationship between sleep and saliva cortisol. Considering that research have been
driven by many points of departures, it is not surprising that most of the result do not act in concert.

CONCLUSIONS

In total 23 studies examining sleep quality in relation to salivary cortisol measures were identified. There
was a large proportion of nonsignificant findings and many operational definitions of sleep quality and
cortisol secretion. Because many of the studies included were small and entailed few measurements, there
is reason to believe that the nonsignificant findings partly reflect low statistical power.

The most consistent results were our observation of a positive association between sleep duration and a
single measure of salivary cortisol at awakening, which was observed in 3 studies. In these studies, sleep
duration was also associated with low evening cortisol levels, steep diurnal deviation of cortisol, and/or
with high AUC. Together these findings suggest that longer sleep duration is related to a more dynamic
cortisol secretion. Two of the 6 studies on disturbed or restless sleep showed a relationship with flat diurnal
deviation and low laboratory stress test reactivity. This to some extent corroborates the findings regarding
sleep duration. However, the many nonsignificant findings as well as the theoretic and methodological
differences (e.g., heterogeneity in measures) complicate comparisons. Conflicting results may be at least
partially due to differences in methods and underlying assumptions.
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CHAPTER 7

Mental Health and Salivary Cortisol
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Sweden; *Researcher at the Department of Public Health and Caring Sciences, Uppsala University,
Sweden and *Associate professor at the Division of Occupational and Environmental Medicine, Lund
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Abstract: The aim of this chapter was to analyze associations between measures of cortisol in saliva
and mental health and to see if divergent results were functions of the methods used. Measures of
mental health outcome included Major Depressive Disorder (MDD), symptoms of depression, and
symptoms of anxiety, Burnout (BO), and Vital Exhaustion (VE). Only studies on otherwise healthy
individuals were included. Cortisol measures were grouped into single time point measures, measures
of deviations, laboratory test responses, Area Under the Curve (AUC), and response to dexamethasone.
Some consistency is seen for MDD, mainly higher mean levels. The results regarding single measures
and depressive mood are less consistent, but the overall picture for depression shows poorer diurnal
deviation and response to stress. Inconsistency among papers studying depression seems to be related
mainly to the study population. Very few significant findings were found for anxiety, therefore cortisol
does not seem to be strongly related to anxiety. Most of the statistical analysis does not show a
significant relationship between BO and cortisol, and when these are present, the results are
inconsistent. One explanation seems to be the measures of BO used, probably due to the different
conceptual basis for BO. VE measured using the Maastricht Questionnaire seems to be related to a
poorer cortisol response to stress and poorer diurnal deviation. The coexistence of BO and VE in many
studies does make it difficult to conclude how the different concepts are related to cortisol. However, an
interesting difference appeared between MDD and VE in response to dexamethasone administration,
showing lower suppression in MDD patients and higher suppression in VE patients. A general
conclusion for all mental health measures is that a large proportion of non-significant findings are due
to low power and few sampling days combined with low contrasts between study groups and within
study populations. Generally, deviation measures such as diurnal deviation seem to be more valid
measures compared with single measures to capture possible changes in the hypothalamus-pituitary-
adrenal axis, measured using salivary cortisol.

Keywords: Salivary cortisol, depression, anxiety, major depression disorder, burnout, vital exhaustion,
single time point measures, deviations measures, area under the curve, laboratory test, dexamethasone.

INTRODUCTION

Mental health consequences of long-term stress exposure can vary greatly between individuals, and
symptoms of depression, anxiety, Burnout (BO), and Vital Exhaustion (VE) are often, but not always,
related to psychosocial stress exposure. There is a great discrepancy in the literature regarding the
relationship between the Hypothalamus-Pituitary-Adrenal (HPA) axis function and mental health outcomes.
This review only deals with salivary cortisol and the aim is to analyze if the existing literature, studying the
above-mentioned mental health symptoms and salivary cortisol, show consistent findings and if not, can the
discrepancy be explained. Previous literature on depression shows inconsistent findings and the finding on
hypercortisolemia in patients with depression is not always confirmed in the literature [1, 2]. In this chapter,
the studies are separated depending on whether patients with Major Depressive Disorder (MDD) were
studied or if the study deals with the relationship between salivary cortisol and depressive mood.

Anxiety has been shown to be characterized by hypocortisolemia and supersuppression after
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dexamethasone [3] but there is a discrepancy in the literature regarding the relationship between HPA axis
function and anxiety, one possible explanation being that anxiety is a multifacetted phenomenon. Cortisol
Awakening Response (CAR) does not seem to be significantly affected by anxiety according to the meta-
analysis by Chida and Steptoe [2] and HPA axis reactivity in response to a stressor does not seem to be
significantly affected by anxiety [4].

The constructs of BO and VE are suggested to reflect responses, in terms of exhaustion, due to long-term
stressor exposure. BO is a mental condition defined as a result of continuous and long-term stress exposure,
particularly related to psychosocial factors at work [5, 6]. However, the theoretic basis for the term burnout
differs between the available self-report instruments constructed to assess BO, and different instruments do
seem to measure quite different aspects depending on the theoretic base for the instrument. However, they
share the fact that they were mainly developed for research on work-related stress. The most widely used
instrument is the Maslach Burnout Inventory (MBI) and the conceptual basis for MBI is thus often
considered as synonymous with the construct BO [7]. Maslach and colleagues originally defined BO as a
psychological syndrome of emotional exhaustion, depersonalization (later replaced with the construct
cynicism) and reduced effectiveness or personal accomplishment [6]. Another conceptual approach was
presented by Melamed and coworkers, viewing BO as a multidimensional construct consisting of emotional
exhaustion, physical fatigue, and cognitive weariness, which together represents the core component of BO
[5, 8]. The concept of VE is characterized by unusual fatigue, loss of mental and physical energy, increased
irritability, and feeling of demoralization. The concept was developed in the search for premorbid
psychological characteristics of people who developed myocardial infarction, and has thereafter been used
to define the psychological state viewed as chronic stress [9, 10]. The concepts of BO and VE do share
several features and many studies do not distinguish between these two concepts. Furthermore, within the
same concept, e.g., BO, different measures can differ considerably and the dissimilarities could thus be
larger within the concept BO compared with dissimilarities between the BO and VE concepts. Based on the
definitions used, the concepts of MDD, depressive state, BO and VE, all share several conceptual
similarities; e.g., high correlation between the scales used to measure BO and VE is seen [11], and between
scale scores of depressive state and VE [12]. In this review, BO and VE are treated partly as the same
construct when the general interpretations are done, but both constructs are also initially divided into
respective measures as these can differ considerably as previously mentioned. Kudielka and coworkers
have recently reviewed the literature on cortisol measurements in BO and VE, concluding that there seems
to be a considerable divergence on data regarding HPA axis functioning in chronically distressed
individuals [11]. As both hypoactivity and hyperactivity of the HPA axis has been reported in studies on
BO or VE, the direction of the supposed dysregulation of the HPA axis remains inconsistent.

Another related concept is chronic fatigue which is not considered in this review, mainly because it is
difficult to discriminate chronic fatigue and chronic fatigue syndrome, which is sometimes, but not always,
due to postviral infection or other somatic conditions. Also, several symptoms related to chronic fatigue,
e.g., muscle pain, joint pain, sore throat, and tender cervical nodes, are of different character compared with
BO, even though fatigue is the core feature as for both BO and VE. Furthermore, chronic fatigue syndrome
is not as distinctively related to psychosocial stress as the concepts of BO and VE.

AIM

The aim of this chapter is to analyze if measures of cortisol in saliva are associated with depression,
anxiety, BO, and VE, all of which are measures of mental health frequently related to chronic psychosocial
stress. Furthermore, we aim to see if the divergent results in studies involving cortisol assessments and
mental health are functions of differences in the theoretic assumptions made and methods used.

METHOD
Search Strategies

For all outcome measures, an electronic search was performed in the NCBI PubMed database (National Library
of Medicine, National Institutes of Health, Bethesda, MD, USA-http://www.ncbi.nlm.nih.gov/PubMed). The
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database PsycINFO was also searched for relevant papers not found in the PubMed database. The search
covered the time period up to October 1, 2009. Only full-length articles published in English in peer-reviewed
journals, based on adult study populations, including direct statistical analyses of associations between cortisol
and the actual outcome measure, were included. Studies were selected in two steps, with the first step based on
titles and abstracts and, when relevant, by reading the full-length article.

Depression

Search terms “depression” and truncated “salivary cortisol” generated 324 abstracts. The exploration and results
were divided into two sections: one included papers studying MDD according to DSM-IV and salivary cortisol
and the second part included papers studying depression measured with different self-rated scales and salivary
cortisol in otherwise healthy individuals. Thus, studies on subjects with apparent somatic diseases (e.g., cancer
and traumatic brain injury) or psychiatric illness (e.g., posttraumatic stress disorder (PTSD) and bulimia) other
than anxiety were excluded. Studies on pregnancy and postnatal depression were also excluded. Intervention
studies (e.g., medications) were included if comparison between groups was available before the intervention.
However, the effects on salivary cortisol in response to the intervention are not included in this review. Papers
studying a possible relationship between salivary cortisol and vulnerability to developing future depression
were not included. In some cases, the same research group published different data sets using the same patient
material and in the cases where the salivary cortisol data were repeated, only one of the papers is included in
this review. Studies using instruments measuring mood state (e.g., Profile of Mood States Questionnaire) were
not included. The final number of papers included was 21 studying MDD and salivary cortisol and 14 studying
the relationship between scores measuring symptoms of depression and cortisol. Reasons for exclusions were:
116 papers because the patients had comorbid conditions (such as cancer and cardiovascular diseases), in 103
papers statistical analyses between depression and cortisol were not presented; 24 papers studied pregnancy or
postnatal depression; in 13 papers, cortisol was measured in children. Twenty-seven papers studied MDD and
cortisol in saliva, but did not include a control group and 6 papers studied previous or future depression.

Anxiety

The search terms were “anxiety” and truncated “salivary cortisol”. The search on PubMed generated 281
abstracts. In order to limit variation in the anxiety measures, we decided to limit the inclusion to three
scales used to measure symptoms of general anxiety levels: the Spielberger State-Trait Anxiety Inventory
(STAI), the Beck Anxiety Inventory (BAI) and Hospital Anxiety and Depression (HAD) scale. Only papers
on otherwise healthy individuals were included. Thus, studies on subjects with apparent somatic diseases
(e.g., cancer and traumatic brain injury) or psychiatric illness (e.g., PTSD and bulimia) other than comorbid
depression were excluded. Studies reporting cortisol responses to psychosocial stress were included if
anxiety levels were related to salivary cortisol in the statistical analysis. Studies of salivary cortisol and its
relation to mood changes (state anxiety) were not included. Results from intervention studies (e.g.,
medication) were included if in the statistical analysis the relation between trait anxiety and salivary
cortisol was measured before the intervention (basal levels). Studies of acute anxiety scores and salivary
cortisol levels due to, for example, parachute jumping or other similar physical stress were not included.
The final number of papers included was 17 and all except 1 used STAI to measure anxiety levels.

Burnout and Vital Exhaustion

The following search terms were used: “cortisol”, “saliva*”, “burnout” and “exhaustion”. The first step
identified 31 papers investigating associations between cortisol and BO and 28 studies investigating
associations between cortisol and exhaustion. Studies based on patient populations (other than BO),
pregnant women, and studies investigating effects of intervention on cortisol were excluded, as were
studies in which analyses of direct associations between BO or exhaustion and cortisol were not presented.
Concerning exhaustion, studies primarily investigating the effects of physical exhaustion on cortisol were
excluded. Finally, 21 papers were included, 12 of which investigated associations between BO measures
and cortisol in saliva, and 7 with associations with exhaustion measured using the Maastricht Questionnaire
(MQ) [9] or the exhaustion subscale of MBI.
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RESULTS

Results are presented for each mental health measure. Cortisol measures are grouped into: single time
points at: al, awakening; a2, morning; a3, midday; a4, evening; a5, all day. Deviations during: bl,
morning; b2, midday; b3, morning to evening; b4, laboratory test. AUC: cl, morning; c2, midday; c3,
morning to evening; c4. laboratory test. Dexamethasone suppression test: d, response to dexamethasone
(DST).

MDD and Depressive Mood

Twenty-one papers were included covering MDD, and diagnosis based on DSM-IV was used in these
studies to confirm depression. In the 14 papers studying depressive mood, 6 different instrument were used:
Becks Depression Inventory (BDI) (5 papers), Center for Epidemiologic Studies Depression Scale (CES-D)
(4 papers), the Zung Self-Rating Depression Scale (2 papers), Hamilton Depression Inventory (HDI) (1
paper), HAD scale (1 paper) and the Patient Health Questionnaire (PHQ) (1 paper). A brief summary of the
results (indicated as a positive association, a negative association, or a non-significant finding) is presented
in Tables 1a and 1b. The study design, statistical approach, main results, and discussion for each of the 35
articles are briefly presented in Table 2a (MDD) and Table 2b (depressive mood).

As seen in Tables 1a and 1b, there is a large variation in the salivary cortisol measures used in different studies.
Among the 21 studies on MDD, most of the measures (39 measures) were from single time points, and 7, 10
and 6 measures were on deviations, AUC, and after DST, respectively. The proportion of significant
relationships (in any direction) among the 21 papers studying MDD was 20/39 (51%) for single measure, 3/7
(43%) for deviation measures, 6/10 (60%) for AUC measures, and 4/6 (67%) for the DST studies.

Among the 14 studies on depressive mood, the proportions of significant relationship were 8/20 (40%) for
single measures, 4/10 (40%) for deviation measures, and 1/2 (50%) for AUC measures. No DST
suppression test study was found for depressive mood.

The only consistency among studies on MDD was reactivity on laboratory stress (one study) or daily event
measured in ambulatory settings (one study), as both studies showed poorer ability to respond with cortisol
to acute stress. The only study included in this review, studying response to stressor in relation to
depressive mood, also showed that response to naturalistic stressors was poorer in women with higher
scores of depressive mood.

No single measure of salivary cortisol showed full consistency regarding either significant or non-
significant results for either of the groups (MDD or depressive mood). The most consistent significant
findings among the MDD papers were single evening measures and single morning measures; 5 out of 10
measures of evening cortisol (50%) showed increased cortisol levels and 10 out of 20 morning measures
(50%) showed increased levels. Among the papers studying single measures in relation to depressive mood,
no clear consistency can be found, and there are too few measures for each time point to draw any firm
conclusions regarding depressive mood and single measures of salivary cortisol.

For deviation measures, 1 study examining CAR in MDD patients showed non-significant findings, 1 study
of 4 on diurnal deviation was significant and showed an inverse relation for MDD and cortisol. Both studies
on stress reactivity were significant (one on men only), showing poorer cortisol response among MDD
patients. The same pattern is seen for the studies on depressive mood, as the 3 studies examining CAR did
show non-significant findings; 3 out of 6 studies on diurnal deviation were significant, all showing an
inverse relation between depressive mood and cortisol. Three out of 5 studies measuring salivary cortisol
after dexamethasone administration reported that MDD patients showed less suppression, usually
calculated as more non-suppressors among the patients.

Comparing results from case-control studies on MDD patients and population studies on depressive mood,
two measures showed full consistency. Thus, as all three studies on cortisol reactivity in response to stress
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showed that depression or depressive mood was related to poorer response to stress and the four studies
including CAR deviation measures reported non-significant findings. Full consistency across MDD and
depressive mood studies was also found among significant findings for the deviation between morning and
evening, as all studies reporting significant relation, showed that flatter diurnal curve was related to
depression or depressive mood.

Table 1a: Summary of main findings of associations between measures of salivary cortisol and MDD sorted by year of
publication

References | Year | Exposure | Design | No. m/w Single time points (or | Deviation AUC Dexametha
cortisol sum/mean of (difference/slope sone
two/more time points) | between two or suppression
more time points) test
al [a2 a3 (a4 |aS|bl | b2 |b3|b4 cl c2 c3 c4 d
Copolov 1989 C-C 88 0/88 T 0
[13]
Galard [14] | 1991 C-C 32 5/15° T
Michael 2000 C-C 85 26/59 T T
[15]
Stanton 2001 C-C 27 12/15 0
[16]
Weber- 2002 cC |45 0/45 0
Hamann
[17]
Galard [18] | 2002 C-C 26 4/10* T 1o
Young [19] |2002 C-C 89 31/58 0 0
Watson 2002 C-C 57 30/27 0
[20]
Bauer [21] | 2002 C-C 67 27/40 0 T
den Hartog | 2003 C-C 63 32/31 0 T |0 N
[22]
Porter [23] | 2003 C-C 40 19/21 0
Peeters [24] | 2003 C-C 86 35/49 0 |d°
Assies [25] |2004 C-C 26 6/20 0 0 0
O’Brien 2004 C-C 101 23/78 0 DN T
[26]
Bhagwagar | 2005 Cc-C |60 29/31 fo |10 0 0
[27]
Stetler [28] | 2005 C-S 73 0/73 0 | N
Juruena 2006 C-C 32 7/25 T T T
[29]
Alhaj [30] |2007 C-C 56 27/29 0 0 0
Treadway | 2009 C-C 38 18/20 T ojo (1
[31]
Chopra [32] | 2009 C-C |54 28/26 e e
Vreeburg | 2009 C-S | 1009 |376/633]71 [T10 To (U odf
[33]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; b1, morning; b2, midday; b3, morning to evening; b4,
laboratory test reactivity/recovery; c1, morning increase/ground; c¢2, midday increase/ground; c3, morning to evening increase/ground,;
c4, laboratory test increase/ground; C-C, Case-Control; C-S, Cross-sectional.

“Information regarding males and females only reported for the patient group.

"Measured after DST 16:00 h . No suppressors among the patients (compared with none among controls) but statistical analyses not presented.
“Lack of response to negative daily event in patients with MDD compared with controls.

dSignificant in males only.

“Significant in women only.

"Level of cortisol not significant (0), cortisol suppression ratio significantly different. More suppression in the patient.

Anxiety

In total, 17 papers studying the relation between salivary cortisol and general anxiety trait were included. A
brief summary of the results (indicated as a positive association, a negative association or a non-significant



134 The Role of Saliva Cortisol Measurement in Health and Disease Jonsdottir et al.

finding) is presented in Table 1c¢. Study design, statistical approach, main results and discussion for each of
the 17 papers are briefly presented in Table 2c.

Table 1b: Summary of main findings of associations between measures salivary cortisol and depressive mood sorted
by year of publication

References| Year | Exposure | Design | No. M/W Single time points (or | Deviation AUC Dexamethasone
cortisol sum/mean of (difference/slope suppression test
two/more time between two or
points) more time points)
al |a2 [a3 |a4 |aS5|bl|b2|b3|b4 cl c2 c3 c4 d
Van Eck a | 1996 | Zung C-S 87 87/0 T
[34]
Van Eck b | 1996 | Zung C-S 87 87/0 0
[35]
Da Rosa|2001 | BDI C-S 30 12/18 0
[36]
Pruessner |2003 | HDI C-S 40 40/0 o™ T
[37]
Vedhara | 2003 | HAD C-S 54 0/54 0 0
(38]
Tse [39] |2004 | BDI C-S 60 26/34 )
Burke 2005 |CES-D |EXP |1109 |0/1109 0 I
[40]
Ryff[41] [2006 |CES-D |C-S 135 0/135 0
Gallagher- | 2006 | CES-D | C-S 45 0/45 0 {0 |0 {
Thompson
[42]
McCallum | 2006 | CES-D | C-S 54 0/54 0
[43]
Sjogren | 2006 | BDI Cc-S 257 1291284 |4 0 0 {
[44]
Therrien | 2008 | BDI C-S 78 50/28 0
[45]
Schulze | 2009 | BDI C-S 21 12/9 0 2
[46]
Muhtz 2009 | PHQ C-S 215 107/108 0 [o/f]oT|o
[47]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory test reactivity/recovery; c1, morning increase/ground; c2, midday increase/ground; c3, morning to evening increase/ground;
c4, laboratory test increase/ground; C-C, Case-Control; C-S, Cross-sectional.; Exp, Experimental.

The proportion of significant relationships among the 33 measures presented in the papers studying anxiety
and salivary cortisol was as follows: 2/12 (17%) for single measure (both measures in the same study), 8/18
(44%) for deviation measures, and 1/3 (33%) for AUC in response to a laboratory stress test. No study
included dexamethasone administration.

As for depression, the cortisol measures varied among the studies and there were relatively few studies on
each measure making it difficult to draw firm conclusions. Full consistency was seen for single measures in
the afternoon, single measures in the evening and the means of all day measurements of cortisol, as all
studies reported non-significant findings. Significant findings among single time point measures were seen
only for morning measures and in one study only (showed higher cortisol among military men). For
deviation measures, only 1 study examined CAR, showing lower CAR among more anxious men but not
among women. Diurnal deviation measures showed significant findings in 3 of 4 studies: a negative
relationship between anxiety and cortisol among women attending a breast cancer clinic (receiving a benign
diagnosis) and positive relationships in two studies among white-collar middle-aged men and among
military men; the latter were the same group as those with high morning levels.
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Stress reactivity was found to be higher in anxious women (only in the follicular phase); 2 studies found
blunted reactivity in anxious individuals compared with controls. One study showed that pre-test values
were positively correlated to anxiety, but no relation was found for stress reactivity.

Table 1¢: Summary of main findings of associations between measures salivary cortisol and anxiety sorted by year of
publication

References | Year | Exposure | Design | No. M/W Single time points Deviation AUC Dexamethasone
cortisol (or sum/mean of (difference/slope suppression test

two/more time between two or more

points) time points)

al|a2 [a3|a4|aS5|bl |b2|b3|b4 cl c2 c3 c4 d
Hubert 1989 | STAI EXP |17 17/0 0
[48]
Bohnen 1991 | STAI EXP |24 0/24 0
[49]
Hubert 1992 | STAI EXP |64 64/0 0/ \
[50]
Van Eck | 2006 | STAI C-S 87 87/0 )
[34]
Van Eck | 2006 | STAI EXP |87 87/0 0
[35]
Filarie 1999 | STAI C-S 20 0/20 0
[51]
Vedhara |2003 | HAD C-S 54 0/54 0 {
[38]
Takai [52] | 2004 | STAI EXP |83 53/30 0/0
Jezova 2004 | STAI EXP |27 27/0 o
[53]
Takahashi | 2005 | STAI EXP |20 20/0 /0
[54]
Schlotz 2006 | STAL C-S 71 31/20 0
[55]
Ryff[41] |2006 | STAI C-S 135 0/135 0
Ellison 2007 | STAI C-S 95 0/95 0
[56]
Therrien | 2008 | STAI C-S 78 50/28 o
[45]
Taylor 2008 | STAI c-Ss |28 28/0 o™1[0 |0 |0 )
[57]
Hlavacova | 2008 | STAI EXP |40 0/40 o/t
[58] FP

0
LP

Preville 2008 | STAIL EXP |315 131/184 0 o
[59]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory test reactivity/recovery; c1, morning increase/ground; c¢2, midday increase/ground; c3, morning to evening increase/ground,;
c4, laboratory test increase/ground; C-C, Case-Control; C-S, Cross-sectional.; Exp, Experimental, STAI, State-trait Anxiety Inventory;
FP, Folicular phase; LP, Luteal phase.

Burnout and Vital Exhaustion

The final analysis includes 13 articles on BO. Four studies used the Shirom Melamed Burnout
Questionnaire (SMBQ), 8 studies used the MBI and one combined MBI and Teachers Burnout Scale (TBI).
The final analysis on VE included 9 articles, 6 of which used the MQ on VE and 3 used the exhaustion
subscale of MBI. One study is presented twice as two different instruments were used to measure vital
exhaustion [60]. A brief summary of the results (indicated as a positive association, a negative association,



136 The Role of Saliva Cortisol Measurement in Health and Disease Jonsdottir et al.

or a non-significant finding) are presented in Table 1d. Study design, statistical approach, main results, and
discussion for each of the articles are briefly presented in Table 2d.

With regard to BO (Tables 1d and 1e), there is a large variation of the salivary cortisol measures used in
different studies. Among the studies measuring BO using SMBQ, the proportion of significant relationships
among the 19 statistical analyses performed was 5/19 (26%), all in the same direction; i.e., BO measured
with SMBQ was positively related to salivary cortisol. The proportion of significant relationships (in any
direction) among the 9 articles studying BO using MBI was 10/20 (50%) for single measure showing both
positive and negative relationship with BO. All deviation measures showed non-significant results except
for the 1 studying acute stress responses to laboratory stress, showing higher reactivity in BO. Two studies
using AUC measures, and 3 studies on DST response showed non-significant results.

The proportion of significant relationships (in any direction) among the 6 articles studying VE using MQ
was 2/14 (14%) for single measures, 3/7 (42%) for deviation measures, 0/1 study using AUC measures; the
only DST study showed a significant relationship between VE and lower cortisol level, showing higher
suppression. Among the studies measuring VE with the MBI-EE subscale or an electronic diary using an
exhaustion item from MBI-EE, the proportion of significant relationships (in any direction) among the 3
articles was 0 for single measures (only 1 measure presented), 2/5 for deviation measures, and 2/6 for DST.

Thus, with regard to BO, most of the significant findings for both SMBQ and MBI were seen for single
measures. However, there was no clear tendency for any time point to be more relevant, and within each
time point the direction of the relationship varied. The full consistencies found in the data set were all
related to non-significant findings. Regarding VE, among single measures (MQ and MBI-EE), significant
findings between cortisol and exhaustion were all in the negative direction. For deviation measures, the
CAR measure findings were divergent, 1 positive and 1 negative; for diurnal measures all showed negative
relationships, i.e., flatter diurnal curve among people with VE. All significant DST results (3/7) showed
higher suppression related to VE.

Table 1d: Summary of main findings of associations between measures of salivary cortisol and burnout sorted by
instruments

References Year | Exposu | Desig | No. M/ | Single time points | Deviation AUC Dexameth
re n cortiso [ W (or sum/mean of (difference/slope asone
1 two/more time between two or more suppressio
points) time points) n test
al |a2 |a3|a4|aS]bl |[b [b [b4 cl c2 c3 c4 d
2 (3
Burnout (SMBQ)
Melamed [8] 1999 | SMBQ | C-S 111 M/ 1 0
W
Ekstedt [61] 2004 | SMBQ | C-S 24 M/ 11 |0 0
W
Grossi [62] 2005 | SMBQ | C-S 64 M/ 0/ |0/ 0/ 0/
w 0 1
Soderstrom 2006 | SMBQ | C-S 20 M/ 10 [0 |0 |0 |O 0
[63] W
Burnout (MBI)
Pruessner [64] | 1999 | MBI+T | C-S 66 M/ 1 0 l
BS W 1
MBI 1
TBS
Morgan [65] |2002 | MBI C-S 41 - | i
De Vente [66] |2003 [ MBI C-S 45 M/ T 10 0 T
w
Langelaan 2006 | MBI C-S 88 M 0 0 0
[67]
Mommersteeg |2006 | MBI C-S 43 M/ 1 (U [ 0 010
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[68] w
Mommersteeg | 2006 | MBI C-S 94 M/ 0 0 0
[69] w
Mommersteeg | 2006 | MBI C-S 109 M/ 0 0 |0 0 010 0
[70] w
Osterberg [71] [2009 | MBI C-C |220 M/ 0 |O 1 0 0
W
Wingenfeld 2009 | MBI C-S 279 M/ 1010 |1 0
[72] W

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,

laboratory test reactivity/recovery; c1, morning increase/ground; c¢2, midday increase/ground; ¢3, morning to evening increase/ground,

c4, laboratory test increase/ground; C-C, Case-Control; C-S, Cross-sectional.; Exp, Experimental

Slight positive association between cortisol at 07:00 h and exhaustion subscale, but no association between cortisol and DP, or PA

subscales.

Table 1e: Summary of main findings of associations between measures of salivary cortisol and burnout and exhaustion
sorted by instruments

Referencea Year | Exposure | Design | No. M/W | Single time points | Deviation AUC Dexamethasone
cortisol (or sum/mean of (difference/slope suppression test

two/more time between two or

points) more time points)

al‘aZ‘a3|a4‘a5 bl‘bz‘b3|b4 cl |02 ‘c3 c4 d
Exhaustion (MQ)
Kristenson 1998 | MQ C-S 183 M 0
(73]
Nicolson [74] |2000 | MQ C-S 59 M 0|0 |0 |0, |0 JO U

!
Sjogren [75] | 2006 | MQ C-S 257 M/W|0 || 0 0 l
Wirtz [76] 2007 | MQ C-S 50 M 0
Bellingrath 2008 | MQ C-S 135 M/W 0 l
[60]
Wingenfeld |2009 | MQ C-S 279 M/W 010 |0 |0 0
[72]
Exhaustion (MBI-Exhaustion subscale)
Mommersteeg | 2006 | MBI- C-S 74 M/W 1 0 0
[77] GS® [L]
Sonnenschein | 2007 | MBI- C-S 42 M/W 0 0
[78] GS* 0 0,]
ESM* ! 0
ESM"

Bellingrath 2008 | MBI* C-S 135 M/W 0 l
[60]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,

laboratory test reactivity/recovery; c1, morning increase/ground; c¢2, midday increase/ground; ¢3, morning to evening increase/ground,

c4, laboratory test increase/ground; C-C, Case-Control; C-S, Cross-sectional.;

“ESM: aggregated 2-week score.

"ESM: same-moment assessment.
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Table 2a: Studies on MDD sorted by year of publication

Jonsdottir et al.

References | Diagnostic and | Study design/group Sampling Laboratory method and Statistical approach for | Statistical analysis, | Results Discussion
scales characteristics standardization in cortisol cortisol measure cortisol in relation to
sampling outcome
Copolov DSM-III Design: C-C, C-S Days: 1+1DST | Radioimmunoassay Measurement(s): a4. | Log transformed, Higher evening cortisol pre- | Higher evening cortisol levels in MDD
1989[13] | Hamilton No.:71P,17C Samples per day: 1 | Prior to collection of each Single measure ANOVA DST in MDD pompme('i with bgt MDD patients could not be' )
depression M/W: 28%/ 53% +3 sample, the subject brushed their | evening before DST | Confounders: Age | controls. No difference in the | discriminated from other psychiatric
scale Ace: 4231 vears Times for teeth and rinsed their mouth d. Deviation 3 added as a covariate. | level of DST suppression diagnoses included in the study. Higher
& ' sampling: 23:00h | thoroughly with water measures afier DST | Possible effecton | compared with controls, cortisol in MDD inpatients compared
Group: MDD before DST and Cortisol data: log medication tested in | although the‘ controls started | with outpatients
(melancholic and non- 07:00h, 15:00 h transformation the patient group. from a considerably lowe'r
melancholic) and 23:00 h post Non-melancholic pre-de)Fameﬂ?asone baseline.
Excl: Organic brain DST and melancholic DST discriminated between
syndromes, eating . patients were hospitalized psychiatric
; Setting: Mostly atients and controls
disorders and drugand |, .= " compared p
inpatients included.
alcohol abuse .
Laboratory setting
P rate: Part of a larger | with DST at 23:00
study with more groups |, (] mg)
with other psychiatric
diagnoses
Galard DSM-III Design: C-C, C-S Days: 2 Radioimmunoassay Measurement[s]: a2. | Mann-Whitney U- | Before receiving DST the Our data show that morning pre-DST
199114] | Newcastle No.:20P,12C Samples per day: 1 Single measure the test endogenous depressed cortisol levels are significantly higher
depression M/W: 5/15 P Times for morning before DST patients (MDD) had in endogenously depressed patients
scale used to i ling: Data regarding post significantly higher cortisol | than in normal comparison subjects
S Age: 20-65 years sampling: Between concentration than the
discriminate A 1 08:00-09:00 h DST not reported as 1 ;
between Group: 11 patients with this was not performed comparison subject. Trend to
. before DST (1 mg ¢ p -
endogenous MDD and 9 with at23:00 h) and + in the control group higher than the non-
and exogenous dysthymic disorder 16:00 h the day Cortisol data: endogenous group
depression (non-endogenous) after DST
Excl: medications Setting: Laboratory
P rate:
Michael DSM-IV Design: C-C, C-S Days: 4 (usually ELISA Measurement(s): ANOVA Salivary cortisol in the Increased cortisol is a well-known
2000[15] | Clinical No.:44P,41C consecutive) Not to clean teeth 2 h before. a2. Mean of 4 morning Spearman correlation depressed subject significantly | association in this condition
interview for | M/W: 12/32 P 1427 C | Samples per day: 2 | Wash mouth with clean water | Samples Cortisol not higher at both time points
depression Age: 43 years (1142 Times for immediately before ad. 4 evening samples | correlated with age Within Fhe depressed £roup no
[CID] cars (9) sampling: 08:00 h correlation between cortisol at
HAM-D Y . and 20:00 h either time point to HAM-D
Group: MDD patients , L or CID scores
mostly inpatientsand | Setting:
controls Ambulatory
Excl: Drug and alcohol
abuse
Remitted patients also
included. Data not
reported here
Stanton DSM-IV Design: C-C, C-S Days: 1 Radioimmunoassay Measurement(s): Repeated measure No difference between groups | We failed to show a significant
2001[16] |BDI No. 14Pand 13C Samples per day: 4 25. Mean of several ANOVA regarding cortisol difference between healthy controls
M/W: 6/8 vs 6/7 Times for measures Pearson correlation | No significant correlation ﬂnld M[l)D pathenks, pbossﬂ:;ly dciuz to :ihe
Age: 36 years (21-55) | sampling: 08:00, 3. AUC to measure between overall cortisol ae]a?vg Y sma 1}rum ersfstu edan
G ] MDD 12:00, 16:00 and overall cortisol output output (AUC) and BDI score b M ‘{“‘tzd time thame otour mfegsufsﬂ
Toup: . . within the MDD group ut also because the measure of basal
(outpatients) and 20:00 h and correlate with BDI ar HPA function may be relatively




Mental Health and Salivary Cortisol

The Role of Saliva Cortisol Measurement in Health and Disease 139

controls Setting: scores insensitive
Excl: PTSD and Ambulatory Cortisol data: Log
substance abuse. transformation
Patients medication free
for 4 weeks
Patient with
depersonalization
disorder also studied.
Data not presented here
‘Weber- DSM-IV Design: C-C, C-S Days: 7 Time-resolved immunoassay Measurement(s): ANOVA On average, cortisol
Hamann HAM-D No..22P/23C Samples per day: 1 | With fluorescence detection a2. Mean of 7 days Age, BMI and years | concentrations were
2002 [17] M/W: 0/45 Times for collection at 08:00 h of menopause were significantly higher in patients
Age: 65 years (9.2)/64 | sampling: 08:00 h similar for ;llqe gfroups than controls
years (7.2) Setting: Inpatients. (not controlled for)
Group: Postmenopausal | 16 controls
female inpatients with collected saliva
MDD
Excl: History of
substance abuse,
neurological or relevant
medical disorder, BMI
<30 kg/m®
Galard ICD-10 Design: C-C, C-S, Exp | Days: 2 Radioimmunoassay Measurement(s): Mann-Whitney U Higher cortisol before DST As expected we obtained higher
2002[18] | MADRS No.: 14P/12C Samples per day: 1 | Overnight fast before the first a2. Sipgle measure test tes'g (basal) in'the MDD salivary cortisol in depressive disorder.
HAM-D M/W: 4/10. /2 Times for sample (momning). Pre-sampling | Moming (before DST) | paired Wilcoxon test | Patients. C9m501 mgqlﬁcamly The percentage gf non-suppressors
Ace: 48 vs ’49 cars sampling: 00:80- | Test d. Single measure used to compare decreased in both patients and | (33%) was Wlthm the range accepted in
( n%ee-m) ¥ 09:00 h the day afternoon after DST patients and controls controls after DST several labor?tone§ for this o
before DST and Cortisol data: before and after DST | 4/14 (33%) of the depressed | neuroendocrinological psychiatric test
Group: MDD 16:00 h : tient: - and reinforces the clinical utility of
. :00 h the day patients were non d €s th !
outpatients after DST taken at SUPPTESSOTs., none among salivary cortisol in psychiatry
Excl: chronic infections, | 23.00 h (1 mg) controls (proportions not
neoplasm, other chronic Settine: Laborato statistically tested)
disease, history of drug e Y
and alcohol abuse
Young DSM-IV Design: C-C, C-S Days: 2 Corti-cote radioimmunoassay Measurement(s): Repeated measure No difference in cortisol levels | The lack of hypercortisolemia in the
2002[19] | MADRS No.: 44 Pand 45 C Samples per day: 2 Mean of two moming | ANOVA either morning or evening depression group is not surpris?ng .
HAM-D M/W: 1529 and 16/29 | Times for samples (a2) and of Age and sex between groups becausg low rates of hyperconlsolenua
Ace: 33 (SD11) | sampling: 08:00h two evening samples | matched. The 26 are typlcallAy repom;d in non-
ang('ie'32 yZ;a;S(SD 1y |and20:00n (a4) patients were entirely melancholic outpatients
Group: Unipolar Setting; E:il;]a;: r;irre: j:iig_
tients MDD Ambulatory
outpatie ) free for at least 6
Excl: No current Data available from weeks
diagnoses of substance | 39 patients and 41
abuse or dependence | controls
Watson DSM-IV Design: C-C, C-S Days: 1 Radioimmunoassay Measurement(s): One-way ANOVA | No difference in AUC The response shown here differs from
2002 [20] No.: 29 Pand 28 C Samples per day: 4 | Permitted to smoke as usual to | ¢3- AUC (baseline between patients and controls | previous papers. Or}e egpla.nation may
M/W: 15/14 and 15/13 | Times for reduce the influence of nicotine | corrected) be that the HPA axis might be
Age: 49 years (SD9.6) | sampling: 08:00, [ withdravwal Cortisol data: Obtained normalized by medication
and 49 years (SD 9.4) 12:00, 16:00 and for 19 patients and 22
Groun: MDD 20:00 h before controls
P: DST
Excl: History of head
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injury, neurological Setting:
disorder, problem use of | Ambulatory. DST
alcohol or drugs was performed but
cortisol was
measured in
plasma post DST
(1.5 mg)
Bauer 2002 | DSM-IV Design: C-S, C-C, Exp | Days: 2 Time-resolved fluorescence Measurement(s): Student t-test No difference in a single We did not observe increased cortisol
[21] HAM-D No.: 36 Pand 31 C Samples per day: | | immunoassay a2. Single morning 2 test morning measure before DST | in t_reatment.—re'si_stant depress'ed
BDlused for | M/W: 1521 and 1219 |+ 15 post DST measure before DST | 35 w6 on stable | Significantly more non- patients. This is in contrast with an
controls ) (only 1 in controls) and single measure nedication for at suppressors in the patient extensive literature that indicated
Age: 49 years (SD 12) . after DST increased cortisol levels in major
and 49 years (SD 13) | Times for least a week group after DST. Other DST ° 1oV
T sampling: 09.00 h Cortisol data: results only don in patients | depression. Medication speculated as
Group: MDD inpatients |/ o' Ser08:00 and therefore not reported one explanation
Excl: ‘Sterf)id use, heavy |t 22:00 h after here
smokmg, infection, DST (1 mg)
somatic disease, other Settine: Laborato
psychiatric diseases, & Y
pregnancy, lactation
den Hartog | DSM-IV Design: C-C, C-S Days: 2 Radioimmunoassay Measurement(s): MANCOVA Main effect of group, post hoc | MDD group was not characterized by
2003[22] | BpI No.: 27 Pand 36 C Samples per day: 3 | Instructed not to eat, drink, Post hoc (Scheffés) | showing MDD patient having | an overall increase or decrease in
M/W: 12/15 and 20/16 | Times for smoke or practice tooth care 1 h | a4. Mean value for the | Adjusted for age and increased evening cortisol cortisol level, but instead by a
Age: 42 years (SD 13) sampling; 08:00, prior to saliva sampling two samples used sex. BDI sleep item DAC not different between ﬂattenmg of the 001'11501 curve over the
and ;;5 cars (SD 12) 16:00and 21:00 h | Awakening time not recorded a5. DAC = mean of all | added to the model | the groups d?y’ mamlyAappeanAng o be due to
y higher evening cortisol values. One
| Setting: three measures MDD group showed lower - .
Group: MDD g - . possible explanation could be early
outpatients Ambulatory b3. Deviation from delta cortisol (a flatter curve) morming awakening
Excl: Any psychotropic (allergy patients morning to evening. compared with healthy
me dication other also included, data Higher values controls (related to )
current axis 1 disorder. | POt Presented) reflecting steeper curve sngl;mt;lcantly higher evening
s . value
neurological disorder, Cortisol data: 103
somatic disorder transformed cortisol
affecting cognitive values
function, drug and
alcohol abuse
Porter 2003 | DSM-IV Design: C-C, C-S Days: 3 Radioimmunoassay Measurement(s): One-way ANOVA | No difference between Only a few of the patients met criteria
[23] MADRS No.: 20 Pand 20 C Samples per day: 4 f}f 3AUC, avera%e of gatielr_lts f;nd ?om;ols i_n 1 fOL melancholic depr_essiqn as thi;i "
M/W-: . e 3 measures, log aseline levels of cortiso subtype appears to give rise to a higher
“9/1and 10710 ::xe;ﬁor' 08:00, transformed before the intervention. incidence of biological abnormalities
Age: 34 years(SD 11) 12: 0% l%-' 00 an(i Results from the intervention | including HPA dysfunction
and 33 years (SD 12) 20:00’}1 : not relevant for this paper
Group: MDD -
outpatients Settm%: .
Excl: Current substance Ambulatory for 3
L days before exp
abuse, medication (last
8 weeks) [tryptophan
infusion]. The EXP
P rate: part not reported
further
Pecters DSM-IV Design: C-C, C-S Days: 6 Radioimmunoassay Measurement(s): Multiple regression | Intercept showed that In contrast to healthy subjects,
2003[24] | HAM-D No.:45Pand 39C Samples per day: | Physical exertion, food, alcohol, | b3- Diumal pattern of - | Many factors such as | depressed participants hadno | depressed subjects showed no increase
BDI M/W: 1926 and 1623 | 10 coffee, smoking and medication | cortisol secretion. age, food intake and | increase in basal cortisol in cortisol after a negative event.
' . Mean level for each ing ti levels (day cortisol curve) Positive events had no significant effect
. Times for recorded X awakening time ( ¢ id ne
Age: 40 years (11) and time of the day was recorded and compared with healthy on cortisol levels in either group
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No correlation between

42 years (12) sampling: first calculated from adjusted for when participants
Group: MDD Experience the 6-day sampling relevant b4. Negative events associated
outpatients samphpg, period with significant cortisol
Excl: Substance abuse, recording moment Cortisol data: Log increase in healthy subjects,
psychotic symptoms, of daily activity 10 transformation but no evidence of cortisol
biopolar disorder, tm‘leS/ day starting response in the depressed
pregnancy, weight loss 07:30h at 90 min subjects
15%) inthe last 6 | muerval untl 22:30
months, endocrine and h. Salivary cortisol
RA disc,)r der, tfiken at the same
medication (inclusive tlmeé
antidepressants) Setting:
Ambulatory
Assies DSM-1IV Design: C-C, C-S Days: 1 ELISA Measurement(s): MANOVA with No difference in either cortisol | In the current sample of unipolar, non-
2004 [25] | HAM-D No.: 13Pand 13 C Samples per day: 2 | Instructed to rinse their mouth a2. Morning sample repeated measures levels or diumal slope psychotic medicated depress-ed patients
MADRS M/W: 3/10 and 3/10 Times for with water and not to brush their | a4. Evening sample | Pearson correlation | between patients and controls | the levels of DHEA-S were increased
Age: 40 years (11)and | sampling: 08:00 tecth before sampling. Moming | b3, Diurnal slope No correlation between any of but “0;301115011 Mlghthbe due to theh
41 vears (10) and 22:00h samples were collected after change from moming the cortisol measures and type of depression or that treatment has
G ¥ jpes " Setting: In the overnight fast 0 evening MADRS score normalized the HPA dysfunction
Toup: mos :
inpatilzents (10/13) Y inpatignts, Cortisol data:
Excl: Organic brain samplmg (;Ngs
syndrome, alcohol or zlllxgsirr:“s:taffy
drug abuse, medical o thersgwere :
illness, recent bulat
electroconvulsive ambuatory
therapy and psychotic
feature
O’Brien DSM-IV Design: C-C (only Days: 3 at baseline | '°I disequilibrium assay, the Measurement(s): Student t-test Significantly higher cortisol | Depressed subjects exhibited
2004[26] | MADRS baseline considered Samples per day: 3 | radioactive cortisol Single measure (mean level at all time points except | hypercortisolemia during depression,
here) Times for of 3 days) for 08:00 h in depressed as demonstrated by increased salivary
No.: 61 Pand 40 C sampling: 08:00, a2. Morning subject. AUC also cortisol levels
M/W: 13/48 and 1030 | 12:00, 16:00,20:00 a3. Noon, afternoon significandly higher
Age: 74 years (SD 6.7) h and .
and 73 years (SD 6.7) | Setting: Inpatients a4. Evening
Group: Older MDD, samples were not ¢3. AUC for all
both in- and outpatients | taken withina samples during the day
Excl: History of week o_f admission. (mean of 3 days)
cognitive impairment, Outpatient samples
stroke or TIA, severe or taken at home
unstable medical illness.
Substance abuse, >2
months steroid use,
ECT (<3 months).
Medication (SSRI
allowed)
Bhagwagar | DSM-IV Design: C-C, C-S Days: 1 Radioimmunoassay Measurement(s): ANOVA Main effect group, main effect | Medication-free subjects with a
2005[27] | BDI No.:20 Pand 40 C Samples per day:5 | Self reports for wakening time, | b1. Interactioneffect | pearson correlation | time but no time x group diagnosis of major depression secrete
HAM-D M/W: 10/10 and 19/21 | Times for Premenstrual week was avoided | of the morning curve Age and gender interaction effect'. Post-hoc 51g'mﬁcantly' greater amounts of )
) sampline: al,a2. Posthoc for5 | included as showed that cortisol _levels at | salivary 'comsol in relation to_wakenmg
Age: 44 years (SD 11) png time points . +15,+30 and +45 min were | (post). First hour after wakening the
and 41 years (SD 14) awakening 15, ©po covariates higher but not at awakening | cortisol level is the same as in healthy
Group: MDD +30, +43, %60 min cl. AUC measu:ed by AUC significantly greater controls. Does not seem to be related to
outpatients Setting; the trapezoid method severity of depression
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a5. Mean of all seven

the mean of all seven samples)

Excl: Current past Ambulatory Cortisol data: cortisol and BDI or HAM-D
serious medical or scores
neurological illness,
alcohol or illicit
substance dependence
or other axis 1 disorder.
Patients medication free
for >4 weeks
Stetler 2005 | DSM-IV Design: C-C, C-S Days: 3 Chemiluminescence assay Measurement(s): Hierarchal linear Similar cortisol levels at Blunted morning cortisol response
[28] HAM-D No.:37Pand 36 C Samples per day: 3 | Palm Pilot computer used to al. Awakening modelling awakening, lqwer levels in among depressed women compared
PRIME-MD | M/W: 0/37 and 0/36 Times for program the time of sampling. | a2. Single measure 2 | OC, tobacco use, depresged patients at +30 anld with non—depr'essed cgntrols:
Age: 27 years (6.6)26 | sampling: Instructed not to eat or brush time points post- education. 32%of | 60 min (blunted response in | Depressed patients failed to increase
egar's © %’) ’ Awakening, +30 | their tecth immediately priorto | awakening MDD also met depressmn)'. AUC greaterin | cortisol after awa}(emgg. Community-
¥ - min and + 60 min | collection ol. AUC ground criteria for GAD. No | control subjects based smp]es with milder symptoms
Group: MDD (33) or Seting: Cortisol data: 3 difference between | Cortisol negatively associated | are studied
mild depression (4) & - - these groups with HAM-D but not with
Excl: Chronic medical Ambulatory patients and 1 control BDI
illness, acute infection, exf:h*ded due ;0
pregnancy, use of missing samples
antidepressants or any
medication except OC
during previous month
Juruena DSM-1IV Design: C-C, C-S, EXP | Days: 3 (1 placebo, | Time-resolved Measurement(s): General linear model | Patients with MDD had MDD higher level of cortisol and more
2006 [29] n . 2 exp) immunofluorescent assay a5. Mean of day for repeated measure | higher mean level of cortisol | non-suppressors among MDD.
HAM-D No.: 18 Pand 14 C
BDI M/W: 4/14 and 3/11 Samples per day: | DELIFA measures Pearson correlation | after placebo and after DST | Prednisolone suppression also studied.
Age: .50 cars (SD 3) 10 No alcohol, coffee, tea or meals | ¢3. AUC (d Data not reported here
e Uy ; allowed after 22:00 h the day Patients had higher ¢c3 AUC
and 49 years (SD 3) Times for d. DST
G .y o sampling: 09:00- beforg sampling. During ) Cortisol data compared with controls after
oup: MDD inpatients | |\ (hourly)+ | sampling, snacks, meals, drinks placebo and after DST. Less
Excl: All subject 22:00 h standardized. Sedentary suppression after DST in
physical healthy, no OC . activities. No coffee allowed MDD than controls
and no history of Setting: One
hypersensitivity to capsule taken at
cc})llpiticosteroid;y 22:00 hthe day
before, containing
placebo, DST (0.5
mg) or
prednisolone
Alhaj 2007 | DSM-IV Design: C-C, C-S Days: 2 Radioimmunoassay Measurement(s): ANOVA No significant difference in
[30] HAM-D No.:27Pand 29 C Samples per day: 2 a2, a4. Cortisol level | Effect of gender cortisol level between the
BDI M/W: 11/16 and 16/13 | Times for (morning and evening) | tested g‘““pszN"‘“?c " group
NP b3. Group * time interaction indicating that
Age: 47 years (SD 10.8) ;iglgl(l)nogo 28'00 interactiol; diurnal variation of cortisol
?d 46 )I/\;gsSSD 11) Setting: (morning/evening) occurrfd in both patients and
Toup: X : . . controls
ouipalsients (recruited | Ambulatory g?,l;illsgldz;‘taﬁn 3
through advertisement) patients :ng 29
Excl: Psychotropic controls
medication (<6 weeks),
patients with other
psychiatric diagnosis
Treadway | DSM-IV Design: C-C, C-S Days: 3 Enzyme immunoassay Measurement(s): t-test Average cortisol levels (a5: Cortisol was primarily measured to be

related to volumetric measures of
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Cortisol data: At least
3 samples available to
be able to measure
AUC. Missing values
imputed. Log
transformed (DST
data)

AUC groungs 18 AUChcrease

2009[31] |HAM-D No.: 19Pand 19C Samples per day: 3 sample s= average were increased in the patients | different brain areas and the cortisol

M/W: 9/10 and 9/10 sample per day on cortisol levels, single group. However the difference | data alone was not discussed

Age: 35 years (SD 11) | tWo consecutive. measure in the cortisol sgcretion

and 30 years (SD 9) days flmd a tr;lor}r:}nf a2. Moming betweeln the patient and

X sample on the thir . control groups was greatest
gﬁotrt){elr\l/t[?D day a4. Evening for average morning cortisol.
P ; Times for a3. Aﬁemoon also No difference for other time

Excl: No history of sampling: within statistically analyzed points

neurological disease or 05 }113 a ﬂ%r

brain injury, substance a\'Vakenjn 15:00 h

abuse <6 months, and 21: OOgl; .

comorbid axis-A o

disorder.Patients were | Setting:

antidepressant free. Ambulatory
Chopra DSM-IV Design: C-C, EXP Days: 1 Radioimmunoassay Measurement(s): RANOVA AUC during the whole test Data suggest that females with MDD
2009[32] | HAM-D No.: 26 Pand 28 C Samples per day: 7 c4. AUC total cortisol | A series of two-way pe;iod s]howgd greater levels | do in fact sec;ete more Con}ifOl]i;l

M/W: 14/12 and 14/14 | Times for secretion RANOVASs and in females with MDD, not response to the TSST than healthy

Age: 39 years (SD 6) | sampling: -35 min, b4, Peak percentage | Pearson correlations | Males females. In males, MDD was

8¢ 57y 20 min, 0 (before change (max post were performed to | Mean peak percentage change | @ssociated with significantly lower

and 43 years (SD 6) TSST) 420, +40, stressor cortisol - TO | see if age, BMI, was lower in MDD males. No | Peak percentage change in cortisol in

Group: MDD +60 and +80 min cortisol/T0 x 100) psychotropic difference in females response to the TSST

Excl: Major medical post TSST Cortisol data: medication PTSD or

illness (affecting . anxiety diagnosis,

cortisol), heart disease, Setting: TSST menstrual phase and

current steroids use, smoking were

substance abuse, associated with

pregnancy, bipolar cortisol

disorder, acute suicide

ideation, history of

psychotic symptoms
Vreeburg | DSM-IV Design: C-C, C-S, EXP | Days: 2 (1 post Electrochemiluminescence Measurement(s): LMM analyses After adjustments, cortisol Higher cortisol values in the hour after
2009 [33] No.: 701 Pand308 C¢ | DST) immunoassay al, a2. Single measure | (morning response) | levels were found to be awakening were found for MDD.

: Samples per day: 6 | No eating, smoking, drinking or morning and CAR ANOVA (cl and c2) significantly higher in MDD | Although not confirmed with at 11:00
M/W: 243/458 and . - L . . ;
133/175 +1 (post DST) brushing teeth within 15 min measure with Full adjustments at awakening (al) and +30 h, significantly higher evening cortisol
Age: 42 years (SD 12.0) | Times for cl. AUC,gypg and sex, age, education, and +45 min (a2) aﬁe}' was found in MDD at 22:00 h. MDD

% ;‘7 ¥ a1 | sanapling: . AUC northern Europe awakening. The evening did not show more cortisol non-
and &/ years (11. > ’ nerease . cortisol at 22:00 h suppression after DST and current
+ .

Group: MDD (remitted A;Nakenmgj 30, a4. Single measure ancekstry, Workm?, significantly higher in subject | MDD was even associated with more
MDD also included, not +45, 460 min evening wee da}l’ time 0 with current MDD but no suppression. The use of psychoactive

(CAR),22:00 h . awakening, sleep, . . . Lo -
accounted for here) and 23:00 h. On d. Single measure months with more difference in cortisol levels medication was generally associated
Excl: pregnancy P morning after DST . . was found at 23:00 h or post | with decreased cortisol levels and less

- pregt y day 2 after DST at i daylight, smoking, . . .
breastfeeding. takin: . b3. Deviation between : .. DST. The suppression rate cortisol suppression after DST
g, g | awakening : physical activity . "
corticosteroids . the two evening however differs as MDD had
P rate: Cohort study iﬁg’i DST samples higher suppression rate (lower
: atory, . . cortisol)
; d. Cortisol suppression
o ‘;“aihze;gg‘ﬁng atio (awakml?ﬁg day AUC higher overall cortisol
(O.}g me) ’ 1/awakening day2 levels, bu} no int'emction effect
after DST) group x time. Higher
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Table 2b: Studies on depressive mood sorted by year of publication
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Reference | Depression | Study design/group Sampling Laboratory method Statistical approach for Statistical analysis, cortisol | Results Discussion
scale characteristics cortisol measure measure in relation to
outcome
Van Eck Zung self- | Design: C-S Days: 5 Radioimmunoassay Measurement(s): Main aim to relate cortisol to | Trait depression was associated | Trait depression showed
1996 [34] ;ating scale | No.: 87 Samples per day: 10 | 5 Extreme values were as. l?a%/ curve of akl)l ) gaily activity. Trait ofd ) with siﬁ]jﬁc]an(t mgreaseoirtl) o sma}! but sign?ﬁqmt "
or . - S excluded (>1200 ng/dL cortisol measures by using | depression was entered mto | cortisol levels (estimate 0.003, | positive association witl
depression M/W: 87/0 gg;sz;gro?]ggﬂgi d g/dL) average from the 5 days Hierarchical Linear Model. | p=0.05) cortisol in healthy
Age: 42 (27-57) years 22:00h ) sampling Possible confounders subjects
Group: White-collar S - - Ambal Cortisol data: Log including exerci§e, smoking,
workers etting: Ambulatory, transformation coffee and food intake were
Excl: Chronic illness, (110 Wa?g: beeps p ;1;) included in the model as
ine di dy with approx. 50- explanatory variables
endocrine diorder, | i nterva. Cortiol Py
affect cortisol, mental sampling done at the
health pmbler}ls same time point
P rate: 316 screened.
Only high and low stress
included according to
the lowest and upper
tertiles of PSS
Van Eck Zung self- | Design: Exp Stress-inducing Radioimmunoassay Measurement(s): The possible effect of trait Trait depression did not predict | Trait depression failed to
1996 [35] | rating scale . laboratory test (speech c4.. AUC depression was tested by cortisol response during stress | predict cortisol response
No.: 87
(fjor ) M/W: 87/0 ]t)ask) taknllgl; gi)aced Cortisol data: using stgpwise multiple task
epression etween 11:00 an regression
Age: 42 (27-57) years | 13:00 h. Groups
Group: White-collar compared were high
workers and low stress. 4 time
Excl: see above points before, during
P rate: see above and afier stress task
Da Roza BDI Design: C-S Days: 1 Radioimmunoassay Measurement(s): Log transformation. Pearson | Depression scores (BDI) was Caregivers had higher
Davis 2001 No.: 30 Samples per day: 4 a3. Only 12:00 hsample | correlation between not significantly correlated to cortisol levels compared
[36] M/W: 12/18 Times for sampline: used to relate to depression score and cortisol | 12:00 h cortisol levels with controls but cortisol
’ 08L.00. 12:00 1; 6 OgO depression. Correlation at12:00 h was not related to
Age: 68.8 (30-75) years and 2200k only carried out in depression score
Group: Caregivers : caregivers
(oontfols alstg);1 studied, Setting: Ambulatory €
but data not relevant)
Excl: Fulfilling criteria
of MDD. Psychotic
drugs
Pruessner | HDI Design: C-S Days: 4 days (1 Time-resolved immunoassay | Measurement(s): Pearson correlation i. Positive correlation between | Positive association
2003[37] No.: 40 day/week for 4 weeks) | with fluorescence detection. cl. AUC other computed between HDI HDI score and AUC. between increased
M/W:40/0 Samples per day: 3 Askefi to refrgin from smoking, | a1, a2. Post hoc analysis of | scores md AUC (median Si'gx'liﬁcant only in the non- cortisol }evels after
) . .o caffeinated drinks. Not to brush | ginole measures value). First for the whole clinical group (p=0.05) awakening and self-
Age: 24.3 years (SD Times fqr sampling: teeth and not to eat and drink 10 ¢ . . group and then repeated ioni i reported severity of
433) Awakening, +30 and in beft . th Correlation; cortisol levels ludine th - . f Slgruﬁgantly hlgher AW . d . .
- ) ) 460 min @n before and to rinse mou were transformed into a excluding the sub@ct SCOMNg | response in subjects with high epressive symptloms n
Group: Male university with water . . above the non-clinical range . o . anormal population
Setting: Ambulatory single value by calculation . . HDI scores. Group x time also
students . of AUC for each day and of depression. ANOVA. two | significant, best reflecting in
Excl: History of then computing the groups compared (median | 30 and +60 min values
psychiatric disorder, median. Two-way split of HDI)
CVD problems and repeated measures
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alcohol abuse. ANOVA (group x time)
Medication free at time
of testing. Six smokers
Vedhara HAD Design: C-S Days: 1 ELISA Measurement(s): d. Pearson’s product d. No correlation between When the non-linear
2003 [38] No.: 54 Samples per day: 5 Asked to avoid meals within 60 | @5- Mean of all correlation coefficients (with | depression and absolute level of | interaction is tested we
M/W-0/55 Times for sampling: | min of each sample and to measurements = absolute Bonferroni correction) cortisol finda pro‘babl!xty‘value
Age: 44 vears 07:00-08:00 h, 60 min | @void caffeine-containing log cortisol levels f. GLM. Interaction effects of | f. Depression significantly approachmg significance
ge: 44y after the first (08:00- | Products during the day. 18 of | b3. Deviation several depression  time (linear predicted non-linear time for depression
Group: Women 9:00 h), 12:00-13:00 h, | 55 reported current medication | measures. The rate of change and non-linear interaction, but not the linear
attending one-stop breast | | 1"/ hand use change of cortisol over change) interaction. (the change in
. . . 16:00-17:00 h ang . . .
clinic (receiving benign 0024+ time cortisol better described as a
diagnosis) 23:00-24:00 h '
2N Setting: ambulatory Cortisol data: non-linear slope)
Excl: Medication :
. . one of the days before
affecting cortisol .
appointment but not
P rate: 55/158 on the appointment
day
Tse2004 | BDI Design: C-S Days: 1 Chemiluminescence Measurement(s): General linear modelling, Cortisol concentration was Depression scores were
[39] No.: 60 Samples per day: 1 immunoassay a3. Single measure BDI as dependent variable positively associated with BDI | significantly associated
M/W: 26/34 Times for sampling: | Asked to reffain from any afternoon and age, sex and cortisol as | scores with basal cortisol level
Ace: .28 35 years (SD After 12:00 h : consumption of food or drinks | Cortisol data: Log independent. Other analyses and social functioning
9 %9) 22 Y Setting: Laborato (except water) from morning | transformed. Three are not accounted for here
) 30 miﬁ.r tina b ?,r subjects were excluded
Group: Healthy i esting betore from the analysis
volunteers ping (medication affecting the
Excl: Current or cortisol and 2 due to high
previous history of BDI scores)
psychiatric illness,
current physical illness
and current use of
medication
Burke 2005 | CES-D (the | Design: EXP Days: 1 Time-resolved fluorescence Measurement(s): Hierarchical linear modelling | No difference in baseline levels | Women with very high
[40] Spanish No.: 1109 Samples per day: 3 immunoassay. The samples a3. Baseline measure procedures. Depression between depression groups depressive symptoms
version) M/W: 0/1109 (between 08:00 and were schedule 25 min apart before stress (somewhere | scores (3 groups, high cut-off | (trend). Women with scores exhibit blunted cortisol
) . starting at different time points | between 08:00 and 16:00 | (35), high risk (16) and low | above 35 failed to mount response to naturalistic
16:00 h)
Age: 28.81 years (6.07) Times for sampling: sometimes between 08:00 and | h). Control for the time risk of depression (10) cortisol response to naturalistic | psychological stressor.
Group: Low-income At baselin (arﬂvalg-of 1600 h. All women remained | point done in the analysis | according to CES scores. stressor No difference between
women from families the seated during the visit and b4. Deviati 1 This was entered as the two other groups
1 e team) and 2 - . Deviation severa A
across Mexico. At least les duri sampling measurements predictors at level 2.
one child between age 2 Samples Curng . Adjusted for age, time since
naturalistic stressor Cortisol data: Log Lo iy
and 6 years A formation waking, time of sample
P rate: 95% of baseline Setting: An isitof
survey agreed to unexpected visito
articinate health professionals
partieip who conducted an
interview lasting 1 h
Gallagher- | CES-D Design: C-S Days: 3 Radioimmunoassay and Measurement(s): a2,a3,a4. ANOVA Depression scores did not Absence of relationship
Thompson No.: 45 Samples per day: 3 enzyme immunoassay . 30 a2,3, a4. Single measure | b3, Linear regression analysis | Predict cortisol levels at any between depressive
2006 [42] M/W-0/45 Times for sampling: samples were assayed using morning, evening, and to analyse the slope. time point. Greater depression | symptoms and morning
) . : PUNE: | both to ascertain the afternoon ; i ; symptoms were associated with | cortisol but association
. 08:00 h, 17:00 h and I~ Regression analysis entering . i .
Age: 53 (40-70) years 21:00h comparability between assays | b3, Daily average slope depression as predictor. flatter daytime cortisol slope between higher
Group: Total 4 groups. Setting: Ambulato from 9 measurements (3 | Confounders (included in the depressive symptoms
Careglvqs and . s y per day for 3 days) model); ethnicity, caregiving and flatter daytime curve
pmﬁgcgzg;;isai;f:i Cortisol data: The slope of | Status, perceived stress
Hispanigwhj to. diurnal change in log
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Subsample from 83 used transformed cortisol level
after matching for age
and education within
each group
McCallum | CES-D Design: C-S Days: 2 Immunoassay Measurement(s): Correlation. Hierarchical No significant correlation Mental health outcomes
2006 [43] No.: 54 Samples per day: 5 Participants were asked to b3. Deviation other linear rpodelling. Depression | between cortisol slope and shpwed 1o assqciation
M/W: 0/54 Times for sampling; | register sleep and exercise Cortisol data: Log scoresr:iz:luded in t?e n:iodel CES-D score. Deptes?on dlfl with physiological stress
Age: 58 years (8)67 Awakening. 09:00, deviation from normal days transformation. Cortisol as a predictor. Con: oun‘ ers | not predict the cortisol day slope responses as measured
8E: 20 S . . slope during the da (included in the model); age, by cortisol
years (11) 12:00, 17:00 hand pe ¢ Y ethnicity and caregivin,
Group: Caregivers 21:00 h Samples used: All status ty gving
divided in two groups | Setting: Ambulatory
(ethnicity)
Excl: <0 years
P rate:
Sjogren Major Design: C-S Days: 3 (mid-week) | Time-resolved fluorescence Measurement(s): Partial correlation analysis Negative correlation between | Depression related to
2006 [44] D§pressive No.: 257 Samples per day: 3 Registration of time of al,a2,a4,bl,b3 (al, a2, bl, b4). Adjgsteq for | depression score and awa]fenjng lower morni}ng cortisol
Disorder M/W: 129/128 Times for sampling: | @Wakening. For +30 sample Cortisol data: Log age, gender7 a}wakemng time, | and +30 min but not evening, and flatter diurnal
Scale Ace: 3064 awakening, +30 min less than 20 min and more than | transformation. Diurnal tak]ng medicine regularly, Negatlye con'elatlor} between | rhythm
(Becks) £e: Lo years and before bedtime 40 were excluded. + 30 taken | deviation = difference smoking, and alcohol use Wfikcnmg anq evening and 30
Group: Random sample Setting: Ambulato before breakfast between morning values min and evening. No correlapon
from a health survey g Ty and evening. Awakening between 30 min and awakening
(n=10,000) response +30 min minus
Excl: awakening
P rate: 400 invited. Samples used: All
64.5% participation rate
Therrien BDI Design: C-S Days: 3 randomly Radioimmunoassay Measurement(s): Correlation No significant correlation
2008 [45] No.: 78 assigned within a 2- Abstain from alcohol and bl. Deviation between between depression scores and
M/W: 50128 month period physical activity 24 h before, awakening sample and cortisol response in either men
Ace: .38 cars (10)/37 Samples per day: 2 caffeine during the same day. +30 min after awakening Or women
egar S ( Z) ’ Times for sampling: | N brushing and no food or Cortisol data: Average
b - . awakeningand +30 | drink except water between from the 3 days (except for
Group. Healthy subjects min sampling. Fasting since the 20 individuals for 2 days
ﬁ?ﬁgg;ﬁ;gh Setting: ambulatory evening before (20:00 h) due to missing samples)
v :
Samples used:
Excl: No history of P
depression or psychiatric
disorder, CVD or
smoking, menopause
Schulze BDI Design: C-S Days: 3 x 3 (3 typical | High sensitive commercial EIA | Measurement(s): Hierarchical multiple linear | Depression score were High depression scores
2009 [46] No.: 21 days during each of 3 | kit bl. Deviation between +30 | regression. Depression was | predicted by cortisol day slope | reflected in flattened
M/W: 12/9 periods of 2 weeks SPIT books were used min and awakening entered as dependent but this was only significant cortisol decline (only in
’ representing high, i ine = variable. Age, perceived when males were separately males)
. ; b3. Daytime decline ©se L
Age: 534 (24-81) years | medium, and low deviation between peak stress and pre-study survey | analyzed). Not significant in the
Group: Colorado stress) value (+30 min) to evening also included in the model as | total group
ranchers Samples per day: 3 Cortisol data: p redlctorsA .
Excl: o Times for sampling: Samples used: b'l. Morming cortisol was not
P rate: Invitation sentto | Awakening, +30 min 51g“1ﬁcfmﬂy related to
105 ranchers and before bedtime depression
Setting: Ambulatory
Muhtz PHQ Design: C-S Days: 1 Radioimmunoassay Measurement(s): MANCOVA. Effects of No significant difference ‘Women with depressive
2009 [47] No.: 215 Samples per day: 4 Advised not to drink, eat, a2,a3,a4,as. ‘Single deprgssive symptoms on bgtween panicipant with and symptoms exhibit greater
smoke, brush teeth or use measures cortisol profile | cortisol profile. Gender x without depressive symptoms | 16:00 and 22:00 h
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M/W: 107/108 Times for sampling: | mouthwash 30 min prior to was analyzed depression interaction for for the total group. In women, | salivary cortisol values
Age: 30-70 years 08:00, 12:00, 16:00 sampling. Not to drink alcohol | Cortisol data: Including variables of cortisol also significant effects of depressive | which partially mediated
Group: Healthy and 22:00 h during the day of collection 149 participants using anglyzeri Differences were | symptoms were seen on cortisol | the assqciation between
recruited from the Setting: Ambulatory linear interpolation for adjusted for age, education, | levels. Post hoc revealed that depressive symptoms
eneral population missing values level of physical activity and | 16:00 and 22:00 h cortisol and variables of the
& pop! o Samples used: All smoking levels where higher in the group | metabolic syndrome
Excl: Chronic discase, p : with depressive symptoms.
particularly CVD and Remained after adjustments
psychiatric disease,
medication (except from
HRT and OC)
P rate: 149 provided
cortisol samples
Table 2c: Studies on anxiety sorted by year of publication
References | Outcome Study design/group Sampling Laboratory method and Statistical approach for | Statistical analysis, Results Discussion
characteristics standardization in cortisol cortisol measure cortisol in relation to
sampling outcome
Hubert STAI Design: C-S, EXP Days: 1 Radioimmunoassay Measurement(s): b4. Pearson correlation | No significant correlation Like other investigators we could
1989 [48] No.: 17 Samples per day: 3 b4. Cortisol levels before (or}e-mil§d) between between. trait anxi¢ty scores | not find f:orrelgtion beﬁvgen
. . . stressor trait anxiety scores and | and cortisol secretion personality traits and cortisol
M/W:17/0 Times for sampling: 0 ) cortisol seerction release
Age: 27 years (SD 1.0) | (before), +25 and +45 Cortisol data:
) min in a response to
S{:ﬂlﬂ ;;g:althy stressor (LHRH
| dicati stimuli)
dE:uc .sNo medication or Setting; Stress
s reaction related to
P rate: procedures of LHRH
test performed
between 14:00 and
16:00 h. Data not
considered here
Bohnen STAI Design: C-S; EXP Days: 2 Radioimmunoassay Measurement(s): Spearman rank There was no significant The present finding failed to
1991[49] No.: 24 Samples perday: 6 | During the experimental b4. Mean_ of several correlation rela?ionshig betyveen Upitl demf)nst;gte ;1 signiﬁcantl .
M/W: 024 Times for sampling: proce_dure, the participants measure in a response to anxiety and saliva cortiso! relfltlong ip between lgve ls o
Age: 4149 years (1=12), 10:20, 12:40, 14:10. abstained from smoking and stress response trait anx1§ty gnd mdm@gg
61g- 9 years}(]n=1 2) " | 14:45: 15:00, 1530 h | coffee. At lunch time they Cortisol data: The mean glucocorticoid susceptibility
Setting: Continuous received 150 mL of lemonade. | of the 3 latest afternoon
GTIOUPZ E emale | menta%task forljt h 10 min interruption for lunch | samples were highly
volunteers in goo . intercorrelated and the
physical and mental compared with non- mean was calculated as
condition stre;sful control an index of cortisol
Excl: session (on a separate response to stress
day)
Hubert STAI Design: C-S, EXP Days: 1 Radioimmunoassay Measurement(s): a3. ANOVA a3. No significant difference | Lack of cortisol reaction in the
1992[50] | Basedonthe | No.: 64 Samples per day: 10 | Conducted between 14:00 and | 33 Single measure = c4. MANOVA in cortisol baseline level high anxiety group during
ratings on M/W: 64/0 Times for sampling: | 18:00 h. Subjects asked to baseline before the interaction effect with | between the groups (HA | unpleasant film stimuli
STAL subjects | o 18-40 years From the onset of refrain from exercise, drinking | Session performed repeated measures was | and LA)
were divided by | 8% ¥ film (0 min) and then | coffee, tea, and alcohol 1 h between 14:00 and 18.00 | calculated c4. The saliva cortisol
median split Group: Healthy ) 20 min intervals until | before the session h response increased
into high volunteers, forming two 180 min 4. Cortisol concentration significantly in the LA
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anxiety (HA) | groups (HA and LA) Setting: Half the time curve (AUC) during group only. HA group did
and low anxiety | Excl: medication group exposed to stressor was calculated not differ between the two
(LA) P rate: unpleased film and Cortisol data: sessions
’ half the group
exposed to a control
film. 120 min
Van Eck STAI Design: C-S Days: 5 Radioimmunoassay Measurement(s): Main aim to relate Positive association Trait anxiety showed small but
1996 [34] No.: 87 Samples per day: 10 | 5 extreme values were Da){ curve (slope) of all cort}sol to dgily activity. | between cortisol leyels (the signjﬁcam pqsitive associatAion
M/W: 87/0 Times for sampling: | €xcluded (1200 ng/dL) cortisol measures. Trait of anxiety was day slope) and anxiety with cortisol in healthy subjects
A 42 @757) Between 08:00 h an d Average from the 5 days | entered into the
ge ->7/)years . : sampling Hierarchical Linear
Group: White-collar ;2'90 h . Model. Alcohol, coffee,
workers etting: ulatory, food intake, smoking,
Excl: Chronic illness 10 Wa?Ch beeps per and physical exmi(’i
en do.crine disorder ? day with approx. 90- were entered into the
medications known to | Tin interval. Cortisol model
affect cortisol, mental sampling done at the
health probler;ls same time point
P rate: 316 screened.
Only high and low stress
included
Van Eck STAIL Design C-S , EXP Stress-inducing Radioimmunoassay Measurement(s): The possible effect of | Trait anxiety did not predict | Trait anxiety failed to predict
1996 [35] No.: 87 laboratory test c4. AUC calculated. 4 trait anxiety was tested | cortisol response during cortisol response to stressor
M/W: 87/0 (speech task) taking time points before, during | by using stepwise stress task
A '42 @7.57) place between 11:00 and after stress task multiple regression
ge: -5 /) years and 13:00. Groups
Group: White-collar compared were high
workers and low stress. 4
Excl: See above cortisol samples
P rate: See above
Filarie STAIL Design: C-S Days: 1 Radioimmunoassay Measurement(s): Data presented for trait | No pre-competition level of | Both pre- and post-competition
1999 [51] No.: 20 Samples per day: 2 (1 | At least 3 h since last ingested a4. According to &e data anxiet}_f isa cotrela_tion cortisol was sigr_liﬁcaptly leye] of cortisol was significantly
M/W: 0/20 after competition not | food. Only water allowed presented correlatlor} was | analysis between single corrplateé to trait anxiety. higher in thfe handball players.
) ’ further accounted for | during the games. None had done between two single measures (before the Tl’alF anxiety was ) No corje?atlon between pre-
Age:24 years (4.8)/25 here) trained the day before measures (evening) and | competition) for the two | significantly correlated with | competition level and trait
years (2.6) Times for sampling: 5 trait anxiety different groups post-competition cortisol anxiety
Group: Handball (n = . : Cortisol data: values. As this involves
13) and volleyball (n=7) glfnﬁzgz.rsnag; t?f;r intense physical activity, the
players 152h results are not relevant for
. icati = this review
gglhlgﬁis(;rr;z?cauon, Setting: Handball or
S volleyball
endocrine disease ..
competition, played
between 20:00 h and
22:00h
Vedhara HAD Design: C-S Days: 1 ELISA Measurement(s): a5. Pearson’s product a5. No correlation between | When the non-linear interaction
2003 [38] No.: 54 Samples perday: 5 | Asked to avoid meals within | 85 Mean of all coqclaﬁon cocfﬁcicnts anxiety and absolute level | is tested we find a sigrﬂﬁcant, but
M/W-0/54 Times for sampling: | 60 min of each sample and to measurements = absolute | (with Bonfen’om of cortisol gmall, effect of anxiety (when the
Age: 44 vears 07:00-08:00 h, 60 avoid caffeine-containing log cortisol levels correction) b3. Anxiety significantly lll"lCS of best fit are presented,
g6 Ay min after the first products during the day b3. Deviation several b3. GLM. Interaction | predicted non-linear time | high anxiety showed somewhat
Group: Women (08:00-9:00 h), 18 of 55 reported current measures. The rate of effects of anxiety x time | interaction, but not the lower cortisol (at midday)
attending one-stop breast 12:00-13:00, h 16:00- | medication use change of cortisol over | (linear change and non- | linear interaction. (the
c!]mc (relbcelvmg benign 17:00 h, 23:00-24:00 time linear change) change in cortisol better
diagnosis) h Cortisol data: log described as a non-linear
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Excl: Medication Setting: Ambulatory transformation slope)
affecting cortisol one of the days before
P rate: 55/158 appointment but not
on the appointment
day
Takai 2004 | STAI Design: C-S, EXP Days: 1 ELISA Measurement(s): Pearson’s correlation Cortisol concentration in the | No significant correlation
[52] No.: 83 Samples per day: Instructed to abstain from a2. _Single measure = coefficient resting sali\fa did not between cortisol and STAI score
M/W: 53/30 Accumulated saliva | eating, smoking, drinking any | Testing level correlate with STAI score.
Ace: 23323 8 vears was collected every | beverage except water and b4. Maximum level of In contrast with amylase the
86 25.9/25.0y 3rd minute during the | exercising 2 h before the cortisol during stress (as a cortisol level did not
Group: Healthy stress exposure. In experiment percentage of basal) statistically correlate with
volunteers total 11 samples are Cortisol data: the STAI score
Excl: Physical or mental | presented
illness, pregnancy, taking | Times for sampling:
corticosteroids or OC .
Setting: Stressful
P rate: video viewing for 15
min performed
between 09:00 and
11:00 h
Jezova STAI Design: C-S, EXP Days: 1 RIA Measurement(s): Two-way ANOVA with | a3. No significant difference | The present data indicate reduced
2004 [53] No.: 27 Samples per day: 6 | Asked to abstain from eating at | 33- Basal levels before time and group as factor | between basal parameters | responses during psychosocial
M/W: 27/0 samples during and | least 3 h prior to the the stress test measured stress in subjects with high
Ace: 2040 vears post-stress experiment b4. Mean of several b4. In anxious subjects the | anx1ety
8e: ¥ : o measurements during the salivary cortisol was
Group: Healthy. divided Times for sampling: AV .
: im}‘ll?- | ead 1)” VI€EA | Tests were performed stress test significantly lower in a
Into high an ! ow anxiety during early Cortisol data: response to stress compared
(I;:ixcl: Son;atu?lorh rpental afternoon with non-anxious group
seases, family history . .
of psychiatric disease, Senmg. Modified
BMI >28 ki/nt, BP version of TSST
>140/90 mmHg,
medication
Takahashi | STAIL Design: C-S, EXP Days: 1 ELISA Measurement(s): Pearson’s correlation a3. Trait anxiety was The results indicate that a high
2005 [54] No.: 20 Samples perday: 2 | Not to drink anything a3. Single measure = pre- | analysis positively correlated to basal | level of anxiousness as a trait
M/W: 200 samples containing coffee or alcohol stress and post-stress (pre-stress) and post-stress | personality is associated with
) . | th fi ink | afternoon cortisol level chronic high levels of cortisol,
Age: 20 (19-23) years Times for sampling; | the day before. Not eat/dri . . o . ive of nsvehosocial
’ pre-stress and 10 min | anything other than wateror | b4, Deviation = cortisol b4. Trait anxiety was not irrespective of psychosocial stress
Group: Healthy male post stress exercise 1 h before the trial increase post-stress minus significantly correlated with | €Xposure
students ) Setting: TSST pre-stress cortisol increase during
iﬁ{iﬁﬁﬁ;&r‘gm conducted between Cortisol data: stress
chronic hotmonal 14:30and 17:30 h
regulation, atopic,
psychosomatic
psychiatric disease
Schlotz STAL Design: C-S Days: 2 weekdays Luminescence immunoassay | Measurement(s): Mixed models testing a5. No significant Trait anxiety did not have
2006 [55] No.: 71 approx. 3 months Handheld computer device to | Model with 3-level the impact of control association of trait anxiety | significant main effect on
M/W: 31/40 apart monitor compliance. structure (person, days, | variables, stressors and | with cortisol secretion. The | cortisol. However HPA
Ace: '52 6 D16 Samples perday: 3 | Questions regarding exercise, | time/day) affect on cortisol. associatioq of performance activatior} to perfonyance'
ge: 52.6 years ( ) Times for sampling: | Smoking, meals, coffee were | a. The correlation with Contrpllmg forA sex, age, | pressure with _comsgl not pressure is stronger in subjects
Group: Healthy 11:00. 15:00. 18:00 -h asked (computer) before STAI score was exercise, smoking as relevant for this review with high anxiety (beyond the
Excl: Corticosteriods, Setting: Ambulato sampling performed with cortisol | other did not contribute scope of this review)
pregnancy, diabetes & Y secretion (OC, food intake,
P rate: Subsample of Cortisol data: log coffee)
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Age: 20-30 years

15 min following
stress procedure)

menstrual cycle (MC)
a2. Baseline levels (pre-

cortisol levels were affected
by stress in anxious women
only in the follicular phase

broader community- transformed
based sample
Ryff2006 | STAI Design: C-S Days: 4 Cortisol enzyme immunoassay | Measurement(s): Correlation Daily slope of salivary The trait anxiety and cortisol
[41] No.: 135 Samples per day: 3 kit b3. Deviation other cortisol not significantly results were not discussed
M/W: 0/135 Times for sampling: | No brushing, cating or Cortisol data: correlated to trait anxiety separately
Age: 74 years (SD 7.08) | 30 min after drinking coffee before the Normalizing
8% ] Y - awakening, midday | moming sample. No lunch transformation done
Group: Women recruited (before lunch) and before and no brushing before | when appropriate. Daily
from previous evening before evening sample average slope from the 4
longitudinal study bedtime days was calculated
z ;agt;;iﬁ%ﬁhe Setting: Samples used: All
Responders younger and
more educated
Ellison STAI Design: C-S Days: every day Radioimmunoassay previously | Measurement(s): ANOVA There was no significant Differences in anxiety levels that
2007 [56] No.: 95 during one menstrual | described by the authors al. Mean of several difference between the were established by the study
M/W: 0/95 cycle collected during every different anxiety groups in | design are not reflected in
. Samples per day: 1. third day over a month cortisol levels differences in HPA axis activity
Age: 21-40 years Morning samples Cortisol data: Around 1/3
Group: Healthy women | so0n after wakening of the samples used,
Excl: OC, pregnancy or Setting: Ambulatory. representing every third
lactation for at least 6 In part two, day unless sample was
months. Two parts, only participants were taken after 09:00 h.
part 2 reported divided into 4 groups Samples were averaged
based on STAT scores
Therrien STAIL Design: C-S Days: 3 randomly Radioimmunoassay Measurement(s): Correlation Awakening cortisol In women ACR are negatively
2008 [45] No.: 78 assigned withina 2- | Apstain from alcohol and bl. Deviation between response was negatively correlated to trait anxiety
M/W: 50/28 month period physical activity 24 h before, morning sample +30 min correlated with trait anxiety
Ace: 3 8 years (1.0)/37 Samples per day: 2 caffeine during the same day. minus awakening (ACR) in women. NO significant
ega s a Z) ’ Times for sampling; | N0 brushing and no food or | Cortisol data: Average association m men
¥ ) Awakening and +30 | drink except water between from the 3 days (except
Grogp: Healthy free of min sampling Fasting since the for 20 individuals for 2
medication . evening before (20:00 h) days due to missing
Excl: History of Setting: ambulatory samples)
depression or psychiatric
disorders, CVD
problems, smoking
Taylor STAI Design: C-S. Days: 2 (+1 day Radioimmunoassay Measurement(s): a5, b3. ANOVA a5. Total cortisol level not | Although total cortisol did not
2008 [57] No.: 28 under military stress, | Ng caffeinated food or a2, a3, a4. Single repeated measure. different between the differ between the groups,
M/W: 280 data not reported beverage, alcohol, tobacco or | Mmeasure all Adjusted for wake time | groups discrepant diurnal cortisol
Ace: '21 6 years (SD 23) here) medication 12 h before data | Measurements a2, a3, ad. t-test b3. A significant overall profiles were observed. In the
88210y ~ 7777 | Samples perday: 5 | collection period a5. Mean of several difference with the cortisol | high anxiety group the mid-
Group: Young military | . o sampling: measurement level remaining high in the | Moming levels remained
men 07:30,08:30. 09:00, b3. Diumal profile mid-morning anxiety group | increased
E}Jclclly P::;/:)(EZ giﬁ/ing 16:00 and 19:30 h Cortisol data: Log a. Fq; eachI tirl?e }l])oint,og %
> ing: i significantly higher at 08:
(I:TSDésubs tanc‘:ﬁ . Setting: Ambulatory transformation N i‘t‘l g 09:08’}1 g
lependence, medication
Hlavacova | STAI Design: EXP Days: 1 Radioimmunoassay Measurement(s): ANOVA repeated No difference between the | A combined mental and physical
2008 [58 . . b4. Cortisol levels as an | measure groups in baseline levels stress procedure of mild intensity
No.: 40 Samples per day: 2
M/W: 0/40 samples (before and effect of time x group x (pre-stress). Salivary induced a significant cortisol

increase only in women with
high trait anxiety in the follicular
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Group: healthy students | Setting: Stroop test stress). 07:30 h (interaction effect of time x | phase of the menstrual cycle
Excl: Any somatic or and physical Cortisol data: group x MC phase)
mental disease, BMI >25 | component test
kg/mz, BP >140/90 (handgrip exercise),
mmHg, pregnancy and performed between
lactation. Selection of 07:30 and 11:30 h
subjects with high (20)
and low anxiety (20)
scores
Préville STAI Design: C-S, EXP Days: 2 exp days ELISA? (cortisol concentration | Measurement(s): Structural equation a2. No significant difference | The magnitude of the
2008 [59] No.: 315 (solving math was determined in duplicate by | a2. Mean baseline modelling in mean baseline cortisol experimental related physiologic
M/W:131/184 problem during 6 enzymatic dosage using an cortisol secretion for the secretion between the reactivity level, 40 min after the
’ min) automated device Immuno I two different days groups at either T1 or T2 test was higher in the non-
Age: 60-75 years Samples per day: by Bayer (TU/T2) b4. No significant anxious group. The_ an_xious
Group: Healthy older 3/exp Instructed not to smoke, or b4. Mean of the difference in the mean of | group showed no significant
Excl: Probable major Times for sampling; | drink coffec or alcohol after experimental related the experimental related positive gradient which appears
depression, severe before, direct after 00:01 h the previous evening | cortisol reactivity cortisol reactivity. The to be inagreement with the
cognitive problems, stress and 40 min b4. The cortisol curve response was different with helApleAssAness reaction hypothesm
endocrine disorder, after relaxation. All during the experimental apositive response in the | in individuals presenting a high
cancer, antidepressant, | experiments started at situation non-anxious group leve] of anxiety
estrogen, GC 08:30 h . . compared with lack of
. : Cortisol data: . .
replacement during the . response in the anxious
. Setting: Two
previous month : group
experimental days.
P rate: 62% of selected Subjects divided into
subject participated high and low anxiety
Table 2d: Studies on burnout and exhaustion sorted by year of publication
Reference Outcome Study design/group Sampling Laboratory method and | Statistical approach for | Statistical analysis, cortisol in | Results Discussion
characteristics standardization in cortisol measure relation to outcome
sampling
Kristenson VE Design: C-S Days: 1 weekday Salivette cotton swabs Measurement(s): Repeated measures analysis of | b4. No significant Main aim to investigate
1998 [73] MQ No.: 183 Samples per day: 4 | (Sarstedt, Sweden) b4. Before and after variance association between | cardiovascular and
M/W: 183/0 Times for RIA (CoatA-Count, LA | stress test VE and cortisol at 40 | cortisol responses to
L USA) Cortisol data: min after start of stress | acute stressors
Age: 50 years sampling: At test i i
. . baseline (after rest) | Participants arrived at Samples used: +40 min . Slgn' negative
Group: Population-based before, and 16,20 | laboratory fasting afier a Effect marginally relationship between VE
random selection of 50- and 40 min after night’s sleep significant p=0.09 and serum cortisol at 30
year-old men from min. p<0.001
X . start of stress test . p<U.
Lithuania and Sweden .
Excl: Serious disease, SBP itael;tonrlzi)ry at
>180 mmHg, DBP >105 X .
mmHg, AMI <3 months, 07:30hor09:30 h
unstabilized angina pectoris, | Stress test:
insulin-treated diabetes 1. Anger recall
P rate: 85% 2. Mental
arithmetic
3. Cold pressor
Melamed BO Design: C-S Days: 1 Saliva collected in 2 mL | Measurement(s): Subgroups by median splits of | aS. Subjects with high | BO is associated with
1999 8] SMBQ No.: 111 (37+22+52) Samples per day: 2 | test tubes a5. One morning sample | SMBQ scores, and chronicity | chronic BO had higher | heightened physiological
Subgroups: HCB high M/W: 107/4 Times for RIA (Coat-A-Count) (08:00 h) and one scores. Repeated ANCOVA: | salivary cortisol than | arousal
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disorders, etc., smoking

P rate: 577/1600 screened;
29 VE subjects, and 30
controls selected

b3. Basal cortisol levels:
interaction tested group
by time

b4. Cortisol in relation
to stress test: baseline at
17.30 h, +20, 40, 60 min
after beginning of SIST
Cortisol data: Log
transformed

Samples used (time): All
samples

bl. No significant
difference in CAR
between groups

b3. Significantly lower
cortisol levels at 21:30
h and 22:35 h in post
hoc analyses
performed

b4. VE-subjects had
significantly lower
cortisol levels
throughout SIST, but
no significant group
by time interaction in

chronic (n=37), HNCB Age: 43.1 years (SD 9.0) sampling: 08:00 h, afternoon sample (16:00 | main effects and interaction subjects with low BO. | May disclose mechanism
high non-chronic (n=22) Group: Fulltime non-shift 16:00 h h) (group x time) The difference was underlying the link
Low burnout (LB) (n=52 | employees Setting: b3. Slope morning- Confounders: smoking, s1gn1ﬁcef1nt 0}11)’ for between BOand CVD
Excl: Self-reported CVD, Ambulatory afternoon medication thh(;se Wlth high risk
and incomplete data Cortisol data: Log chronic BO
P rate: 111/152 (73%) transformed 03 There wasno
N significant group by
:::nnll)jlfss used: Both time interaction effect
Pruessner BO Design: C-S Days: 3 Salivette (Sarstedt) Measurement(s) Seven subscales of two a2. High BO was Teachers with HB levels
1999 [64] MBI+TBS No.: 66 (HB 30, LB 36) Samples per day: 4 | Time-resolved a2. Mean awakening questions were z-transformed | associated with lower | showed blunted cortisol
M/W: 24/42 Times for fluorescence response and aggregated into a single | morning cortisol levels | levels the first 2 h after
A ;13 695 sampling: immunoassay b1. Awakening variable with HB definedas | on all 3 days awakening and increased
e: 43.6+9.5 years : : i
Gfou Mo dic;:ion— P Awakening, +15, | Instructed to strictly response: interaction BO 220, and LB defined as Z<.0 (I\}/)Lé(if%;)s(bs/lsfg (::1 d suppre'sswn after DST
teach];s (except for use of +30, +60 min follow time schedule for | by time tested ANOVA (group x day x time) TBS. 169 e,ctivel ’) Combined BO measures
oral contrace gves) Setting: sampling, stay in bed d Confounders: gender, » TeSP) Y resulted in the most
P Ambulato until after 2nd sample, . . perceived stress, oral bl. There was no marked differences
Subgroups: HB (z>0), LB - Cortisol data: - ; significant interaction
Sroups: > Instructed to sample | and not brush teeth or contraceptive use gnitica
(z<0) during working have breakfast until Samples used: All four (BO x time): (based
days sampling was completed samples on MBI+TBS)
d. Stronger cortisol
Dexamethasone: ?
0.5 mg by mouth, su];]]a]rae;sllon a(}t‘e];DST,
L in an in
on 2nd evening,
between éZ‘OOgand group (based on
aoon MBI+TBS)
Nicolson 2000 | VE Design: C-S Days: 2 Salivette cotton rolls Measurement(s): t-test al,a2,a3. No Results showed few
(74] MQ, MIVE No.: 59 (29+30) Samples per day: | (Sarsted?) al.06:55h Repeated ANOVA significant difference | differences between
M/W: 59/0 5+6 RIA, using HPLC- a2.11:00h Multiple linear regression tc)snmisi)elnl g 211; p;l;n grb(;:fjé?og;;fgfﬂ&;
. Times for purified preparationof | 20 17401 Confounders: tes: . . Y powe
Age: VE, 51.1 years (SD g 1 a _ .16:00 h, 17. ‘onfounders: covariates: time point test of group differences
45);C,52.2 years (SD 5.1) | sampling: cortisol-3-CMO erceived stress, sleep quali i ivi
R | Day 1:21:30h, histamine and antiserum | 34 19:00h,21.30h, Surrent daily fat ueep quality, | ., Significantly lower | I reactivity was low
Group: Healthy, non- 420, 40, 60 min made by 3-CMO-BSA [ 2235h Y1 cortisol levels in VE | Samples for determining
smoking VE subjectsand | o "orer o0 | conjugate a5. Basal cortisol levels: subjects at 21.30 h and | morning response were
controls 22:35h Morming sampling was | mean of 7 samples 22:35 h, butno obtained onlyat
Elxcl: CVD, pulmopary Day 2: 06.55 h 420 performed at awakening (06:55 h, 11:00 h, 16:00 significant differences awakenm_g and 20 min
dlsgase, GI complajpts, min, 11:00 b, 16:00 | While prone in bed, with h, 17:40 h, 19:00 h, at 19:00 h later; the interval may be
major dep'ress'lon, diabetes, h. 1740 h. 19:00h | second sample before 21.30h,22.35h) a5. No significant too short for detecting
theumatoid dlSOI‘del:, S, ting: L;b I.at breakfast bl. Awakening main effect of VE on | differences between
hypercholesterolemia, Sfress%est' S(;STory, response: awakening, overall cortisol levels | 8OUPS
Parkinson, thyroid g +20 min (p=0.08)
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response to SIST
Morgan 2002 | BO Design: C-S Days: 1 - Measurement(s): - a2. Subjects with Adds weight to argument
[65] MBI No.: 41 Samples per day: - Confounders: - highgr levels of BO ‘hﬁt disrupti'on of HPA
MAW: - Times for ad. had S{gruﬁcagtly lower axis rggulatlor} exists in
A ’ sampling; Moming Cortisol data: morning cortisol levels | individuals with BO
e: - : - - .
Grgoup' Soldiers and evening Samples used: - aé.t' Subjects with
panicil'aating in combat Setting: - tcl(l)glml:gll i\:ils of
diver qualification training significantly higher
Excl: - evening cortisol levels
De Vente BO Design: C-S Days: 1 1. Non-coated Salivette | Measurement(s): Repeated ANOVA (time x a2. Significantly Results suggest
2003 [66] MBI No.: 45 (B0 22, C 23) Samples per day: 9 (Sarstedt) a2. Mean awakenipg group) higher cortisol levels dy§re?gulat—ioq of.HPA
Group: M/W: 2421 Times for 2. Spit into cup response: avyakenmg, Covariates entered in analyses: | in BO patients axis in BO as indicated
BO: Patients on sick leave | Age: BO, 42 years (10); C, | sampling: (Navazesh) #30. 60 min age, gender a3. Nossignificant mmmczdrt?sﬁ¥evels
(2 weeks to 3 months 31 years (7.6) 1. Moming Enzyme-immunoassay a3.12:00 h, 15:00 h difference in cortisol g )
fulltime, or 6 months part- | . © gl hat | samples: (DSL) bl. Awakening levels between groups | BO patients might not
time) work-related coul(.l exolain fatiene Awakening, +30, | 1. No breakfast or brush | Fesponse: interaction at12:00 hor 15:00 h ha\{e recove'red full}'f
complaints Conrols ) | Pn,rzary axisgiu +60min, 12:00h | tecth within 15 minof | tested (group by time) b1. Nosignifcant fnf’y“fetzzgng‘gf‘”mh
ealthy working controls . i i interaction effect
Y ¢ disorders, and severe 2. Lgboratory sample being col‘lected b4. L?boratory session (group by time) sustained activation of
depression (BDI<25) session (TSST) 4, | 2. Asked to refrain from | Sampies R . the HPA axis
C: trauma. psychiatric +5,+19,+33,+47 | coffee and cigarettes for | Cortisol data: - b4. Slgmﬁm? time by
llness :;’ pa)l;c current | Min (inrelationto | atleast 60 min before | Samples used: all group interaction,
within clir;ical range ff at 13:30h, final stecper dectease tn
VBl fitions soorgs sample taken at cortisol levgls in BO
gu 15:00 b group, No significant
Setting: Laboratory difference between
and am‘bulatory. groups during TSST
Sampling on
weekday
Ekstedt 2004 | BO Design: C-S Days: 1 Salivette (Sarstedt) Measurement(s): Stepwise multiple regression | al. BO was positively | Association between
[61] SMBQ No.:24(HB12,LB12)  |Samplesperday:9 | RIA (ORION) al. Awakemﬁg sample | Pearson correlation aSSQleTed nghk | cortisol afnd 5166113 e
Subgroups identified M/W: 10/14 Times for (07:00h1 ) Confounding: Excl: CVD, cortiso flt ayv ening 1}33% was) t?ec;z((l)azt; ¥
based on SMBQ-scores: | Age: 30.5 years (SD 1) sampling: a2. Mean cortisol: lung disease, diabetes or a2. No significant otential confounder
High burnout (HB) Groun: Fulltime. non- Awakening, +15, Awakenlng, +15,30,60 | metabolic disease in the past | associations between p
(n=12), LB controls smolgﬁ emolovoss non. | 30 60 min and min 12 months. No anxiolytics, | BO and mean value of
matched for age, gender sedent s i fep-s yle ;vi h 11:00 h, 15:00 h, bl. Difference between | beta-receptor stimulants, ACE | ll four cortisol
and employment duration o derzg aloohtg; u’1 take 19:00h,21:00 h samples at awakening | inhibitors, or antidepressants. 9 sampleg after
(n=12) and at bedtime and +60 min used oral contraception awakening
Excl:- . Setting: Cortisol data: Variables bl. The difference in
P rate: 414/676 (61%) Ambulatory, with skewness >+2 were cortisol smpled at0
screened, 24 selected workday log transformed and 60 min after
Samples used: awakening, did not
Awa]f(enin + 15.30. 60 correlate significantly
Aw g, +15,30, with group
Grossi 2005 BO Design: C-C Days: 1 Salivette, cotton rolls Measurement(s): Repeated ANOVA Women (n=35): Results indicate
[62] SMBQ No.: 64 (22+20+22) Samples per day: 4 | (Sarstedt) al. Awake Linear regression al. Sign higher dysregulation in HPA
HB (n=22): sick leave due | M/W:29/35 Times for RIA (ORION) 2. Mean awaken!ng Spearman rank correlations ;svrslfgrlﬁls‘gfels a :;Eﬁg;ziszr;wmased
to burnout, white collar | Age: HB, 42 years (SD 9); | sampling: Instructed not to brush flsgoj_l;% izgk;;}l;nga Covariates in regression 2. Sign higher cortisol, among female
Moderate burnout (MB) | MB, 39 years (SD9); LB, | awakening, +15, | teeth or consume any > T analyses: antidepressant cortisol at +15min, | BO patients
(n=20) + LB (n=22): 41 years (SD 10) 30, 60 min food before having bl. Mnlne: medication, time of +30. +60 min. in HB .
Whi H : . o completed sampling, to | (cortisol;s:30+60min)/3 - i ; > o, m Among males highest
ite-collar, median split | Excl: HB, no comorbid Setting: g 530460 min awakening, sleep variables, vs LB cortisol levels in
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screened, 88 selected

Samples used: All four
samples

of SMBQ scores depression; MB+LB, Ambulatory, collect first two samples | cortisolyaxe negative mood bl. No significant intermediate levels of
insufficient saliva; HB, 22 | weekdays while remaining prone in difference Mnlnc BO
cl. AUCgouma
patients with HB selected bed Cortisol data: Lo cl. HB patients higher
from 93 consecutive transformed - L08 AUCgounq than LB
patients MB+LB: 330/450 group
(73%) screened, 45 Samples used: All four Men (n=29);
selected, 42 included samples al.. No significant
difference
a2. No significant
difference. Sign higher
cortisol levels in MB
vs LB group at +60
min. No other
significant difference
bl, cl. No significant
difference in MnlInc or
AUCgoud
Soderstrom BO Design: C-S Days: 2 Salivette (Sarstedt) Measurement(s): t-test al, a2, a3, a4. No Lacked information on
2006 [63] SMBQ No.: 24 (12+12) Samples per day: 9- | RIA al. Awakening, Repeated ANOVA §ig1ﬁﬁ?aflltldifffrences the duration of BO ”
HB (n=12) and age-and | M/W: 10/14 10 Instructed not to eat or | 32- Awakening Diurnal amplitude was ]1;1@ t(;o/:;c’ Z:e: HB ZZ:E tl(; r:s;t dllsul;(;sosrll 0‘;
gender-matched controls | Age: HB. 30 years (SD2); Time of sampling: | brush teeth for at least 30 | fesponse: awake, +15, | calculated as difference 7en groups. S .
. — ge: b, SUye > . . 30. 60 min - had higher cortisol at | BO may have yielded
with LB (n=12) Awake, +15,430, | min before sampling. g between post-awakening peak . .
LB, 31 years (SD 2) awakening on work different results
| +60 min, 11:00h, | Moming saliva sample | a2. 11:00 h value and the bedtime value X
Group: IT-employed ) ) day compared with
grouped based on SMBQ 15:00 h, 19:00 h, was sampled between 23.15:00 h weckend
21:00h,23:00 h 05:30-07.30 h before . 00h .
scores and/or at bedtime | broakfast a4.19:00 h, 23:00 5. No main effect of
Excl: - Setting: a5. Diurnal cortisol group on diurnal
P rate: 414/676 screened, 24 a.mbulaitory 1 pattern: awakening, pattern of cortisol
sampled ’ 11:00 h, 15:00 h, 19:00 b3. No sienificant
workday, 1 day off . - NO S1gNIIIC:
h,23:00h difference (difference
b3. Diurnal amplitude: post-awakening peak
difference between and evening values)
morning peak and between groups during
bedtime value either day
Cortisol data: Samples
used: awakening,
morning peak, 11:00 h,
15:00 h, 19:00 h and
23:00h
Langelaan BO Design: C-S Days: 4 Cotton roles (Sarstedt) | Measurement(s): BO was defined based on a2. No significant There is no convincing
2006 [67] MBI No.: 88 (29+33+26) Samples per day: 4 | Immunoassay a2. Mean of morning MBI cut-off-scores dif‘ff?rences in morning | evidence _fo_r HPA axis
Subgroups: BO (n=29), M/W: 88/0 Times for (DELFIA) samples Repeated ANOVA cortisol levels between abnognghtlgs
work-engaged (WE) Age: BO, 453 years (SD sampling: Instructed to follow time bl. Interactions group x (?nteractions day x groupand | 8rOUPS o functioning in BO
(n=33), controls (C) 8.1); WE, 45.1 years (SD | awakening, +15, | schedule strictly, report | time time x group tested) b1. No significant
(n=26) 7.9); C, 42.9 years (SD 7.7) +30, +60 min sampling time, to d. DST gl:)eup ]tj'y tlm‘; .
Group: Male managers Setting: complete sampling Cortisol data: Log mnteraction etiee
Excl: C i dicati Ambulatory, 3 befor'e breakfagt, gnd transformed d There were no
);}01 : od'li;)r:e mlgAlca oD, | consecutive refrain from drinking Samples >3SD from §1gmﬁcant dlfferer}ces
asthma, diabef CS:k ) workdays+1 non- coffeg or tea'and mean were excluded in suppressed cortisol
iVuIS)e, E]I;/g;(i(i)c oglr/m , workday Erl;shmg the;r teeth from analyses le\:iels 1lv)etween BO
> efore samplin and reference groups
endocrine abnormalities Dexamethasone: e Values of 2 workdays (main effect ogioﬁp
P rate: 338/450 (75%) gvse r“‘i‘fg‘); Sz‘z‘;gdh were pooled for analysis by time interaction)
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coffee/alcohol/food intake per

complaints and non-

Mommersteeg | BO Design: C-C Days: 2 Salivette, cotton role Measurement(s): Repeated ANOVA with a2. BO group had Hypoactivity of the HPA
2006 [68] MBI (UBOS) No.: 43 (22+21) Samples per day: 7 (Sarstedt) a2. Awakening interactions tested significantly lower axis suggests that BO
Groups: BO: Bumouton | M/W: 14/29 Times for Time-resolved response: awake, +15, Spearman rank correlations cortisol llevels after may be gssoc@ted with
sick leave, C=age-and | Age: BO, mean 43 years; C, | sampling: immunoassay with 30 min Outliers (z-scores >3SD) were awakemPg FCAR) exhaustion/ fatigue rather
sex-matched mean 50 ’years "7 | Awakening, +15, | fluorescence detection | a5. Day curve: 12:00h, | excluded from analyses a5. No significant than with depressive
relatives/acquaintances of Excl: Outliers (z-scores 30 min Collection time was 18:00h,22:00 h differencgs in cortisol | mood
researchers >3S]5' BO. corticosteroid | Day curve: 12:00h, registered in paper diary | bl. Awakening samples: levels during the day
medication 18:00 h, 22:00 h Smoking, use of oral interaction (group by bl. No significant
contraceptives, time) difference in cortisol
Prate: - prescribed medication b3. Day curve: rise aﬁer_ awakening
were registered interaction (group by (interaction group x
time) time)
¢l AUC neneae, groma b3. No significant
Cortisol data: ) difference decline
) during day (interaction
Samples used: All group  time)
samples cl. No consistent
pattern of correlations
Mommersteeg | BO Design: C-S Days: 3 Salivette, cotton roll, Measurement(s): Repeated ANOVA a2. No significant Absence of difference in
2006 [69] MBI-GS No.: 94 (56+38) Samples per day: 3 (Sarstedt) a2. Mean awakening (interaction group by time diff@rences in morning cortisol'le‘vels between
M/W: 44/50 Times for Chemiluminescence response: awake, +15, | tested) cortisol levels between | groups is in accordance
Ace: .BO 43.0 years (SD sampling: assay (LIA) +30 min groups with previous study from
0.3).C. 448 yoars (SD 8.6) | Awakening, +15, bl. Awake, 15,430 bl. Nosignificant | the same group
=) Oy | 430 min min (interaction effects differences in momning
Group/ s?bgg(g)lps: Bok Seting: tested) cortisol increase
atients (n=>56) on sick- . .
Feave, and at initial stage of | Ambulatory, d. Awake, +15, +30 min (gsrl(())sss) between
treatment. Selection was weekdays aﬁcr'DST » . .
based on cut-off scores Dexamethasone: Cortisol data: Positively d. No difference in
indicating clinical burnout; | 0.5 mg on the skewed data were log ‘.:OmSOI l'CVCIS or
controls (n=38), - second evening transformed EISIIC; e:;iénwizgfd
Excl: BO, symptom check Samples used: All grogps
list scores (SCL90) within samples
psychopathological range,
asthma, RA, diabetes, and
antidepressant medication;
C,-
P rate: -
Mommersteeg | BO Design: C-C Days: 3 Cotton role (Sarstedt) Measurement(s): Cortisol data that deviated a2, a5. No significant | There are no clear
2006 [70] MBI-GS No.: 109 (74+35) Samples per day: Immunoassay a2. Awakening >3SD of the mean were diffe;rence in morning disturbapcesl in HBA axis
M/W: 7831 Day 1+2: 6 samples | (DELFIA) response: awake, +15, | excluded from further analyses | cortisol levels, or functioning in clinically
Ace: 'BO 43.9 years (SD Day 3: 3 samples Instructed not to brush +30 min Pre-dexamethasone samples cortisol levels during dlagnqseld BO patients
8 %: C 4;1 9 les (SD Times for teeth, cat or drink coffee | 35 Day curve: 12:00h, | (day 1+2) were pooled, mean the day, between and Wlth.m 'the BO group
1'0 5’) Iy sampling: Awake, | or alcohol 30 min before 18:00 h,22:30 h data used for further analyses | 8r0Ups no assoctation between
Gr'ou Jsuberouns: BO +15, +30 min sampling. Sampling time | bl. Awakening Repeated ANOVA b1, b3. No significant grlledcaonmsoofltl})lme ia!nldl?éz:(s)rs
- p‘ Sroups: D -12:00h | reported by participants | response: interaction (interactions group by time difference in cortisol Y .
(n=74); C, age- and gender- | Ly curve: 1= . : . . rise after awakenin: of severity of complaints
(before lunch), in paper diary group by time tested) correlations e atter cning, )
matched controls (spouses i or cortisol decline Saliva samples or low-
and coworkers of 18:00 h (before b3. Day curve: No effects on results of .
. . . . . during the day, dose DST may not be
researchers) dinner), 22:30 h interaction group by gender, age, BMI, smoking, -
. X X between groups sensitive enough to
Excl: - Setting: time oral contraceptive use, sick Th roveal subtle
. Ambulatory, cl. Awakening leave, work status, seasonal cL.T ﬁcrc were 110 | dysregulations in the
P rate: - weekdays response: AUC g, effect, activity and perceived | Significant correlations HPA axis
Dexamethasone: AUCy e stress during the day, between level of
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respectively) and
evening value
Cortisol data: log
transformed

negative association
between
awake/evening and
cortisol, and between
30 min/evening

0.5 mg by mouth at d. Awakening samples | measurement, time of suppressed or
22:30 h on second after dexamethasone: awakening and sampling time, | suppressed morning
evening mean levels and flat CAR, sleep, and in BO AUC groung OF
interaction group by group: complaint duration, AUCjprease in either the
time sick leave, history of work- BO or the control
Cortisol data: related problems group
d. No significant
differences in
suppressed cortisol
levels, or in cortisol
increase after
awakening between
groups
Mommersteeg | BO Design: L Days: 3 days at 3 Luminescence Measurement(s): Multilevel regression analyses | bl. CAR was Results imply that
2006 [77] MBI-GS No.: 74 time points immunoassay (LIA) bl. Awake, +15,30 min | Covariates sampling time, positively associated | variability of cortisol
Exhaustion subscale M/W: 5321 Samples/day: Instructed not to brush | b3. 114:00h, 18:00h, | food/coffee/nicotine activity | With exhaustionat | within persons is larger
Age: 43.9 years (SD8.7) Day 1+2: 6 samples | teeth, eat, drink coffee or | 22:30 h level 30 min before sampling | baseline than variability between
8637y . ’ Day 3: 3 samples | alcohol 30 min before Cortisol data: square sleep, perceived stress, b3. No association persons
Group: BO patients from | . e sampling root and log transformed | medication, smoking, sick between exhaustion at
outpatient clinic sampling: Awake, values leave/work complaints, age, | baseline and cortisol
Excl: Cortisol data that +15, +30 min, Samples used: all gender. BMI, education day curve
deviated >3SD overmean | 12:00 b, 18:00 h, samples from all three d. There were no
were excluded from 22:30h measurement points significant associations
analyses. The lopgltudmal Setting: ) . between exhaustion at
part was not designed asan | = Cortisol data vhich baseline and cortisol
. . mbulatory, deviated >3SD
RCT intervention study eviate over after dexamethasone
weekdays mean were excluded intake
Sampling at 3 time from analyses
points: Before
treatment
(baseline), 8.5
months later and at
follow-up 6.3
months post-
treatment
Dexamethasone:
0.5mgat22:30h
on second evening
Sjogren 2006 | VE Design: C-S Days: 3 Salivette Measurement(s): Partial correlation analyses al, a4. No significant | Scale scores of VE are
[75] MQ No.: 257 Samples per day: 3 | Time-resolved al. Awakening Cortisol values 28D from the | correlation between | related to flat diurnal
M/W: 129/128 Times for fluorescence detection | a2. +30 min after arithmetic mean were aquemng or evening | cortisol thythm
Age: 30-64 years sampling: Instructed to fill in exact | @Wakening excluded cortisol a"ld VE
: Awakening, +30 time of sampling. ad. Before going to bed | Mean values of each sampling | 32- Negative
Group: Random sample . . . lation b
» min, before going | Instructions on fasting |y, akeni time over 3 days was correlation between
population based > 1. Awakening response isol in aft
. | tobed (first two samples before | (awakening +30 min) | calculated. Confounders: age cortisol .30 min atter
P rate: 61% response rate in Setting: breakfast) b3, Diurnal deviation gender, awakening time, awakening and VE
population-based health Ambulatory, ) . . | regular medication, smoking, | bl. No significant
survey. Random sample of > calculated as arithmetic lcohol entered iations betw
€Y. R 1sar workdays diff betw alcohol enter associations between
400 individuals invited. erence between CAR and VE
64.5% responded (257/400) morning samples R
(awakening and 30 min, b3. Significant




Mental Health and Salivary Cortisol

The Role of Saliva Cortisol Measurement in Health and Disease 157

Samples used: All
samples

cortisol, respectively,
and VE

P rate: 209/293 (71%)
screened, 42/47 selected
met inclusion criteria

participants with negative
morning cortisol awakening
response, and without
participants with comorbid
psycho-pathology

increase.

d. Significant negative
association between
aggregated ESM
scores and suppressed
cortisol increase after
awakening, but no
association between
MBI-exhaustion score
or ESM same moment
assessments, and DST
suppressed cortisol
increase after
awakening

No significant
association between
MBI-exhaustion score,
aggregated or same-

Wirtz 2007 VE Design: C-S Days: 1+1 Salivette, cotton rolls Measurement(s): Linear regression c4. No significant Main aim to investigate
[76] MEQ-S No.: 50 Samples per day: (Sarstedt) c4. AUCprease IN All regression parameters association between associa‘tiop between
M/W: 50/0 8+9 Chemiluminescence response to TSST were z-transformed before VE and AUCyerase perfectionism and
Age: 42.5 years (SEM 2.0) | Times for immunoassay (LIA) Cortisol data: z- analyses (cortisol increase in | cortisol
GTOI:I . l‘-lealth me djcation- sampling: Participants abstained transformed Covariates: age, BMI, MAP response to TSST)
freo np;‘en y 1. TSST: from food and drink for | Samples used: TSST
. immediately before | 2 h before the samples
Excl: Acute somatic or stress test, and 0, | experiment and exercise,
psychiatric disorders, heavy | 10, 20,30,40,50, | alcohol and caffeinated
exercise, smoking, CVD, | 60 min after beverages the evening
RA, allergies, atopic, completion of before the stress test
current infectious disease, | TSST
ir;]c;]zzz:;i()l;lood-sugar o | 2. Circadian profile:
awake, +15, 30, 40,
60 min, 08:00 h,
11:00 h, 16:00 h,
20:00 h
Setting: Laboratory,
Ambulatory, TSST-
start between 14:00
hand 16:00 h
Sonnenschein | BO Design: C-S Days: 3 Cotton roll, Salivette Measurement(s): Multilevel regression analyses | bl. No significant Findings of no
2007 [78] MBIl-exhaustion subscale | No.: 42 Samples per day: 3 (Sarstedt) bl. Awakening (Ainteraction tested symptoms X | association be@veen association b@tween
ESM exhaustion subscale | M/W: 18/24 Times for Chemiluminescence response: level and time) MBI-exhaustion or general severity of
(agaregated and same- Age: 427 years (SD83) sampling: assay (LIA) increase ESM scores: same moment aggreg:;tﬁd 2-week exhaustlop assessed with
moment measures, - . " | Awakening, +15, | 1-h instruction to explain | - and aggregated 2 week scores, | ESM-exhaustion | retrospective
. Group: BO patients on sick - P . . respectivel scores and awakening | questionnaires and
respectively) . . +30 min use of electronic diary Cortisol data: - P Y . . .
leave, with complaints >6 Setting: and saliva sampling Samples used: All Confounding/entered cort!sol !evel or cortisol confirms prior
monfhs . o Ambullatory, Instructed not to brush | samples ‘ covariates: time of awakening, :&I‘;Egl increase affer ;eszzacri;l:i.o;l(];\:z;/:;l
E?‘Cl~ Primary psychiatric weekdays teeth, eat, or drink coffee BMI, depressive mood, sleep o . same-moment eencral
disorder, use of i or aleohol from quality, age, smoking, gender, | Significant negative - g
antidepressants or Dexamethasone: . - ; i association between | Severity of symptoms
depre h. at | awakening until last oral contraceptive use, sick .
anxiolytics, pregnant 0.5 mg by mouth, at ) leave same-moment ESM | and cortisol !evels was
women 22:30 h on second sample Analvses were rerun without | $°0TES and awakening observed. Difference in
evening yses Wi wihout | rtisol level and findings suggests that

ESM same-moment
assessments are a more
reliable way of assessing
symptom severity.

The presumption that
BO symptoms and
endocrine values
fluctuate in individuals
across days was
confirmed
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moment ESM scores
and awakening
cortisol levels
Bellingrath BO Design: C-S Days: 4 Native saliva in 2 mL Measurement(s): GLM a5. No significant Results suggest that
2008 [60] MBI TBS No.: 135 Samples per day: 7 | reaction tubes (Sarstedt) | a5. Cortisol day profile: | Effects of age, BMI, waist/hip | 3ssociation between | subtle dysregulation can
VE M/W: 40/95 Times for Time-resolved all samples ratio, sleep quality, awakening | MBI exhaustion be found in schpol
MQ Age: 46.1 years (SD 9.2) sampling: fluorescence d. All samples time, gender and smoking on | Subscale, or VE teachers with high levels
1 46. . Awakening, 30, | immunoassay (DELFIA) | Cortisol data: Log cortisol were tested: gender | Scores, and cortisol of BO and VE, but only
Group: Employed teachers 45,60 min, 11:00 h, | Participants were transformed and smoking status yielded day profile after application of DST
Excl: Psychiatric disorder, | | 5;00 h, 20,:00 h ’ informed in one-to-one | Samples used: Non- significant effects and were d. Higher MBI-EE High BO/VE, with
diabetes, pregnancy, Settine: interviews about i 'ﬁl entered in analyses, as well as | subscale and VE chronically increased
corticosteroid or & i compliant profiles were HADS (in the final analysis) | scores were associated | cortisol levels or repeated
. i Ambulatory, 2 importance of accurate | excluded from analyses ¥ . . P
psychotropic medication, work davs + 1 timing of sampling + that with lower suppressed | cortisol peaks, may have
non-compliance with leisure dZ\y +1day | sampling time would be cortisol levels. When | increased sensitivity of
sampling after DST electronically monitored. HADS depresstiond the GlRa;d\A;hich in tum "
. o . scores were entere may lead to an especial
fe?:ﬁiel; sgzglgﬁt/; )Were Dexamethasone: Participants fecor ded . simultaneously, no sen}s/itive regulati(l))n of Y
exact sampling times in . L .
screened, 135 different 025 mg by mouth ancr dia ping significant associations | the negative feedback
participants contributed to at23:00 hon3rd | PeP Y remained loop
cortisol data in analyses evening Instructed not to erSh
teeth before morning
sampling was
completed, not to smoke,
eat, or drink beverages
(alcohol, caffeine or fruit
juice) for 60 min before
sampling
Osterberg BO Design: C-C Days: 1 Salivette (Sarstedt) Measurement(s): Univariate ANOVA al, a2. No significant | Main aim was to
2009 [71] MBI-GS No.: 220 (46+174) Samples per day: 3 | BO: cotton swabs; C, | 3l Awake Confounding: differences at _ | investigate cognitive
M/W: 714168 Times for polyester swabs 22. +30 min after awakening or +30 min pcfrformar?ce in patients
L . kenin between groups with BO, in relation to
Age:BO, 482 years (SD | sampling: RIA (Spectria) awaiening o flexibility of the HPA
9.5),C, 47.5 years (SD Awakening, +30 | nstructed to keep swabs | a4:21:00h ad. Significantly lower axis
10.2) min, 21:00 h in mouth until fully bl. Difference cortisol ;:’glg e (;imSOI values Su ] eted that
Group/subgroups: BO Setting: hydrated, avoid smoking | awakening to +30 min, & p . o ffeming lov:fer cortisol
patients (n=65) on recent Ambulatory and eating heavy meals | (absolute and b} , b3. No significant in evening in BO
sick leave with work strain 60 min before sampling, | proportional change) difference between aticnts f} ost of whom
as probable cause; C, andnot to brush teeth or | 3. Diurnal deviation: groups Svere on sick leave to
external reference group cat until atermoming | Decrease in cortsol some extent, may reflect
(n=174): blue- and white- sampling concentration from being more relaxed in the
collar workers in different cortisol morning peak evening due to lower
professions, with similar (highest concentration demands
age, and gender distribution found in either of the
Excl: BO, non-work related two samples) and the
exhaustion or other disease; 21:00 h evening sample
C,- Cortisol: Log
P rate: BO, 101/729 (14%) transformed
screened, 68 eligible, 65 Samples used: All
agreed to participate; C, - samples
Wingenfeld VE Design: C-S Days: 1 Salivette (Sarstedt) Measurement(s): Pearson’s correlation a2, a3, a4. There was | VE was not associated
2009[72] MQ No.:279 (181+77+18+3) | Samples per day: 4 | Immunoassay with a2.07:00h Repeated ANOVA or no significant with altered cortisol
M/W: 654214 Times for chemiluminescence a3.11:30h,17:30 h ANCOVA correlation observed | secretion
Age: 37.5 years (SD 10.9) | sampling: 07:00 h, detection (IBL, a4.20:00 h Three VE subgroups created betrri/eeln VEand
11:30h, 1730, | Hamburg) 5. Mean all f Potenti .| comuse
Group: Nurses 20 g a5. Mean all four otential confounders tested: a5. Ther N
20:00 h Instructed not to brush gender, smoking, use of oral - Hherewereno
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Subgroups compared:
2a. No VE (n=46)

2b. Moderate VE (n=122)
2c¢. Severe VE (n=109)
Excl: -

P rate: -

Setting:
Ambulatory,
working day

teeth, eat or drink other
than water, or smoke, 30
min before sampling

samples

b3. Deviation all four
samples

Cortisol data: Log
transformed

Samples used: All four
samples

contraceptives, age. Covariates
and between-subject factors
entered: age, smoking,
depression score, vital
exhaustion

significant differences
in cortisol levels over
the day between VE-
subgroups

b3. No significant time
by group interaction
effect observed, for
VE
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DISCUSSION

The aim of the present chapter was to analyze associations between several measures of mental health
related to chronic stress and cortisol in saliva. Relatively few papers met the final inclusion criteria. Many
papers have studied the relationship between depression and salivary cortisol, but the studies often includes
patients with other somatic or mental diseases, making it difficult to conclude whether a true association
exists, not related to other diseases.

MDD and Depressive Mood

For depression, when looking at the overall picture, there seems to be some consistency that salivary
cortisol is increased in clinical populations of patients with MDD, particularly in the single morning and
evening measures. The results from the laboratory stress studies also suggest that MDD is related to poorer
ability to respond with cortisol to acute stress. Measures of salivary cortisol after dexamethasone
administration demonstrated that patients with MDD showed less suppression, usually calculated as the
number of non-suppressors with a larger proportion among the patients.

No time point, however, among the single measures showed full consistency regarding salivary cortisol levels
in patients with MDD. In an attempt to explain the discrepancy between different studies, 4 main explanations
are given: the type of the depression, the power of the study in terms of participants, the reliability of cortisol
measures in terms of one or more days of sampling, and confounding factors, mainly medication.

Discussions about the type of depression seem to mainly involve melancholic or non-melancholic
depression. Seven out of 21 papers studying MDD did not find any significant differences between patients
and controls for measures of salivary cortisol [16, 19-21, 23, 25, 30]. The authors of 3 of these studies
mentioned that one possible explanation could be that the HPA axis abnormalities are usually found in
either melancholic or psychotic depression [19, 23, 25], but Copolov and coworkers did not find any
differences between non-melancholic and melancholic patients regarding salivary cortisol levels [13].
Unfortunately, most of the papers do not specify the type of depression and thus it is difficult to speculate
to what extent this explains the discrepancy between the studies. One study showed changes in the opposite
direction and the authors suggest that this could be because the patients were a healthier population of
individuals recruited from a general population through advertising [28] compared with other studies in
which e.g. inpatients with MDD were included.

The power of the studies in terms of small sample size may be another important explanation for several non-
significant findings [16]. The sample sizes in studies not showing significant differences between patients and
controls are, in general, small, ranging from 14 to 44 patients. However, among those studies in which
significant differences between the groups were found, small samples sizes were also found. Small sample size
could in many cases, depending on the type of depression, increase the difficulty in identifying difference
between patients and controls. However, power is also dependent on the reliability of the measures taken.
Among the present studies, the number of days for ambulatory sampling was lower (median 2 measures) for
studies without significant results compared with those with significant findings (median 3 measures). The
combination of few cases and few days of sampling may add to this loss of power.

The authors of 3 of the 7 papers not showing any difference in salivary cortisol levels between patients and
controls also suggested use of antidepressants as a possible explanation, because the HPA axis function has
been normalized using antidepressants [19, 21, 25]. The fact that 3 of the studies showing hypercortisolemia in
the patient group included patients taking antidepressants does not entirely support this notion. However, there
are too few studies to draw firm conclusions but most of the studies showing hypercortisolemia did include
antidepressant-free patients. Possibly, a combination of all these factors could explain much of the discrepancy
between studies. Among the MDD studies, 5 of those showing hypercortisolemia in patients with MDD
attempted to relate to salivary cortisol levels with scale scores in the patient group by using different
measures of self-reported depression or, in one case, symptom severity; none of these correlations were
found to be significant.
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There are fewer studies on depressive mood and salivary cortisol measures included in our analysis. Of 9
studies, measuring single values or the mean of several measures at any time point during the day, 4
showed that depression was related to increased levels, and 2 of these divided the groups into high and low
depression instead of relating to scale scores.

The results regarding depressive mood are less consistent for higher levels in singles measures and this is
confirmed when the authors studying MDD attempted to relate cortisol level to scale scores. However, with
regards to deviation measures, the results seem to be consistent with MDD; 3 of 6 studies showed flatter diurnal
deviation. The only study measuring acute response to stress confirms the data from the MDD groups showing
poorer response.

Anxiety

An overall conclusion for all single measures is that cortisol levels do not seem to be related to anxiety. In the 2
studies measuring ambulatory salivary cortisol during the morning hours, only 1 study showed a significant
relation to anxiety. This was also the only study that measured cortisol at several time points during the
morning (3 time points) at fixed hours. The fact that the study group consisted of men on military service,
where stressors are often more prominent than in ordinary life, may be more important [57].

Similarly, there were few significant findings regarding measurements of deviation, but also few studies.
Only 1 study examined anxiety in relation to CAR and this showed lower CAR among more anxious men
but not among women [45]. Diurnal deviation was studied in 4 studies. In 3 of these, significant
relationships were found, 2 of which were positive and 1 negative. These differences occurred in different
contexts; positive relations occurred among healthy and/or military men [34, 57], and negative relations
among women attending a breast clinic [38]. However, the changes where relatively small and the results
are not explained by a difference in the awakening or evening levels but rather a slight change in the diurnal
profile during mid-morning or afternoon showing either higher or lower levels in relation to anxiety.

Six of the 17 studies assessed saliva cortisol in relation to a laboratory stress test. Among these, only 1 had
a significant effect on baseline levels, i.e., standardized rest before stress.

Three of 7 studies found significant results but in opposite directions. Thus, 2 showed a positive
relationship (male students and healthy elderly men and women) and 1 showed a negative relationship
(female students during the luteal phase). In addition, 1 out of 3 studies measuring AUC in response to
stressors showed significant findings; with lower salivary cortisol among male students with high anxiety.

In 6 of 9 studies showing a significant relationship between anxiety level and salivary cortisol, regardless of the
measure of cortisol, the groups were split into high and low anxiety [38, 50, 53, 57-59], either by median split
(3 studies), using a cut-off (1 study) or by only including extreme groups, e.g., subject with high or low anxiety
(2 studies). All except 1 of the studies not showing any significant relation with anxiety treated the anxiety
measure as a continuous variable using scales scores. This is in parallel with the conclusion drawn from the
depression section that differences are more likely to be detected when the subjects are stratified into groups
with higher contrasts. An additional explanation for non-significant findings could be low power and few
sample days, because many studies included 1 day sampling. In conclusion, very few significant findings were
found for single measurements. Using deviation measures, although there were only a few studies, most
showed a significant relationship between anxiety and salivary cortisol, but in opposite directions. The observed
divergence of results may be dependent on contextual factors, ie., the amount of external stressors and
population characteristics. Thus, our paper may extend the previous conclusion made by Chida et al. that the
HPA axis does not seem to be strongly affected by anxiety levels [2, 4].

Burnout

The overall conclusion regarding BO is that most of the statistical analyses (59 analyses in 13 papers),
irrespective of the character of the analysis, do not show any significant relationship between BO and
measures of cortisol in saliva. However, most of the studies (9 out of 13) found a significant relationship
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between BO and at least one of the cortisol measures. Only four studies did not show any relationship with
BO [63, 67, 69, 77]. Consequently, most of the authors rightfully concluded that BO is associated with
dysregulation in HPA axis functioning. Clearly, however, when analyzing the findings, there seems to be a
large discrepancy between different studies regarding the measures used and there is no salivary cortisol
measure that clearly demonstrates the character of this supposed HPA axis dysregulation.

Full consistency in terms of non-significant findings is seen for the single midday measures, for all
deviation measures from ambulatory saliva sampling, the morning deviation measures (9 studies), and for
diurnal deviation measures (6 studies).

No clear picture regarding methodological issues can be seen, that could explain the discrepancy between
different studies. There are probably several contributing factors, including the groups studied and the possible
influence of comorbid conditions such as depression and in some cases PTSD that could explain some
discrepancy between the studies. Differences related to the BO measure used are another possible explanation. It
is clear that the BO concept is defined differently depending on which BO measure is being used [7].
Scrutinizing all single measures of cortisol among the papers studying BO, it seems that the type of BO measure
could partly explain the discrepancy among the papers showing significant relationships. When significant,
studies using the SMBQ showed a positive relationship with cortisol [8, 62]; there were divergent findings
among the papers using MBI, as those papers showed both positive and negative associations [64-66, 68, 71, 72].

Unfortunately, many papers include too little or different information about the subjects, comorbidity,
medications, adjustments, etc., making it difficult to use the information in the articles to explain the
results. Thus, we confirm the conclusion by Kudielka and coworkers that the inconsistency between studies
on BO cannot be easily explained [11].

Vital Exhaustion

The pattern for VE is somewhat different from BO, as significant relationships were found for several deviation
measures that were not seen for BO. Thus, 2 of 3 studies relating VE using MQ to diurnal variation showed
significant relationships, both in the same direction, towards a flatter curve among VE subjects. The major
difference between these 2 studies and the study not showing any relationship seems to be the subjects
included. The studies showing a flatter day curve included subjects originally selected from a population
sample; the study not showing a significant relationship included nurses with high levels of BO. The BO
measures in that study were significantly related to increased levels of salivary cortisol, but no relation was seen
with VE. Thus, there seems to be some differences between the VE measures and the BO measures regarding
the relationship with changes in the HPA axis but this is also highly dependent on which subjects are included
in the studies. In all 3 studies measuring VE with MBI-EE, BO was also present, and in 2 of these studies, the
inclusion criterion was BO. Consequently, in these studies it is difficult to separate BO from VE, and it also
shows that these measures are highly correlated. When significant, the DST suppression test shows consistent
results, all pointing towards higher suppression among VE subjects. The only study showing a significant
relation among the BO papers also showed higher suppression.

The findings for VE indicate that VE measured with MQ in the general population do suggests that
exhaustion could be related to a flatter day curve and poorer response to stress test. The results for cortisol
in relation to BO measured with SMBQ seem to be entirely the opposite as BO seems to be related to a
higher level of cortisol. The results from the MBI BO measure are mixed and when exhaustion is measured
with the MBI-EE subscale, BO is also present and it is thus difficult to conclude whether VE is related to
cortisol independent from BO. From these results, BO and VE seem to some extent to be different entities,
and the 2 BO measures also seem to be different entities. Even more interesting, 2 of the BO also seem to
be different entities, strengtening what has been previously suggested [7].

CONCLUSIONS

The relationship between cortisol measures in saliva and mental health, and consistency of the results,
varies depending on the mental health measure. However, for all measures studied, one important notion is
that the final number of studies included is relatively few and the power of studies is, in general, small.
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For MDD, there seems to be some consistency for higher mean cortisol levels, poorer response to stress,
and loss of feedback. In most of the studies, single measures of salivary cortisol were increased in clinical
populations of patients with MDD, particularly in the morning and evening measures. The pattern of
response to stress in ambulatory settings and in laboratory stress testing does suggest that MDD is related to
a poorer ability to respond with cortisol to acute stress. However, this is seen in terms of a flatter diurnal
deviation and in poorer laboratory stress reactivity, but not in terms of CAR. Responses to dexamethasone
administration showed less suppression among MDD patients. The results regarding depressive mood are
less consistent for higher levels in singles measures and this is confirmed when the authors studying MDD
attempted to relate cortisol level to scale scores. However, with regards to deviation measures, the results
seem to be consistent with MDD; 3 of 6 studies showed flatter diurnal deviation. The only study measuring
acute response to stress confirms the data from the MDD groups showing poorer response.

In contrast, the anxiety results show poorer consistency and few studies are included. For single
measurements, very few significant results were found; for deviation measures, the results were divergent.
Thus, our paper may extend the previous conclusion made by Chida ef al. that the HPA axis is not strongly
affected by anxiety levels [2, 4].

Similarly, the overall conclusion regarding BO is that most statistical analyses, irrespective of the character
of the analysis, do not show any significant relationship between BO and cortisol measures, and when these
are seen, the results are inconclusive. The two BO measures seem to be partly responsible for this and there
is a better consistency within the studies using SMBQ compared with those using MBI. One possible
explanation is that the BO concept is defined differently depending on the measures being used [7].

For VE measured using MQ, the pattern of results seems to be different, suggesting that this measure of
exhaustion, particularly in the general population, is related to a poorer cortisol response to stress, which is
only seen for diurnal deviation and laboratory stress testing but not for CAR. The coexistence of BO and
VE in many studies makes it difficult to conclude how the different concepts are related to cortisol.
However, an interesting difference appeared between MDD and VE in response to dexamethasone
administration. MDD patients tended to show lower suppression and VE patients higher suppression, which
suggests a difference in the biological (HPA axis) underpinning of these conditions.

A general impression is that the large proportion of non-significant findings is a function of low power;
because of small study samples, few sampling days resulting in low reliability of saliva measures, but also
less sensitive measures in terms of low contrast between study groups and within study populations. All
mental health measures included in this chapter can be considered to be a chronic state of symptoms or
illness, related to long term exposure of psychosocial stress. A cautious conclusion is that this seems be
related to poorer cortisol response to stress and a flatter deviation day curve, but more studies are needed
with larger power to confirm this as many studies also show non-significant findings. An overall conclusion
is also that for several mental health outcomes, deviations measures are more valid than single time point
measures
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Abstract: Stress is a well-known predictor of somatic disease. Although most clearly demonstrated for
Coronary Heart Disease (CHD), stress has also been shown to be involved in several other somatic
diseases e.g. rheumatoid arthritis, cancer and for pain syndromes. The psychoneuroendocrine
mechanisms of these effects have been examined in terms of cortisol levels and cortisol dynamics. The
aim of this chapter is to investigate if there are associations between salivary cortisol and somatic
disease in terms of cardiovascular disease (CVD), rheumatoid arthritis, cancer and pain, and whether
divergent results can be explained by differences in the theoretic assumptions made and methods used.
A literature research identified eight articles on CVD, four articles on cancer (all breast cancer), three
papers on rheumatoid arthritis and 15 papers on the term pain. CVD, CHD and atherosclerosis were
associated with low morning cortisol levels, high evening cortisol levels and a flat diurnal curve.
Among patients with metastatic breast cancer, high evening levels and low diurnal deviation
characterized patients compared with healthy controls, and low diurnal deviation predicted poorer
survival. No relationships with salivary cortisol were found early in the breast cancer disease process.
Patients with rheumatoid arthritis, especially with high disease activity, had higher evening levels and a
poorer reactivity for laboratory stress. In most studies on pain, low morning cortisol, high evening
cortisol, low cortisol awakening response and low diurnal deviation were associated with more pain.
Fibromyalgia and pelvic pain among men were an exception. We found few studies where the
relationship between salivary cortisol and somatic disease/illness was analyzed. However, among these,
a relatively large proportion showed significant findings. The results suggest that, across outcomes, low
morning cortisol levels, high evening cortisol levels and a low dynamic cortisol response to stress are
related to poorer somatic outcome.

Keywords: Salivary cortisol, cardiovascular disorders, breast cancer, rheumatoid arthritis, pain, single time
point measures, deviations measures, area under the curve, laboratory test, dexamethasone.

INTRODUCTION

Psychosocial stress is a well-known determinant for several somatic outcomes [1]. This has especially been
demonstrated for CHD, where both the incidence of disease and the risk of recurrent disease have been
shown to be related to psychosocial factors and stress [1-3].

However, this has also been demonstrated for other somatic diseases e.g., cancer [1, 4, 5], theumatoid arthritis
[1, 6, 7] and pain disorders [8, 9]. Generally, stressful events are thought to influence the pathogenesis of
disease by causing negative affective states (e.g., feelings of anxiety and depression), which, in turn, exert direct
effects on biological processes or behavioral processes that influence disease risk [1].

One of the endocrine systems that is particularly reactive to psychological stress is the Hypothalamus-
Pituitary-Adrenal (HPA) axis. Cortisol as the primary effector of HPA activation regulates a broad range of
physiologic processes including anti-inflammatory responses. Although this stress hormone is important for
survival, a disrupted balance of response may lead to higher vulnerability to disease [10] and have the
potential to influence a variety of diseases including CHD, autoimmune diseases and cancer [1].
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Alternations in cortisol dynamics have been associated with tumor growth [5] and rheumatic disease [6-8]
and have also been shown to affect the prognosis of treatment among cancer patients [4] and patients with
pain [8, 9].

In several of the somatic diseases mentioned earlier, cortisol assessments have been performed to try to
establish possible mechanisms for the observed relations to stressors. However, as for other measures in
this book, the results have been conflicting, and both high and low cortisol have been found in relation to
different somatic outcomes, if any relationship exists at all. One possible explanation for these
inconsistencies in results is the differences in hypotheses and basic assumptions behind different studies.
Such differences can be seen in terms of whether researchers look for high overall cortisol output or
dynamic responses to acute stress.

AIM

To investigate if there are associations between salivary cortisol and somatic disease, more specifically in
relation to measures of CVD, cancer, rheumatoid and pain morbidity, and whether divergent results can be
explained by differences in the theoretic assumptions made and methods used.

METHOD
Search Strategies

A literature search was conducted using the PubMed database for articles published before October 1%,
2009. The search was limited to human studies on adults more than 19 years of age in the English language.
The search terms were truncated saliva* AND cortisol AND somatic disease/diagnosis for the following
diagnoses: CVD, Coronary Artery Disease (CAD), CHD, Acute Coronary Syndrome (ACS),
atherosclerosis and stroke. The search for cancer included breast cancer, prostate cancer, intestinal and
cervical cancer. The search for inflammatory disease was done for RA and rheumatoid arthritis. A search
was also done for the term pain.

The search result was skimmed for relevant articles by reading the title and abstract from each hit. Articles
that met the inclusion criteria with measures of salivary cortisol related to the measures of somatic disease
or pain were then selected for inclusion in the literature review. These articles were then read in detail.

RESULTS

The number of hits and final number of papers used in the review were: for cardiovascular disease; CAD
(15 and 5), CHD (15 and 5), ACS (3 and 2), CVD (86 and 8); atherosclerosis (12 and 4), and stroke (10 and
1). Several of these findings were the same studies and the final number of articles on CVD was 8. For
cancer diagnoses, the number of hits and final number of papers were: breast cancer (32 and 4), prostate
cancer (3 and 0), intestinal cancer (3 and 0), and cervical cancer (1 and 0); in summary 4 studies met the
inclusion criteria. For rheumatoid arthritis, 3 papers met the inclusion criteria, selected from the following
search results: RA (9 and 2) and rheumatoid arthritis (8 and 3). The search term pain resulted in 76 hits and
14 papers. A total of 29 articles met the inclusion criteria and were hence included in the literature review.

CVD

A total of 8 papers were found [11-18]. Four of these studies used measures of atherosclerosis as outcomes,
i.e., Intima Media Thickness (IMT) [11, 13], coronary calcification [14] and plaques in arteria carotis [18];
the other four used measures of symptomatic CVD, CAD or ACS [12, 15-17]. A brief summary of the
results (indicated as a positive association, a negative association or a nonsignificant finding) is presented
in Table 1a and the details are given in Table 2a.

Four of 14 results on cortisol measurements from single time points showed significant findings: none at
awakening, 1 of 4 morning levels and 1 of 2 midday levels (both a negative relationship) and 2 of 4 evening
levels (both showing positive relationships). Hurwitz Eller ez al. [11] reported, in cross-sectional analyses,
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lower morning levels among women (not men) with higher Intima Media Thickness (IMT) and Rosmond et
al. [12] reported lower mean cortisol at 12:00 h to characterize a pattern predicting CVD, diabetes and
hypertension over 5 years. Nijm et al. [15] found high evening levels among CAD patients, compared to
healthy controls, and Dekker et al. [18] found that high levels at 17:00 h predicted more plaques.

Among deviation measures, 8 of 13 results showed significant findings. Six CAR results were reported
from four studies and three of these showed significant findings. Two studies came from the same
population from which Hurwitz Eller et al. reported significant relationships to IMT (for women only); a
negative relationship in cross-sectional analysis [11] and a positive relationship in a prospective analysis
[13]. Bhattachyyra et al. [17] reported higher CAR among CAD patients compared with patients
investigated for suspected CAC without CAD; Matthews et al. [14] found no relationship between CAR
and different severity of ACS among patients within 5 days of admission.

Five studies reported 6 measures on deviations throughout the day and 4 of these showed significant
findings. In a prospective study Rosmond et al. [12] reported a significant relationship for low cortisol
deviation at midday and higher CVD incidence over 5 years. Matthews et al. [14] reported that a flatter
diurnal decline was related to a higher risk of coronary calcification and Nijm et al. [15] reported a flatter
diurnal decline among CAD patients compared with controls. Bhattachyyra et al. [17] reported that, with no
significant relationship between diurnal deviation and the presence of CAD, CAD patients with depression
had a flatter diurnal decline compared with those without depression. As for measures of CAR, Whitehead
et al. [16] found no significant relationship between diurnal deviation and severity of ACS.

Only one study reported results from laboratory stress test reactivity: Nijm et al. [15] reported a
significantly poorer response to the stress test among CAD patients compared with controls. Two studies
examined the Area Under the Curve (AUC). Matthews et al. [14] found no significant relationship between
AUC and coronary calcification. Dekker ef al. [18] demonstrated that a higher area under the daytime curve
(AUC) was related to more carotid plaques.

These findings can be summarized as follows: CVD seems to be associated with low morning cortisol
levels, high evening cortisol levels and lower deviation throughout the day.

Table 1a: Summary of the main findings of associations between salivary cortisol parameters and CVD, sorted by year
of publication

References | Year | Outcome | Design | No. M/W Single time points | Deviation AUC Supplementary
cortisol (or sum/mean of (difference/slope test
two or more time between two or
points) more time points)
al |a2 [a3|a4|a5|bl |b2|b3 |b4 cl c2 c3 c4 d
Hurw Eller [ 2001 | IMT C-S 121 37/84 |0 [0/] 0/]
[11]
Rosmond |2003 [ CVD Prosp | 141 141/0 | l
[12]
Eller [13] |2005 | IMP-p Prosp |95 32/63 |0 0/
Matthews |2006 | Cor Ca Prosp | 718 305/41310 [0 |0 |O 1 0
[14]
Nijm [15] |2007 | CAD CC/CS | 60 50/10 T Ll
Whitehead | 2007 | ACS CS 72 66/6 0 0
[16]
Bhattachar. | 2008 | CAD +/- | CS 84 58/26 1 0
[17] depression *
Dekker 2008 | Plaque CS 1866 |~50% |0 |0 |0 |7 I
[18]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; b1, morning; b2, midday; b3, morning to
evening; b4, laboratory test reactivity/recovery; cl, morning increase/ground; c2, midday increase/ground; c3, morning
to evening increase/ground; c4, laboratory test increase/ground; d, DST, dexamethasone suppression test; CC, case-
control; CS, cross-sectional; Prosp, prospective.

*Significant lower diurnal deviation among CAD patients with depression compared to CHD patients without.
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Breast Cancer

Four studies were identified [19-22] (see Table 1b and Table 2b). Of these, one studied survival of patients
with metastatic breast cancer; the other three were case-control studies of breast cancer at different stages
(one metastatic cancer, one newly diagnosed breast cancer and one at stage I-1II).

Two results from single measures were reported; both were summary measures over the day; in one case a
significant positive relationship (case- control study of metastatic breast cancer) was found; the other had
nonsignificant findings (stage I-11I).

One measure of CAR was reported and showed nonsignificant findings for a relationship for patients with
newly diagnosed breast cancer.

All four studies reported results from diurnal cortisol deviations. Two of these showed significant
relationships. Both were studies of metastatic breast cancer and in terms of a flat curve: Sephton ef al. [19]
as a determinant of survival over 7 years and Abercrombie et al. [20] as the difference between patients and
healthy controls. The other two studies showed nonsignificant findings: Vedhara et al. [21] for patients
with newly diagnosed breast cancer and Carlson et al. [22] for breast cancer stage I-111.

Three studies reported results from the AUC, both with respect to increase and ground, all with
nonsignificant findings [19, 21, 22].

The findings for breast cancer can be summarized as follows: patients with metastatic cancer seem to be
characterized by high evening cortisol levels and low diurnal deviation compared with healthy controls, and
the low diurnal deviation predicted poorer survival. Among patients early in the disease process, no
relationship with salivary cortisol was found.

Table 1b: Summary of the main findings of associations between salivary cortisol parameters and breast cancer, sorted
by year of publication

References | Year | Outcome | Design | No. M/W | Single time points Deviation AUC Supplementary
cortisol (or sum/mean of two | (difference/slope test

or more time points) | between two or
more time points)

al |a2 |a3 |a4 [a5 |bl |b2 [b3 b4 cl c2 c3 c4 d
Sephton 2000 | Survival | Prosp |104 0/104 l 00
[19]
Abercombie | 2004 | BC CC/CS |48 0/48 I l
[20] metastasis
Vedhara 2006 | BC newly | CC/CS | 144 0/144 0 0 010
[21] detects
Carlsson 2007 | BC stage | CC/CS | 66 0/66 0 0 010
[22] I-1I1

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; b1, morning; b2, midday; b3, morning to evening; b4,
laboratory test reactivity/recovery; c1, morning increase/ground; c¢2, midday increase/ground; ¢3, morning to evening increase/ground,
c4, laboratory test increase/ground; d, DST, dexamethasone suppression test; BC, breast cancer; Prosp, prospective; CC, case-control;
CS, cross-sectional.

Rheumatoid Arthritis

Three studies reported salivary cortisol in relation to rheumatoid arthritis [23-25] (see Table 1¢ and Table
2¢). Two studies reported results from summary measures over the day. Dekkers et al. [23] and Catley ef al.
[24] both found significant positive relations, i.e., higher mean cortisol among patients with rheumatoid
arthritis [23, 24]. However in the study by Dekkers et al. [23] this finding occurred in patients with high
disease activity only, and not for patients with low disease activity. All three studies reported deviation
measures, but none with significant findings. Dekkers et al. [23] found no relationship with to CAR and
neither Catley et al. [24] or Eijsbouts et al. [25] found any significant relationship with diurnal deviation.
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In summary, patients with rheumatoid arthritis, especially those with high disease activity, seem to have
higher mean levels of salivary cortisol.

Table 1c: Summary of the main findings of associations between rheumatoid arthritis sorted by year of publication

References | Year | Outcome | Design | No. M/W | Single time points (or | Deviation AUC Supplementary
cortisol sum/mean of two or | (difference/slope test
more time points) between two or more
time points)
al (a2 |a3 |a4 [a5 bl |b2 |b3 |b4 cl c2 c3 c4 d
Dekker 2000 | RA CC/CS |53 14/39 1 |0
[23]
Catley 2000 | RA CC/CS | 30 1 0
[24]
Eijsbouts |2005 | RA CC/CS |70 0 0
[25]

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory test reactivity/recovery; c1, morning increase/ground; c¢2, midday increase/ground; ¢3, morning to evening increase/ground,
c4, laboratory test increase/ground; d, DST, dexamethasone suppression test; RA, rheumatoid arthritis; CC, case-control; CS, cross-
sectional.

*Valid for difference between RA patients with high activity, compared to RA patients with low activity and to healthy controls.

Pain

Fourteen papers were identified [26-39] (see Table 1d and Table 2d). They included sciatic pain, pain in
interstitial cystitis, pelvic pain, pain in fibromyalgia, chronic widespread pain, pain in the shoulder and
neck, acute and chronic lumbar pain, facial pain and experimental pain.

Eight out of 12 results (11 studies) from single time points showed significant findings.

Two studies reported awakening levels. Geiss et al. [26] reported that patients who had persistent pain after
discectomy had a lower cortisol level on awakening compared with patients with low postoperative
complaints and with healthy controls. McLean et al. [28] found that, among patients with fibromyalgia,
current pain symptoms were related to higher cortisol levels on awakening.

Four studies reported results from morning levels: two with positive associations, one with a negative
association and one with nonsignificant findings. Lutgendorf ef al. [27] reported that, among patients with
interstitial cystitis, those with lower morning cortisol levels had more pain, and McBeth et al. [31] reported
that low morning salivary cortisol was associated with higher risk of chronic widespread pain 15 months
later. In the study of McLean et al. [28] on patients with fibromyalgia, a positive relationship between
current pain symptoms and higher cortisol level was also seen 60 min after awakening. Ehrstrom et al. [36]
reported no relationship with morning cortisol levels in a case-control study of localized vulvodynia.

Two studies reported midday levels. McLean et al. [28] found no relationship to pain among patients with
fibromyalgia while Shell et al. reported that, in a cross-sectional analysis of healthy population that
midday/evening cortisol levels were higher in the group with higher pain, however only among men
(35).Two studies reported evening levels of cortisol, one with significant positive relationships. McBeth et
al. [31] reported that high evening cortisol levels were related to higher risk of chronic widespread pain 15
months later, while McLean et al. [28] found no relationship to pain among patients with fibromyalgia. One
study reported a summary measure of cortisol. McBeth ef al. [30] reported, in a cross-sectional case-control
study using a summary measure of morning and evening levels, that subjects with, or at risk of, chronic
widespread pain were more likely to have lower cortisol scores.

For deviation measures 12 results were reported from 9 studies and 7 of these with significant findings. Six out of
seven studies on CAR showed significant findings: 5 with negative associations and 1 with a positive relationship.

Giess et al. [26] reported that patients with persistent pain after discectomy had lower CAR than those
without pain. Gaab et al. [29] showed that patients with chronic widespread pain had lower CAR compared
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with healthy controls. Ehrstrom et al. [36] reported that patients with localized vulvodynia had lower CAR
than healthy controls. Sudhaus et al. [38] reported that patients with chronic low back pain and more
nonverbal pain behavior had lower CAR and Fabian et al. [37] reported that a flattened CAR was related to
greater pain intensity in experimental pain ratings. Anderson et al. [33] reported that men with chronic
pelvic pain syndrome had higher CAR than age-matched pain-free controls.

Four studies reported results from diurnal deviation: one with marginally significant results and three with
nonsignificant findings. Johansson et al. [34] demonstrated that among patients scheduled for lumbar disc
surgery, those with low diurnal deviation had more leg pain and disability compared with the high diurnal
variation group (p=0.10). Gaab ef al. [29], using a short circadian profile found no difference between
patients with chronic widespread pain compared with healthy controls and Galli et al. [39] found no
differences in diurnal deviation between patients with chronic myogenous facial pain and controls and
Anderson et al. found no differences between men with or without chronic pelvic pain syndrome (33).

One study reported data from laboratory stress testing. Wingelfeld et al. [32] found no difference between
patients with chronic pelvic pain and fibromyalgia and healthy controls in the Trier Social Stress Test.

Three studies reported results in terms of AUC, all of them with nonsignificant findings; Wingelfeld ez al. [32]
found no difference between patients with chronic pelvic pain and fibromyalgia , Sudhaus found no relationship
to low back pain (38) and Galli et al. found no significant relationship to chronic facial pain (39).

Four studies reported results from the dexamethasone test, all with significant findings (two with positive
and two with negative associations). Gaab ef al. [29] and Galli et al. [39] reported on prolonged/enhanced
suppression among patients with whiplash-associated disorder and chronic myogenous facial pain,
respectively. In a cross-sectional [30] and prospective (31) analyses of chronic widespread pain, McBeth et
al. found higher serum cortisol levels the day after a dexamethasone test in the pain group.

In summary, in most of the studies low morning cortisol, high evening cortisol and low cortisol reactivity in
terms of low CAR or low diurnal deviation were related to more pain. Exceptions were findings of higher
cortisol being related to more pain among patients with fibromyalgia and men with pelvic pain.

Table 1d: Summary of the main findings of associations between salivary cortisol and pain sorted by year of
publication

References | Year | Outcome | Design | No. M/W Single time points Deviation AUC Supplementary
cortisol (or sum/mean of (difference/slope test
two or more time between two or more
points) time points)
al |a2 (a3 |a4 a5 |bl |b2|b3 |b4 cl c2 c3 c4 d
Geiss [26] | 1997 | Sciatica |CC/CS |23 | |
pain
Lutgendorf | 2002 | Pain CC/CS | 83 0/83 l
[27]
McLean 2005 | FM CC/CS |55 2134 |1 |1 |0 |O
[28]
Gaab et al |2005| WAD CC/CS |40 20/20 l 0 l
[29]
McBeth 2005 | CWP CC/CS | 429 160/269 1 I
[30]
McBeth 2007 | CWP Prosp |241 l 1 1
[31]
Wingelfeld | 2007 | FM/CP | CC/CS |42 0/42 0 0
[32]
Andersson | 2008 | CPP CC/CS | 65 65/0 1 0
[33]
Johansson |2008 | Disc CS 42 23/19 )*
[34]
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Schell [35] [ 2008 | Neck  |Prosp |121  |67/53 10

Ehnstrom 2009 |Vulva |[CS |78 0/78 0 !

[36]

Fabian  |2009 | Exp cs |64 30/34 !

[37]

Sudhaus | 2009 | LBP cs |43 14/29 ! 0

[38]

Galli [39] |2009|CMP  |CC/CS |40 6/34 0 0 0 !

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory test reactivity/recovery; c1, morning increase/ground; c2, midday increase/ground; ¢3, morning to evening increase/ground;
c4, laboratory test increase/ground; d, DST, dexamethasone suppression test; FM, fibromyalgia; WAD, whiplash-associated disorder;
CWP, chronic widespread pain; Exp; Experimental pain ratings LBP, low back pain; CMP; Chronic myogenous pain. * Parenthesis
denoting marginal significance of results.
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Table 2a: Studies on cardiovascular disease sorted by year of publication

Kristenson and Lundgren

study (1985/1986
t0 2000/2001)
No.: 718; 151/235
black
men/women,
154/178 white
men/women
Group: Middle
aged black and
white men and
women with
different SES
Participation rate:
62.6%

Time for sampling:
awakening, 45 min, 2.5 h,
8 h, 12 h after awakening
and at bedtime

Setting: Ambulatory

resolved immunoassay
with fluorometric end
point detection

b3. Diurnal slope

cl. AUC

Confounders: Sex-race
group, age, treatment for
diabetes, cigarette smoking,
SBP, triglycerides,
educational attainment and
average cortisol levels
measured across the day

16 h and divided by the
duration, first and last
sample

The slope; by linear
regression line for each
participant

the course of the day; those
with no CaC declined more
than 8% per hour (p=0.003)
No difference between groups
in AUC

Those persons with slope
scores in the flattest quartile
had a greater likelihood of
any CaC than those in the
remaining quartiles

References Outcome Study Sampling Laboratory method and | Statistical approach for Statistical analysis, cortisol | Results Discussion
design/group standardization in cortisol measure in relation to outcome
characteristics sampling
Hurwitz Eller | IMT Cross-sectional, | Number of days: 1 day RIA Log-transformed; not Adjustment for age, Hb,;, | Higher cortisol levels 1 h after
etal 2001 [11] 121 healthy 1998 specified BMI (women), and age, awakening and cortisol
participants Number of samples per al. Saliva at awakening physical activity (men) reactivity was related to
day: 3 samples 1998 a2. Saliva after 60 min higher IMT among women
Times for sampling: b1. Changes after 20 min
awakening (S1), 20 min Confounders: Not specified
(S2)and 60 min after (S3)
Setting: Ambulatory
Rosmond et al. | Incidence of Design: Number of days: 1 RIA Log-transformed: Not Data comparisons with Group normal hormone “... abnormal
2003 [12] CVD, type 2 Prospective S-year | Number of samples per specified Student’s t-test, Fisher’s pattern: cortisol slope 12.8 + | neuroendocrine secretory
diabetes and follow-up study day: 7 An algorithm classified the exact test or chi-squared 6.0 nmol/l, mean cortisol 13.1 | pattern is prospectively
hypertension No.: 141 Times for sampling;: hormone pattern using b2, test + 3.1 nmol/l. The abnormal associated with an increased
M/W, 141/0 morning (08:00-09:00 h), difference between the Missing data excluded case | group: 3.8 +5.1,and 8.6+ 3.1 | incidence of cardiovascular-
Age: 54 years 11:45 h, at 30, 45 and 60 salivary cortisol in the wise Men with abnormal secretion | related events and type 2
Group: Men bom | min after a standardized morning and at 11:45 h (the patten (n=73) had a diabetes
during the first 6 Tunch at 12:00 h, at 17:00 slope) and a2, the mean of §1gmﬁcantly higher (p<0.001)
months in 1944 h and just before bedtime these two values (the level). incidence of CVD, type 2
and living in Dexamethasone: 0.5 mg Serum tegtosterone was diabetes and hypertension
Gothenburg at 22:00 h on day 2 included in the algorithm
Confounders: Not specified
Eller et al. Progression in | Prospective 4-year | Number of days: 1 day RIA Log-transformed: not Regression analysis with Among women significant ... awakening cortisol
2005 [13] IMT (IMT-p) | follow-up study 1998 and 1 day 2002 specified IMT-p as the dependent. bivariate association of slope | response of great importance
[1998-2002) Number of samples per al. Cortisol at awakening b1. | Simple and multivariate an IMP-p (p<0.001) to IMT-p in women but not
No.: 95 day: 3 samples 1998 and Changes after 20 min (S1- | analysis The best model for IMT-p for | in men”
M/W: 32/63 3 samples 2002 S2), changes after 60 min Salivary cortisol women included IMT mean | “The present study was very
Age: 34-63 years | Times for sampling: (S1-83). Cortisol reactivity 98 (p=0.019) and S1-2 small ...”
Group: Volunteer awakening (S1), 20 min defined as (S1-S2/S1]x100% average (positiv'e association,
participants in (S2) and 60 min after (S3) was also used p:O'OAS6)‘ The linear model
good health Setting: Ambulatory Both measures from 1998 exp'laj'ned' 24% of the
Participation rate: (S1-395], 2002 (S1-3¢) and variation in IMT-p
73% average of the 2 years (S1-
3average) Were analyzed
Confounders: Not specified
Mattews et al. | CaC Prospective 15- Number of days: 1 Cortisol level was Log-transformed measures: | AUC: cortisol values Those with any CaC declined | ... relatively flat diurnal
2006 [14] year follow-up Number of samples: 6 determined by time- Yes against collection times x 6% per hour in cortisol over | pattern is associated with risk

of coronary calcification ...
independent of established
cardiovascular risk factors ...
understanding psychosocial
factors linked to coronary
disease”
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Nijm et al. CHD Case-control, Sampling over 3 RIA Log-transformed: Not Student’s t-test, Pearson’s | CAD patients had a flattened | “... indicate that
2007 [15] cross-sectional consecutive days specified correlation. Linear diurnal slope compared with | dysfunctional HPA axis
No.: 60 Number of samples per 1. Cortisol deviation regression model analysis | controls (p<0.05), resulting involves failure of
: day: 2 morning-evenin: was performed to assess the | from significantly higher inflammatory activity in
M/W: 50/10 y 2 2 ) i . > ; -
Ase: 54-68 vears | Times for sampling: 30 2. Cortisol response in stress independent contribution of | cortisol levels at bedtime CAD patients, thus providing
Grgo u 30 CyAD min after awakening and test flifferent _facto_rs to the _ Exposition to stress test a possible link bet\yeep stress
patier%s and 30 right before going to bed Confounders: Smoking, B- dmucgasg t1rxelsssatlé\sliu'y cortisol revefﬂed a significant blunted | and inflammatory in disease
randomly selected | Setting: Ambulatory. blocker therapy, and statin s COIT“SOI response among CAD
controls Saliva samples at baseline therapy patients compared with
and after the two different controls
stress tests
Whitehead et | Severity of Cross-sectional Number of days: 2 High-sensitivity Log-transformed: Yes Associations using Pearson | Neither CAR nor cortisol “Type-D ... disruption of
al. 2007 [16] | ACS. No.: 72 Number of samples per | competitive salivary bl. CAR (difference between | correlation for continuous | levels throughout the day HPA axis function in
Score on Type- | M/W: 66/6 day: 8 immunoassay awakening and the highest of data,‘and t-test comparisons | were related to the severity of | survivors of acute cgrdjac
D Personality Age: 20-80 years | Times for sampling: the +15 or +30 min sample) | for dichotomous data ACS or'underlymg coronary erents -+ may contribute to
- Pati : , 21 , bedtime, . Cortisol throughout the . .
Scale Group: Patients 19:00 h. 21:00 h. bedti b3. Cortisol thr th artery disease or to BDI heightened inflammatory
Score on BDI within'S days of awakening (day 2), 15 day (repeated measures scores (the CAR, was - responses mﬂ'u(_anc’:’mg future
Depression admission for and 30 min after analysis of variance, with positively assoc%ated with cardiac morbidity
Scale ACS awakening, 11:00 h and sample time as a within- pre D personality
. 16:00h subject factor) independent of age, gender,
Participation rate: R . BMI)
95% Setting: Hospital Confounders: Age, gender,
and BMI
Bhattacharyya | CAD Cross-sectional Number of days: 1 High-sensitivity Log-transformed: Not b3. Repeated measures 52 (62%) patients were found | “The flatter cortisol rthythms
etal.,2008 No.: 84 Number of samples per | chemiluminescence specified analysis with clinical group | to have definite CAD on of more depressed CAD
[17] M/W: 58/26 day: 8 assay bl. CAR (measured on day | as between-subject, and angiography. b3 was flatter in | patients may contribute to
Ace: 62 Times for sampling: 2) samples over the day as more depressed patients with | the progression of coronary
@ f:z;n) years Between 09:00 an d.10:00 b3. Cortisol over the day within-subject factors. CAR | CAD (p<0.001), lower atherosclerosis”
Groun: Patient h (lab), at 11:00 h, 16:00 (measured on day 1) was analyzed using .| cortisol early in the day and
oup: Yatients - |\ % .00 h. iust bef repeated measures analysis | higher in the evening, but not
being investigated | > 7" > Just before Confounders: Age, gender, of the waking, 15-, and 30- | related to depression in
ft ted bed, awakening, +15 and and medication with - e e, o ttecito dep
Co[r&;lspec © 30 min blockers min saliva samples patients without CAD
. (p=0.68)
s .| Setting: Laboratory, X
lggglclpatlon rate: ambui oy Ty. CAR was greatr in CAD
o than in non-CAD patients
(p=0.04), but was not related
to depression
Dekker et al. Plaque in Population-based, | Number of days: 1 CLIA al,a2,a3, a4. Linear regression models After full adjustment, higher | “... we showed, in an elderly
2008 [18] carotid arteries | cross-sectional Number of samples per | Log-transformed: not b3. Slope over day by between cortisol measures | cortisol at 17:00 h, high AUC | population, higher total
(ultrasound) | No.: 1866 day: 4 performed; after regression over day excluding | and plaque scores but not any other single cortisol exposure was
M/W: 45 vs 55% | Times for sampling: exclusion of data above | second sample to minimize | Relations between tertiles | measure, SIOPC over day associated Wlf-h nmnbe;of
Age: 74 years Awakening, +30 min, at | 98th percentile impact of moming increase | of AUC/slope distributions | related to a higher plaque athergsclero_nc plaques inthe
(mean) 17:00 h and at bedtime Data normally distributed | ¢c3. AUC; cortisol level by and plaque scores via score cz;rond meE?s, mde},aendent
Group: 1 partof | Setting: Ambulatory times divided by hours ANOVA of CVD risk factors’
Rotterdam Study between first and last sample
of risk factors for Adjustments for age, sex,
chronic disease in time from awakening,
the elderly smoking, month, aspirin use,
education, blood pressure,
lipids and diabetes

Abbreviations: ACS, acute coronary syndrome; BDI, Beck Depression Inventory; BMI, body mass index; CaC, coronary calcification; CAD, coronary artery disease; CHD, coronary heart
disease; CLIA, chemiluminescence immunoassay; IMT, intima media thickness; RIA, radioimmunoassay; SBP, systolic blood pressure; SES, socioeconomic status.
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Table 2b: Studies on breast cancer sorted by year of publication

Kristenson and Lundgren

References Outcome Study design/group | Sampling Laboratory Statistical approach for cortisol Statistical analysis, | Results Discussion
characteristics method and measure cortisol in relation to
standardization in outcome
sampling
Sephton ez al. | Survival Prospective case- Number of days: 3 | RIA Log-transformed: Yes Diurnal slope: Cortisol slope predicted survival up to 7 ... highlighting cortisol
2000[19] time, control study (7 consecutive b3. Diurnal slope regression on years later with earlier mortality among slope, and not the morning
metastatic | years) Number of samples 3. AUC collection time (12 pat.ients with flat thythms (p=0.0036, hazard f:orFisol level, as a unﬁque
breast cancer | N .- 104 per day: 4 : . measures) ratio=464.9) indicator of survival in
Adjustment: age, site, estrogen : . metastatic breast cancer”
M/W: 0/104 Times for sampling; recJ or statusg Gscase. freeginterval AUC calculated over | Flattened profiles also linked with low b T
Age: 53 vears 08:00. 12:00. 17:00 timzpsince dia > osis. physicians’ > | 3 days by trapezoidal | counts and suppressed activity of NK cells.
o :00, 12:00, 17: ) A e
( n%ean) y and 2100 h rating: medic jntreatnin}t]s: estimation Tlfre wastno asgoc;anon between AUC and
Groun: Metastatic | Setting: Ambulatory psychosocial, marital status, sleep, | Survival analyses by subsequent surviva
p: : : e the Cox proportional
breast cancer patients pain, and depression; and two heards >
. ) immune measures (NK cell counts | 182ards regression
}gglo‘t/lc:lpatlon rate: and function (LU20)) model
0
Abercombie | Metastatic | Case-control cross- | Number of days: 3 | EIA Log-transformed measures Yes Correlations between | Breast cancer patients had significantly “Cortisol diurnal slope may
et al. 2004 breast cancer | sectional consecutive b3. Diurnal slope (regression of the biological indicat(}rs flatter diurnal cortisol rhythms than healthy | have impqnant but different
[20] No.: 48 Number of samples 12 cortisol values on the time of and disease severity controls (p<0.05) correlates in hgalthy women
M/W: 0/48 per day: 4 sample) x:retflse:fidt thth More severe disease status among patients versusl.hose with breast
: 0- ests ; . ; cancer’
Age: >30 years Times for sampling: a5. Mean value of all the values ! was associated with higher mean cortisol
.| Awakening, 12:00, across the sampling days (using all levels (=0.50, p<0.05) and was positively
Srou{): 17 metazan:: 17:00 and 21:00 h 12 log-transformed values) bu;t potfllgrnﬁcaxrl:t:)}/ :glated t(())7ﬂatter diurnal
reast cancer patients cortisol slopes 45, p=0.
and 31 heahh)l? Setting: Ambulatory Adjustment for effect of educational ! pes ( p=007)
controls attainment and marital status
Participation rate:
73%
Vedhara et Newly Cross-sectional case- | Number of days: 2 | RIA Log-transformed: Yes Confounders: Not No group differences with regard to any of | “Inconsistent with previous
al.2006 [21] giagnosed control study consecutive bl. CAR (2nd measure - 1st) specified the four cortisol measures were evident studies of breast cancer
reast cancer . atients .diurnal pattern of
No.: 144 Number of samples b3. Diumnal slot p p
. pe : . .
MIW: 0/144 per day: 4 cqmsol. reflect dltferen'ces in
mes for sampline: c3g. AUCqgound disease stage of the patients
Age: 53 years il‘;“:l:m;’;ffg&“g' G3i. AUC e andor theiytreatment
mean d ties”
¢ ) . min, before lunch, The slope was calculated by modalities
Group: 85 patients | ,420,00-22.00 h regressing the cortisol level onto the
with newly (>2 h after evening time of the sample, with the first
dlagnose(jibsr;ast meal) sampling occasion treated as time =
cancer an . 0, and later times being the number
Setting: Ambulato >
healthy controls cting uiatory of hours after this time
Carlson et al. | Breast Case-control cross- | Number of days: 1 | ELISA Log-transformed measures: Yes Mean cortisol slopes | The women with breast cancer were not “Results highlight
2007 [22] cancer, sectional Number of samples a3. Mean of cortisol throughout the | Were compared ) significantly different from l'he control i imponange .of disease
stages FIIL | g - 66 per day: 4 day between groups with | women on measures of cortisol production | characteristics when
. . . . Chow test at any time of the day, on mean daily cortisol | investigating endocrine
M/W: 0/66 Times for sampling: b3. Diurnal slope, by regressing the
: . plng: " Pe, by regressing AUC val value, on slopes using the Chow test, or functioning”
Ace: 52 vears Awakening, 12:00, cortisol values as the dependent values AUC AUC ih b )
8% 22 17:00 and 22:00 h variable on the time of day that each | compared between o OF AUC e (women with breast | Changes may not be seen in
(mean) | sample groups using cancer had significantly higher lf:vel§ of carly stages of breast cancer
Group: 33 women Setting: Ambulatory 3 AUC( dondi ) independent samples disturbance on all the psychological indices)
with breast cancer - ground and increase t-test
(stages I-111, primary
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stage IT) and 33
healthy controls

Confounders: Not specified

Abbreviations: EIA, electroimmunoassay; ELISA, enzyme-linked immunosorbent assay; NK, natural killer; RIA, radioimmunoassay.

Table 2c: Studies on rheumatoid arthritis sorted by year of publication

References [Outcome Study design/group Sampling [Laboratory Statistical Statistical analysis, cortisol in ~ Results Discussion
characteristics method and ppproach for relation to outcome
standardization in ~ [cortisol measure
sampling
Dekkers et | Recent-onset | Case-control, cross- Number of days: 2 Time-resolved Log- To assess group differences in | There was no differences in early ... dynamic early cortisol morning
al. 2000 | rheumatoid | sectional Number of samples per | Immunoassay transformed: Not | the early morning rise and morning rise between the RA patients rise, not distributed in patients with
[23] arthritis No.: 53 day: 9 with fluorescence | specified afternoon cortisol levels, and the healthy control group, RA recent-onset RA ... indicates that the
M/W: 14/39 Times for sampling: detection b1. Cortisol cortisol 'values from the ﬁr§t 3 | patients with hlgh activity showed HPA axis is not defective’
) A measures 1-3 time points and the last 6 time | significantly higher cortisol levels than Afternoon cortisol levels in patients
Age: 55 years (mean) Awakening, +15, +30, (CAR) points of the day were RA patients with low activity and healthy | ith high disease activity did not
Group: 12 patients with | 743 min, at 10:00, . subjected to repeated controls during the remainder of the day | grqp
recent-onset RA and 12:00, 14:30, 17:00 and b3. Cortisol measures ANOVA (p<0.001) and single measures at 12:00,
high activity (ESR>20], | 19:30h measures 4-9 14:30, 17:30, 19:30 h were higher
13 same with low Setting: Ambulatory Confounders: (p<0.05)
activity, and 28 healthy Age and sex
controls Post hoc
analyses of each
time measure;
al,a2,a3, a4
Catley er | Rheumatoid | 18 RA patients (21 Daily life sampling, Time-resolved a5. Average Multilevel random effects RA patients had higher cortisol but no Provides additional evidence that the
al. 2000 arthritis fibromyalgia patients) signaled pre- immunoassay cortisol model (MIXED procedure) | differences in diurnal profile HPA axis is disturbed in RA. No
[24] from a community programmed with fluorescence | 3. Djurnal Control for demography, evidence of relation to ongoing
rheumatology practice | wristwatch; 6 samples | detection deviation lifestyle, and psychosocial stress
and 22 healthy controls | per day; from 08:00 to factors (mood, stress)
45% response rate 09:00 h, on 2 days
Exclusions; endocrine
disorders, pregnancy,
corticosteroid treatment,
night shift work
Eijsbouts | Rheumatoid | Cross-sectional case- The activity of the b3. Diurnal Diurnal salivary cortisol levels did not “Under the standardized conditions
etal 2005 | arthritis control study HPA-axis was assessed deviation differ between RA patients and healthy | of ITT, patients with RA have
[25] No.: 70 under basal conditions 3. AUC controls nor did AUC decreased plasma cortisol levels
M/W: 37/45 and in response to stress During stress test (insulin tolerance test) | compared with healthy controls, )
Age: 1865 years imsulm tolerance test, plasma cortisol levels were consistently | despite increased IL-6. The defect is
g i ) TT). Jower in RA patients compared with probably located at the gdrenal level
Group: 50 patients with | 1 addition, patients healthy controls and may be of pathogenic
RA; 20 with recent onset, | with recent onset RA significance for the development of
20 with longstanding underwent a chronic arthritis”
active and 10 with dexamethasone
longstanding RA in suppression test.
remission; and 20
healthy controls
Exclusions; any
condition or medication
known to affect the HPA
axis

Abbreviations: ESR, eosinophil sedimentation rate; IL-6, interleukin 6; RA, rheumatoid arthritis.
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Table 2d. Studies on pain sorted by year of publication

Kristenson and Lundgren

Reference | Outcome Study design/group | Sampling Laboratory method | Statistical approach for | Statistical analysis, cortisol | Results Discussion
characteristics and standardization in | cortisol measure in relation to outcome
sampling
Geiss et al. | Persistent sciatic | Cross-sectional Number of days: 1 Immunofluorescent | Log-transformed: Not | Not specified (probably Cortisol concentration ... the persistence of pain in many
1997 [26] pain in patients | case-control study | Number of samples per assay specified ANOVA between groups) | immediately after awakening | of the patients may be related to
\yho underwent | No.: 23 day: 5 al. Awakening cortisol was signiﬁc_ant]y lowerin P+ | dysfunctional reciproca_] relations
discectomy M/W: Not specified | Times for sampling: value group thag énot;le two other I_Jetween nﬁlemq], e’r’ldocnne and
Age:d0years | Awakening, +15,+30, +45 b1. CAR (0-30 min) groups (p=0.05) | immune function
Group: 7 patients and +60 min analyzed as AUC The P+ patients also exhibited
: . . .. a blunted increase of cortisol
with ongoing sciatic | Setting: Patients, clinic; Confounders: Not secretion in response
ain (P+). 7 with controls, not specified specified . D
pain (P+), awakening (p<0.086)
low postoperative
complaints (P-) and
9 healthy controls
Participation rate:
59%
Lutgendorf | Pain in Cross-sectional Number of days: 3 Time-resolved Log-transformed: Yes | Logistic regression analysis | Mean urinary or salivary “These findings imply that
etal. 2002 | interstitial No.: 83 Number of samples per immunoassay with al, a2 a4. Morning, on level of morning cortisol | cortisol did not differ in regulation of HPA axis may be
[27] cystitis M/W: 0/83 day: 3 fluorescence afternoon and evening | that corresponded to specific | patients and controls associated with interstitial cystitis
Age: 51 years Times for sampling: At detection values patient symptoms Patients with interstitial symptomatology”
(mean) 08:00-09:00 h, 16:00-17:00 b3. Diumnal slope Symptom levels were cystitis and higher morning
Group: 48 patients hand 21:00-22:00 h (based on means from dichotomized o cm"nsol had significantly less
with cﬁronic Setting: Ambulatory each measure time from OR was djctern'nned in pain and urgency
interstitial cystitis the 3 days) patients with different
and 35 healthy Confounders: Chronic | cortisol levels
controls fatigue syndrome,
Participation rate: rheumatoid_ arthris,
Not specified ﬁbromyalgl a and
tricyclic antidepressant
treatment
McLeaner | Painin Cross-sectional Number of days: 2 Enzyme Log-transformed: No | Wilcoxon-Mann-Whitney | There were no significant “The results of this study indicate
al. 2005 fibromyalgia case-control study | consecutive immunoassay Single measures: al, a2, | test to compare categorical | differences in cortisol levels | that pain symptoms in women with
[28] patients No.: 55 Number of samples per a3, a4 variables and Fisher’s exact | or diurnal cortisol variation fibromyalgia are associated with
: . . . test for continuous variables | between fibromyalgia patients | cortisol concentrations during the
M/W: 21734 de.ly. > . b3. leferences n Linear regression on the and healthy controls early part of the day, but not at later
Age: 41 years Times for sampling: cortisol patterns near 81c: . . ) fime points”
(mean) Awakening, +1 h, +5 h, analyzed through association between cortisol | In ﬁbromyg}gm patients a
Group: 28 patients between 15:00 and 16:00 h repeated measures and pain, fatigue and stress | strong positive relationship
with ﬁi:;romyalgia and 30 min before going to analysis of variance symptoms between cortisol and current
and 27 healthy bed ;Vlth time as between- Zﬁ:?ﬁg’;gﬂaﬁg&g
controls Setting: Ambulatory actor . ’
Participation rate: Confounders: Age, sex, %1 Ohl ?;ier waking
65% ) number of symptoms of :
depression and self-
reported history of
physical or sexual
abuse
Gaab etal. | Chronic WAD | Cross-sectional Number of days: 2 CLIA Log-transformed: Yes | ANOVAs for repeated Compared with the controls, | “Dysregulations of the HPA axis ...
2005 [29] case-control Number of samples per bl. CAR measures were computed to | chronic WAD patients had The observed endocrine
No.: 40 day: 9 b2. Cortisol during the analyze cortisol data, with | attenuated CAR, normal abnormalities could serve as a
i clinical diagnosis as a cortisol levels during the day, | systemic mechanism of symptoms
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M/W:20/20 Times for sampling: day (short circadian grouping variable and time | and showed enhanced and experienced by chronic WAD
Age: 36 years Awakening, +15, +30, +45 profile) as the repeated measures prolonged suppression of patients”
Group: 20 in- and +60 min and at 08:00, d. Dexamethasone test | factor. Correlations by cortisol after the
atient's with 11:00, 15:00 and 20:00 h Confounders: No Pearson product-moment administration of 0.5 mg
IC) hronic WAD and | Setting: : correlation dexamethasone
20 healthy controls | Hospital/ambulatory
Participation rate: Dexamethasone: 0.5 mg at
11:00 hday 1
McBether | CWP Cross-sectional Number of days: 1 RIA Log-transformed: Not | OR for the at risk group Subjects in the CWP group or | “Those with established, and at risk
al. 2005 case-control study | Number of samples per specified compared with the reference | at-risk group were of, CWP demonstrate abnormalities
[30] No.: 429 day:2 PCA was used for group were calculated significantly more likely to | of HPA axis function”
M/W: 160/269 Times for sampling: At combining the four Linear regression for have salivary cortisol scores in | “The occurrence of HPA
. 22:00 h and between 08:00 sources of cortisol data | relationship between cortisol | the lowest third (OR=3.1and | abnormality is not fully explained
Age: 25-65 years v . . i OR=1.8 respectively) ; i
and 09:00 h the morning 22. Between 08:00 h and psychological measures by the accompanying psychological
Group: 31 patients ’ 500~ P CWP and at risk groups were | distress”
with CWP fter and 09:00hin the more likely to have high
. . Setting: Ambulatory morning 4
267 subjects at risk serum cortisol (OR=1.9 and
and 56 iontrols Dexamethasone: Serum a4. At22:00h OR=1.6) after c(lexamethasone
S cortisol levels were d. Serum after test
Participation rate: .
measured after an overnight dexamethasone test .
60% 0. 25 me dexamethason None of the psychosocial
> £ dexamethiasone Confounders: Age and factors were associated with
suppression test and a pain gender cortisol
threshold stressor
McBether | New onsetof | Prospective cohort | Number of days: 1 RIA Log-transformed: No | Relationship between new- | 28 (11.6%) of subjects “Among a group of psychologically
al. 2007 CwpP study Number of samples per al. Moming saliva onset CWP vsno CPW and | reported new onset of CWP | at-risk subjects, dysfunctions of the
[31] No.: 241 day: 2 levels cortisol levels was expressed | High levels of cortisol after | HPA axis help to distinguish those
M/W: Not specified | Times for sampling: At a4. Evening saliva asthe OR dexamethasone (OR=3.53), | Who will an’(’l will not develop new-
Age: 25-65 years | 09:00and 22:00 h levels To identify factors that low levels in the morning onset CWP
e . independently contributed to | saliva (OR=1.43) and high
Group: Subjects Setting: Ambulatory d. Serum (post- the onset of CWP. levels in evening sali
orou A g saliva
identified tobeat | Dexamethasone: Serum dexamethasone Ievels) | ;v iate logistic (OR=2.32) were all associated
future qsk of CWP | cortisol levels were ) Conff)unde}'s: Age, SEX, | regression was used with CWP. The 3 factors were
at baseline. Follow- | measured after an overnight baseline pain status, life independent and additive
up after 15 months | 0,25 mg dexamethasoneA events, 11h1ess behgvlor, predictors of CWP
Participation rate: | Suppression test and a pain and Hospital Anxiety
529, threshold stressor and Depression Scale
depression subscale
score
Wingenfeld | Pain No.: 42 TSST Time-resolved Log-transformed: Not | Salivary cortisol was TSST: There were no main “Our results suggest normal HPA
etal. 2007 i ; . - immunoassay with specified analyzed by ANOVA with | effects of the group factor or a | responses to stress in patients with
Fibromyalgia M/W: 0/42 Number of days: 1 S A Wi he gt ¢ !
[32] syndrome and | Age: xx years Number of samples : 8 ﬂuoromemc b4. Salivary cortisol repeated measures with time | group by time interaction CPP’
chronic pelvic ’ . ) o .| detection after stress test as between-factor effect, reflecting nearly
ain Group: 15 patients | Times for sampling: 15 min ) identical salivary cortisol
P with CPP,and 16 | before test, during test (+15 Confounders. Not release before, during, and
patients with FMS. | min) and then after (+30, specified after the TSST in all groups
21 healthy controls | +45, +60, +75 and +90
min)
Setting: Laboratory test
Anderson et | Chronic pelvic | Cross-sectional Number of days: 2 Luminescence Log-transformed: Yes | Diurnal, or daytime slopes | Men with chronic pelvic pain | “Men with CPP scored exceedingly
al. 2008 pain case-control study | consecutive immunoassay bl. CAR were calculated by syndrome had significantly high on all psychosocial variables
[33] No.: 65 Number of samples per b3. Diunal slope regressing values at time of | higher awakening cortisol and showed evidence of
M/W: 65/0 day: 9 ’ awakening as baseline. responses than controls dysfunctional HPA axis function
) . . Confounders: Not Correlations with (»<0.05). (Men with chronic | reflected in augmented awakening
. Times for sampling ified L .
?ge. 4)3 years Awakening, +15 +'3 0. 145 Sspeciiie Spearman’s rank test pelvic pain syndrome had cortisol response”
mean > T more perceived stress and
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to create participant

Group: 45 men with | +60 min, and then 4 anxiety than controls
chronic pelvic pain | samples at 3 h intervals (p<0.001))
syndrome and 20 | Setting: Ambulatory
age-matched pain-
free controls
Participation rate:
100%
Johansson et | Pain in patients | Cross-sectional Number of days: 1 RIA Log-transformed: No | Correlations with The low diurnal cortisol “Patients with lumbar disc
al.2008 [34] schedulefl for | No.42 Number of samples per b3. Diurnal cortisol Speam‘lan’s correlation val"iabi]ity'gfoup had more leg herpia?i_on and a low diurnal cortisol
lumbar disc M/W: 23/19 day: 4 variability (bedtime coefficient pain at activity (p=0.10), variability were more prone to
surgery Ace: 41 vears Times for sampling: sample (4) - morning Patient dichotomized into 2 | Significant more dlSZ:lblhty catasn'ophlze, thgn patlents wth
ge: 4l e . ; cak (2)) ouns based on cortisol (p=0.03), lower coping scores | lumbar disc herniation and a high
(mean) Awakening, +30 min, P i (p=0.01), higher diurnal cortisol variability”
- before evening meal and at 3. AUC grouas (total variability (high/low D), g ty
Group: Patients . . . cortisol) catastrophizing scores
bedtime AUC including on all 4 .
scheduled for o samples) (p=0.04) and lower physical
Tumbar disc surgery | Setting: Ambulatory 3. AUCm (AUC function (p=0.02)
c3. eround2
including only the 2
morning samples)
Confounders: Not
specified
Schell et al. | Pain in the Cross-sectional Number of days: 1 Not specified Log-transformed: Yes | Longitudinal analyses were | Only salivary cortisol nr 3 “Individuals in working life ...
2008 [35] neck, shoulder | N - 121 Number of samples per al, a3, a4 conducted with one-way (“dli:mfcf’icongentration in degrgasgd regeqerative{a}t:gbolic )
and back M/W: 67/53 day: 4 Longitudinal analyses ANOVA ' ;rila e; él;ﬂe %?lgnh gtro(/l,lzo w(z)izso) a(;jtllgty is associated with increasing
Age: 44 years Times for sampling: At were conducted with | Linear regression analyses thfnu in the r}llo ain ’ p
(mean) awakening, at lunch, at one-way ANOVA were Ct?'ndum]fd to tESI lf‘any P
dinner and before going to . stress biomarker at baseline
Group: Healthy gomg Confounders: Age and predicted pain 12 months
i bed gender
media workers Setting: Ambulatory later
Participation rate: :
95%
Ehrstrom et | Pain-localized | Cross-sectional Number of days: 1 Time resolved Log-transformed: Not | Linear regression analysis | The k-value (slope) was 1.68 | “In conclusion, according to the
al. 2009 provoked No.: 78 Number of samples per fluorescence specified was used to calculate the in patients and 3.73 in control | pattern of morning cortisol and
[36] vulvodynia M/W: /78 day: 4 immunoassay bl. CAR (first 4 values) | slope, ie., the k-value of the | women. This means that reported stress-related symptoms,
) . .o . equation of the graph of morning increase in cortisol | the women with localized provoked
Age: 1840 years | Times for sampling: Confounders: Not ine rise in sali ionificant] . f .
. morning rise in salivary was significantly attenuated in | vulvodynia of this study suffer from
Group: 43 women | Awakening, +15,+30, and specified cortisol. A comparison women with localized chronic stress”
with localized +45 min between the k-values in provoked vulvodynia
provoked Setting: Ambulatory patients and controls was (p<0.05), indicating chronic
vulvodynia and 35 performed with Student’s - | stress
healthy controls test Mean levels of salivary
Participation rate: cortisol at awakening, at 15,
100% 30 and 45 min did not differ
between groups
Fabian ez al. | Experimental Cross-sectional Number of days: 1 High-sensitivity Log-transformed: A The normal and flattened Flattened AUCjycrense (CAR) | “a flattened CAR may be part of a
2009 [37] pain ratings No.: 64 Number of samples per enzyme base 10 transformation | CAR groups were compared | was related to greater pain diathesis relating to dysregulation of
M/W:30 34 day: 7 immunoassay was used on negative affect, pain intensity and unpleasantness | the HPA axis, placing individuals at
) . . b tolerance, AUCgoumnd (CAR), | ratings increased risk for acute and chronic
Age: 20 vears Times for sampling: 1.CAR . roune . . A
ge: 2y . ) and ratings of pain intensity | The normal and flattened pain, although bidirectional
(mean) Awakening, +15, +30, and cl. AUCigase (CAR), ; it ; ble”
g, 710, T30, and pain unpleasantness AUC eene (CAR) groups did | associations are certainly possible
Group: Individuals | +60 min, and at 11:00, AUCqgomd (CAR) usine £-tests ncrase (/4 %) £YOUD:
up: . § . ' g not differ in their report of
of diverse 16:00 and 22:00 h Following AUCjnease . .
- pain tolerance or negative
ethnicities recruited | Setting: Ambulatory (CAR) calgulatlon, a affect
from a university median split was used
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Participation rate:
80%

groups with either a
normal or flattened
CAR

Confounders: No

Sudhaus ez | Acute versus Cross-sectional Number of days: 2 Time-resolved Log-transformed: A For analyzing subject group | There were no significant “The results indicate that pain-
al. 2009 chronic low No.: 43 Number of samples per immunoassay with | base 10 transformation | differences in the time differences between the related coping strategies which are
ack pain . . uorescence Wwas use courses of the cortiso groups, neither concerning the | expected to be successful appear to
38 back pai M/W-14 /29 day: 5 fl d f thy isol ithe ing th d to be ful
) Times for sampline: detection bl. CAR awakening response, a two- | consecutive measures (CAR), | lower the adrenocortical activity
Age: 39 years . ping: way ANOVA for repeated | nor the AUCgrung among ALBP patients, whereas
(mean) Awakening, +15, +30, +45 cl. AUCgound . o
- measurements (group by Among CLBP patients. fe affective distress may enhance the
) . and +60 min Confounders: No . . ong patients, fear Y "
Gmup. 24 patients Setting: Ambulao - time-point) was performed | ayoidance coping, and level of cortisol in this group’
Wlth CLBP» 19 & Y Subject group differences | nonverbal pain behavior, was | Among CLBP patients, long-term
patients with ALBP concerning the AUCyomq | negatively associated with the | maladaptive coping strategies might
Participation rate: were analyzed by an cortisol awakening response | contribute to hypocortisolism™
61% independent samples 7-test
Gallietal. | Chronic Cross-sectional Number of days: 2 CLIA Log-transformed: Yes | ANOVAs for repeated Unstimulated cortisol ... the results showed that patients
2009 [39] myogenous case-control Number of samples per bl. CAR measures were compute_:d to | response (beforeA with chronic myogenous facial pain
facial pain No.: 40 day: 9 b3. Cortisol during the ar}a!yze c}omsol}data, with dexamethasoge»mtake) to havg gqhanced negative feedback
. . . A clinical diagnosis as a CAR and cortisol levels sensitivity after the intake of'a low-
M/W: 6/34 Times for sampling: day (short circadian . . . X . .
. grouping variable and time | during the day did not differ | dose of dexamethasone, whereas the
Age: 35 vears Awakening, +15, +30, +45 profile) .
& ¥ and +60 min and at 08:00 as the repeated measures between the groups CAR as well as the secretion of
(mean? . 11:00. 16:00 and 20:00 h d. Dexamethasone test | factor. Correlations were Chronic myogenous facial cortisol over the course of the day
20 patients with o ) Confounders: No computed by Pearson pain patients showed appear normal”
chronic myogenous Setting: Ambulatory product-moment correlation | enhanced suppression of
facial painand 20 | Dexamethasone: 0.5 mg at cortisol after the
healthy controls 11:00 h day 1 administration of
Participation rate: dexamethasone (CAR and
100% cortisol levels during the day),
compared with controls

Abbreviations: ALBP, acute low back pain; CLBP, chronic low back pain; CLIA, chemiluminescence immunoassay; CPP, chronic pelvic pain; CWP, chronic widespread pain; FMA,
fibromyalgia syndrome; OR, odds ratio; PCA, principal component analysis; RIA, radioimmunoassay; TSST, Trier Social Stress Test; WAD, whiplash-associated disorder.
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DISCUSSION

The main impression from this literature review is that few studies have examined salivary cortisol in
relation to somatic outcomes. Several nonsignificant findings were seen among these studies, however there
was a relatively large proportion of significant findings and a parallel pattern of findings across diseases:
i.e., low morning cortisol, high evening cortisol and low cortisol reactivity related to disease or ill health.

However, not all findings followed this pattern. In a cross-sectional analysis CAR was negatively related to
IMT among women [11], but in a follow-up of the same population the opposite finding (i.e., a positive
relationship) was reported [13]. Matthews et al. [14] found, in a young population with 8% prevalence of
atherosclerosis, that an attenuated diurnal deviation was related to more coronary calcification, and Dekker
et al. [18] found, in an elderly population with 75% prevalence of atherosclerosis, that high evening values
and high AUC were related to more plaques in arteria carotis with no relationships for diurnal deviation.

These studies all used measures of atherosclerosis. This was also the case for the study of Bhattacharyya et
al. [17], which examined patients being investigated for suspected CAD and definitive CAD defined by
results from angiography. Patients with definitive CAD had higher CAR compared with patients without
CAD. Thus, high evening levels and high AUC were positively related to measures of atherosclerosis and a
possible summary of these findings is that the amount of atherosclerosis is positively related to high total
cortisol.

Bhattacharyya et al. [17] also found that CAD patients with depression had flatter diurnal deviation and the
authors concluded that this “flatter cortisol might contribute to the progression of coronary atherosclerosis”.

Three studies had symptomatic CVD disease as the outcome: one prospective study of CVD [12], one case-
control study of CAD [15], and one cross-sectional study on the severity of ACS [16]. For CVD
event/CAD, the findings were consistent; the prospective study on CVD found low diurnal deviation
related to more CVD [12]; the case-control study found low diurnal deviation and poor laboratory stress
response among cases with CAD [15]; no relationship was seen for severity of ACS [16].

An acute coronary event is a result of a rupture of plaques and there is evidence that plaques characterized
by more inflammation and higher levels of degrading enzymes are more vulnerable. In the study of Nijm et
al. [15] the attenuated cortisol stress response was accompanied by higher levels of inflammatory markers
and higher levels of degrading enzyme matrix metalloproteinase. Thus, the flat diurnal curve and/or
attenuated response may be related to CAD via the quality of atherosclerosis, i.e. to more vulnerable
plaques.

Four studies were found for cancer, all breast cancer. Two were on patients with metastatic cancer [19, 20]
and two on early stage cancer [21, 22]. Results suggest that salivary cortisol is related to breast cancer
disease at the metastatic stage but not in earlier stages. The two studies on metastatic breast cancer were in
agreement that low diurnal deviation was related to patients with metastatic breast cancer and/or prognosis
of disease [19, 20]. In addition, in the case-control study, patients had higher all-day cortisol [20].

High all-day cortisol was also seen in patients with rheumatoid arthritis compared with healthy controls.
However, in one of these studies, this was seen only for patients with high disease activity in terms of
sedimentation rate [23], and this was a result of higher levels in the afternoon and evening, with no
differences in morning levels. In the second study, Catley et al. [24] concluded that the results provide
additional evidence that the HPA axis is disturbed in rheumatoid arthritis, and also that there was no
evidence that the differences were effects of differences in ongoing stress. In the third study, no significant
relationship with salivary cortisol was seen [25].

The 14 papers on pain included a variety of patient groups; however, all studies had pain as outcome. The
overall pattern suggests that low morning, high evening cortisol, flat CAR and/or diurnal deviation are
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related to more pain in interstitial cystitis, risk of chronic widespread pain, risk of pain in the neck and
shoulders, localized vulvodynia, chronic low back pain, experimental pain ratings and sciatic pain.

Low morning cortisol was related to more pain among patients with interstitial cystitis [27], and higher risk
of chronic widespread pain 15 months later [31]; high evening levels of cortisol were related to higher risk
of chronic widespread pain 15 months later [31], and high midday/evening cortisol predicted pain in the
neck and shoulders 12 months later, however, among men only [35].

In case-control studies on patients with chronic widespread pain [29], localized vulvodynia [36], chronic
low back pain [38] compared with healthy controls and in experimental pain ratings, a flattened CAR was
related to greater pain intensity [37]. In two studies, patients with sciatic pain showed better outcome after
surgery if they had a low morning cortisol level and/or morning/diurnal deviation of cortisol [26, 33],
which in both cases was suggested to be a function of the anti-inflammatory effect of cortisol being related
to steep diurnal deviation.

Contrasting findings were seen in a study on fibromyalgia in which current pain symptoms were related to
higher cortisol at awakening and 60 min after awakening [28] and for men with chronic pelvic pain
syndrome who had higher CAR than age-matched pain-free controls [33]. A possible interpretation is that
cortisol levels in these latter cases are reactions to pain and/or the stressful situation for these patients.

Most studies were cross-sectional; two were prospective. Most had small numbers of participants, which
may have influenced the results. The two studies reporting only nonsignificant findings had the smallest
number of participants (n=40 and n=42, respectively) [32, 39].

A summary of the findings suggests that, depending on whether the pain is a result of an inflammatory
disease or a chronic pain process, different results are found.

CONCLUSION

Few studies were found where the relationship between salivary cortisol and somatic disease/illness was
analyzed. Among these, a large proportion showed significant findings which, across outcomes (CVD disease,
metastatic breast cancer, rheumatoid arthritis or pain), suggest that low morning cortisol levels, high evening
cortisol levels and a low dynamic cortisol response to stress are related to poorer somatic health.
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Abstract: The aim of this book was to evaluate the usefulness of salivary cortisol as a biomarker in various
settings. Our hypothesis was that observed diversities in results can be a function of different kinds of
assessments. In this chapter, we try to respond to this aim by giving a summary of the results from different
cortisol measures in relation to the health-related variables and conditions investigated in this review. The
overarching pattern shows a predominance of non-significant findings but also a couple of rather consistent
trends emerged when comparing the results from different chapters. The most apparent is that single
measures of absolute concentrations of salivary cortisol, for most health-related variables, seldom give
significant findings; deviation measures, in terms of diurnal deviations and/or laboratory stress tests seem to
be more strongly and consistently associated with a number of factors, such as Socioeconomic Status (SES),
psychological characteristics, biological variables in terms of overweight and abdominal fat accumulation,
and mental and somatic disease. Across disorders, the pattern related to ill-health/stress is generally
characterized by a flatter diurnal cortisol curve, which in most cases is due to attenuated morning and/or
increased evening levels, or a reduced response to a laboratory stress test. For some specific questions,
single mean values seem to provide valuable information, but in all cases a careful design in terms of power
and standardization is important. Thus, salivary cortisol can be a useful biomarker in many settings, if
caution is taken in the choice of methods used.

Keywords: Salivary cortisol, adult, conclusions, nonsignificant findings, deviation measures, diurnal curve,
laboratory test, dexamethasone, biomarker, disease.

INTRODUCTION

As emphasized in Chapter 1, salivary cortisol is a very popular measure in research on stress, health and
disease. However, results from different studies are sometimes contradictory and confusing and there has
been frustration over diverging findings where both high and low cortisol levels have been associated with
the same condition. Our hypothesis was that the observed diversities could be a function of different frames
of reference, and especially different kinds of assessments. The aim of this book was to perform a critical
review of the existing empirical literature on salivary cortisol, to evaluate the usefulness of salivary cortisol
as a biomarker in various settings. More specifically, we investigated the results that we found for different
cortisol measures in relation to different health-related variables and somatic and mental conditions.

This review is based on articles published up to October 1, 2009. The analysis of the papers has been done
by sorting the evidence for each variable and condition according to the methods used for different
measures of cortisol: single time points, deviation/slope, Area Under the Curve (AUC) measurements and
laboratory and dexamethasone testing according to standardized schemes. The variables and conditions in
this review comprise demography (age, sex, SES, ethnicity), psychosocial work stress, perceived stress,
psychological resources, biological markers of Cardiovascular Disease (CVD) or inflammation and
hormones, sleep, mental health, and somatic disease (CVD, rheumatoid arthritis, breast cancer, and pain).
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The presentation of the results of significant findings defines positive as an association with higher single
cortisol mean levels, steeper deviation, larger AUC, or greater reactivity in a laboratory stress test and a
higher level of cortisol after dexamethasone suppression. In concordance, negative associations are set as
lower single cortisol mean levels, a less steep deviation, smaller AUC, or lower reactivity in a laboratory
stress test and a lower level of cortisol after dexamethasone suppression.

SUMMARY OF THE RESULTS

The overarching pattern from this review shows a predominance of non-significant findings. For some
measurements and settings, very few or no significant findings seem to arise, or significant findings were
seen but with opposing messages; i.e., high or low levels/deviations for the same variable or condition. In
both cases these results suggest that this measure of biomarker, in these settings, is not informative. The
results are summarized in the present chapter and the implications for choices of methods in different
settings are discussed. In some cases non-significant findings were also common in cases where significant
associations were expected on the basis of general physiology or assumptions. Possible explanations for
these non-significant or noncoherent findings are also discussed in the present chapter.

However, a number of significant findings were also seen, which, after sorting the results according to
comparable measures, did show a coherent pattern in several studies, suggesting that some types of cortisol
measurements seem to be more informative for some types of correlates and conditions and even across
different variables. On the basis of the conclusions from this discussion, some general recommendations are
given for future studies on salivary cortisol as a biomarker in research on stress, health, and disease.

First a short summary of the main findings for each cortisol measure (see Table 1) is given, followed by a
brief summary of the findings for each health-related variable/condition.

Table 1: Overview of the findings in each chapter of the book

Chapter | Content Single time points (or Deviation (difference/slope | AUC Dexamethasone
sum/mean of two/more two or more time points) test
time points)
al [a2 [a3 [a4 [as Jo1 |02 [b3 [bs ol B EE

2 Sex, women vs. men

Total number of |6 6 5 3 1 10 |1 3 8 - 3 1 |- 1 - |1 - |- 1
associations

studied

Total number of 0 3 1 0 1 3 1 1 1 - 1 0 |- 0 - |1 - |- 0
significant

differences

women > men

Proportion of 0 50 |20 |0 100 30 (100 |33 (13 |- 33 (0 |- |0 (- |100 |- |- 0

associations (%)
women > men

Total number of 0 0 0 0 0 0 0 1 4 - 0 0 |- 1 - 10 - |- 1
significant

differences

men > women

Proportion of 0 0 0 0 0 0 0 33 |50 |- 0 (0 |- 100 |- (0 |- |- 100

associations (%)
men > women

2 Age, increasing
Total number of |4 5 5 2 1 5 - 4 2 - 3 |- |- [- |1 - |- 1
associations
studied
Total number of 1 0 2 1 0 0 - 1 2 - 0 o |- |- [-]0 - |- 1

significant positive
associations

Proportion of 25 (0 [40 |50 |0 JoO - 0 100 |- 0 (0 |- |- |- [0 [-[- 100
positive
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associations (%)

Total number of 0 1 0 0 0 1 - 0 0 - 1 o |- |- [-]0 - |- 0
significant
negative

associations

Proportion of 0 20 |0 0 0 20 |- 0 0 - 33 (0 |- |- (-0 |-|- 0
negative
associations (%)

2 SES and ethnicity, high status

Total number of 14 (21 (17 |14 |3 16 |3 14 (7 - 4 1 |- - - |8 1 -12
associations
studied

Total number of 1 5 1 0 0 1 0 9 4 - 0 o |- |- [-]0 1 - 10
significant positive
associations

Proportion of 7 24 |6 0 0 6 0 64 |57 |- 0o |0 [- |- |- |0 100 |- 10
positive
associations (%)

Total number of 0 2 5 6 0 3 0 0 1 - 1 o |- |- [- |3 0 -1
significant
negative
associations

Proportion of 0 10 {29 (43 |0 19 |0 0 14 |- - {0 |- |- |- |38 [0 - 150
negative
associations (%)

3 Psychosocial work stress

Total number of |37 |13 |27 |27 |17 }26 |10 (17 |- - 22 |11 (2 12 {2 (9 |- -1-
associations
studied

Total number of 2 4 3 1 3 5 3 2 - - 3 2 |0 1 0 |0 - - 1-
significant positive
associations

Proportion of 5 30 |11 |3 17 119 (30 |11 |- - 13 (18 |0 |8 0 (0 |- -1-
positive
associations (%)

Total number of |2 2 {2 |0 1 1 1 2 - - 1 1 {0 |0 |0 |0 |- -1-
significant
negative
associations

Proportion of 5 15 |7 0 5 3 0 |11 |- - 4 |9 (0 |0 [0 [0 |- -1-
negative
associations (%)

4 Perceived stress

Total number of - 5 4 2 3 4 - 9 1 - 2 2 |- |- 2 |1 1 |- 1
associations
studied

Total number of |- 0o (o |o |o Jo - 0 0 - 0o [0 |- |- |0 |1 0 |- 1
significant positive
associations

Proportion of - 0 |0 |0 [0 JoO - 0 0 - 0o |0 [- |- [0 [100]|0 |- 100
positive
associations (%)

Total number of |- 0 1 0 0 0 - 2 0 - 1 |- |- 0 |0 0 (- 0
significant
negative
associations

Proportion of - 0 (25 |0 |0 Jo - 22 |0 - 50 (50 |- |- |0 [0 [O |- 0
negative
associations (%)

4 Psychosocial resources

Total number of 3 2 1 3 - 5 - 4 7 - - (- |- 1 (2 1|4 -
associations
studied

Total number of 1 0 0 0 - 0 - 2 0 - - 0o |- |- 0 |0 0 (1 -
significant positive
associations
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Proportion of 33 |0 0 0 - 0 - 50 |0 - - |0 |- |- 0 |0 0 (25 |-
positive
associations (%)

Total number of 0 0 0 0 - 0 - 0 2 - - 0 |- |- 0 |1 0|1 -
significant
negative
associations

Proportion of 33 |0 0 0 |- 0 - 0 28 |- - |0 [- |- [0 [50 |O [25 |-
negative
associations (%)

5 BMI, waist circumference and waist/hip ratio

Total number of 11 15 |6 12 |9 12 |4 16 |6 4 1 7 13 - - |1 - - |-
associations
studied

Total number of 0 0 0 0 2 3 0 1 0 0 0 0|10 |- [- |0 - -1-
significant positive
associations

Proportion of 0 0 0 0 22 |25 |0 6 0 0 0 o0 |- [- |0 |- - 1-
positive
associations (%)

Total number of 0 8 0 0 0 0 4 5 1 0 0 1|3 - |- 10 - - |-
significant
negative
associations

Proportion of 0 53 |0 0 0 0 100 |31 |16 |0 0 141100 |- |- |0 |- -1-
negative
associations (%)

5 Other cardiovascular risk factors *

Total number of 11 129 |6 16 |13 12 |- 16 |15 |8 8 S - |- |- |2 1 - 11
associations
studied

Total number of 0 5 0 1 2 2 - 2 6 2 1 o |- |- [-]0 1 -1
significant positive
associations

Proportion of 0 17 {0 |6 15 117 |- 13 (40 |25 13 [0 |- |- |- |0 100 |- 100
positive
associations (%)

Total number of 0 3 0 1 0 2 - 0 0 1 0 |- |- |- 12 0 - 10
significant
negative

associations

Proportion of 0 10 |0 6 0 16 |- 0 0 13 jo |20|- |- |- [100]|0O - 10
negative
associations (%)

5 Markers related to inflammation

Total number of - 3 2 2 5 - - 2 7 2 2 - |- - - |- 5 2 1-
associations
studied

Total number of - 0 0 1 4 - - 0 0 0 0 - |- |- - |- 0 0l-
significant positive
associations

Proportion of - 0 0 50 |80 |- - 0 0 0 o (- |- |- |- |- |0 0l
positive
associations (%)

Total number of - 1 1 1 0 - - 0 2 0 0 - |- |- - |- 2 ol-
significant
negative

associations

Proportion of - 33 |50 |50 [0 |- - 0 29 {0 o |- 1- |- |- |- 1|40 0o ]-
negative
associations (%)

6 Sleep (negative features such as disturbed sleep)

Total number of 5 6 5 4 3 3 1 5 4 - 2 2 |- - — |- — —1-
associations
studied

Total number of |1 1 1 1 o Jo 0 1 0 - 1 o[- |- |- 1- |- e
significant positive
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associations

Proportion of 20 |16 |20 [25 |0 0 0 20 |0 - 50 |10 |- |- |- |- |- - 1-
positive
associations (%)

=1
=1
=1
(=}
(=}
8]
%)

|
(=}
=1

|

|

|

|

|

|

|

Total number of
significant
negative
associations

Proportion of 20 (0 [0 |0 |0 }Jo 100 (40 |75 |- o |0 |- |- |- |- |- e
negative
associations (%)

6 Sleep (positive features such as sleep quality)

Total number of 12 |15 |3 7 3 9 - 4 4 - 4 51— |- - |- — |- 1
associations
studied

Total number of 5 3 0 0 0 1 - 2 3 - 0 1 |- - - |- — |- 0
significant positive
associations

Proportion of 42 120 |0 0 0 11 |- 50 |75 |- 0 20 - |- - |- — |- 0
positive
associations (%)

Total number of 0 0 0 1 0 3 - 0 0 - 1 ol- |- [-1- |-|- 0
significant
negative

associations

Proportion of 0 0 0 14 |0 33 |- 0 0 - 25 (0 (- |- - |- — |- 0
negative
associations (%)

7 Depression and depressive symptoms

Total number of 6 25 |7 14 |8 4 - 10 |8 - 2 3 |- - - |- - 12 6
associations
studied

Total number of 1 12 |3 6 3 0 - 0 0 - 1 2 (- (- |- 1= |-11 2
significant positive
associations

Proportion of 16 |48 |42 [42 |37 JoO - 0 0 - 50 |66 |- |- |- |- |- |50 ]33
positive
associations (%)

Total number of 1 3 0 0 0 0 - 4 3 - 0 1 |- - - |- - 10 0
significant
negative

associations

Proportion of 16 |12 {0 [0 |0 JoO - 40 (37 |- 0 |33|- |- |- |- |-|0 0
negative
associations (%)

7 Anxiety

Total number of 1 4 1 2 3 2 - 4 5 - - - |- - - |- - |2 -
associations
studied

Total number of 0 2 0 0 0 0 - 2 1 - - |=-1- |- |- 1- |-1|1 -
significant positive
associations

Proportion of 0 50 |0 0 0 0 - 50 |20 |- - - |- — — |- — 150 |-
positive
associations (%)

Total number of |0 0 [0 |0 |0 1 - 1 2 - - |=-1- |- [=1- |-10 -
significant
negative

associations

Proportion of 0 0 [0 |0 |0 }50 |- 25 |40 |- - |- - 1- |- 1= |-10 -
negative
associations (%)

7 Vital exhaustion

Total number of 1 3 2 4 4 6 - 4 2 - - - |- — — |- 1 |- 7
associations
studied
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Total number of 0 0 0 0 0 1 - 0 0 - - |- 1- |- |- |- 0 (- 0
significant positive

associations

Proportion of 0 0 0 0 0 16 |- 0 0 - - |- 1= |- |- |- 10]- 0
positive

associations (%)

Total number of |0 1 0 1 0 1 - 2 1 - - == |- |- |- 10 (- 3
significant
negative

associations

Proportion of 0 33 |0 |25 |0 16 |- 50 |50 |- - =1 1= |- 1= |0[- 42
negative
associations (%)

7 Burnout

Total number of 5 15 |3 4 5 10 |- 6 1 - 2 4 |- |- - |- - |- 4
associations
studied

Total number of 2 3 0 1 2 0 - 0 1 - 0 1 |- — — |- — |- 0
significant positive
associations

Proportion of 40 |20 |0 |25 |40 (O - 0 100 |- 0o (25]- |- |- |- |- |- 0
positive
associations (%)

Total number of 0 5 0 1 0 0 - 0 0 - 0 0o [- |- - |- — |- 1
significant
negative

associations

Proportion of 0 33 |0 25 |0 0 - 0 0 - 0 ol- |- [-1- |-|- 25
negative
associations (%)

8 Pain

Total number of 2 4 3 2 1 7 - 4 1 - - 2 |- 1 — |- — |- 4
associations
studied

Total number of 1 1 1 1 1 1 - 0 0 - - 0 |- |0 - |- |- |- 1
significant positive
associations

Proportion of 50 |25 |33 [50 |100])14 |- 0 0 - - |0 |- |0 |- |- |-1|- 25
positive
associations (%)

Total number of 1 2 {0 (0 |0 |5 - 1 0 - - 1 [- |0 |- |- [|-]- 2
significant
negative

associations

Proportion of 50 |50 |0 0 0 72 |- 25 |0 - - |50 (- |0 |- |- |-|- 50
negative
associations (%)

8 All other somatic disease

Total number of 4 4 2 4 4 8 1 11 |1 - - - |- |- 6 |3 - |- -
associations
studied

Total number of |0 0 0 2 2 2 0 0 1 - - |- 1= |- 110 |- |- —
significant positive
associations

Proportion of 0 0 [0 |50 |50 J25 |oO 0 100 |- - |- 1- |- [16]0 |- [- -
positive
associations (%)

Total number of 0 1 1 0 1 1 1 6 0 - - |- |- |- 0 |0 - |- -
significant
negative
associations

Proportion of 0 25 |50 |0 |20 J12 (100 54 |O - - |- 1= (- [0 ]0 |- [- -
negative
associations (%)

2-8 Total, all chapters
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Total number of 122 |175]199 |[122 |80 J139 |20 |133 (74 |14 |55 |45|5 14 |11 (33 |9 10 |28
associations
studied

Total number of 20 |68 |22 [26 (24 |37 |11 (49 |37 |2 12 |12 |3 |2 1 |10 |4 5 114
significant
associations

Proportion of 16 |38 |22 [21 |30 27 |55 (36 |50 |14 |22 (27|60 |14 (9 (30 |44 |50 |50
significant
associations (%)

Abbreviations: al, awake; a2, morning; a3, midday; a4, evening; a5, all day; bl, morning; b2, midday; b3, morning to evening; b4,
laboratory test reactivity/recovery; c1, morning increase/ground; c2, midday increase/ground; c3, morning to evening increase/ground;
c4, laboratory test increase/ground; d, DST, dexamethasone suppression test.

“Results for HDL cholesterol and heart rate variability have been inverted in this table as low HDL and low heart rate variability is
considered a cardiovascular risk factor.

SUMMARY OF THE RESULTS WITH REGARD TO THE TYPE OF MEASURE (TABLE 1)

In total 1188 analyses were reported. Of these 598 were single measures (50%), 292 were deviation
measures (25%), 130 were AUC measures (11 %), 107 were taken in laboratory tests (9%) and 28 followed
a dexamethasone test (2%). The overall proportion of significant findings was 30%, ranging from 0% to
60% among the different measures.

Single Time Points

The overall proportion of significant findings for single time points was 27%, ranging from 16%
(awakening) to 39% (morning levels).

Awakening

One hundred and twenty-two analyses were found. Overall, the proportion of significant findings (in any
direction) was 16%, which is the lowest proportion amongst the five single time points evaluated. Levels at
awakening seem to be of most relevance for measures of sleep, i.e., sleep duration and overall sleep quality
with a positive association with a single measure at awakening (42% significant). Also, burnout was
positively associated with a single measure at awakening (40% significant). Otherwise only very few
significant findings, or divergent findings were seen.

Morning Value

One hundred and seventy-five analyses were found. The overall proportion of significant findings (in any
direction) was 39%, which is the highest proportion amongst the five single time points evaluated. The
highest consistency for positive associations with morning values was found for depression (52%) and
anxiety (50%). The highest consistency for negative associations with morning values was found for BMI
and waist/hip ratio (53%) and pain (50%).

Midday

Ninety-nine analyses were found for cortisol levels around midday. The overall proportion of significant
findings was 22%. The highest consistency for positive associations with midday values was found for
depression (42%) and increasing age (66%). However, the latter is based on three studies only. None of the
tested variables had clear results for negative associations with cortisol levels at midday.

Evening

One hundred and twenty-two analyses were found. The overall proportion of significant findings was 21%.
The highest consistency for positive associations with evening values was found for depression (42%) and
somatic disease (50%). The highest consistency for negative associations with evening values was found
for high SES (43%).
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Summary Measures Over the Day

Eighty analyses were found. The overall proportion of significant findings was 30%. The highest
consistency for positive associations with all-day means was found for somatic disease (50%), depression
(37%), burnout (40%), and inflammatory markers (80%). However, all these proportions are based on a low
number of studies. In addition, a moderate proportion of significant positive associations (with no negative
associations found in the studies evaluated) were found for BMI (22%).

Deviations

The overall proportion of significant findings was 36%, ranging from 26% (morning deviation/Cortisol
Awakening Response (CAR)) to 55% (midday deviation, including peak and later).

Morning Deviation/CAR

One hundred and thirty-nine analyses were found. Overall, the proportion of significant findings (in any
direction) was 26%, which is the lowest proportion amongst the evaluated deviations. There were no clear
positive relationships between CAR and any of the factors evaluated. The highest consistency for positive
associations with a high morning deviation was found in sex analyses; women had higher CAR than men in
three out of ten studies (30%). The highest consistency for negative associations with CAR was found for
pain (72%), although one analysis suggested that high perceived pain is associated with a higher CAR. In
addition, a moderate proportion of significant negative associations (with no positive associations found in
the studies evaluated) were found for BMI and waist/hip ratio (25%).

Midday Deviation

Twenty analyses were found. Overall, the proportion of significant findings (in any direction) was 55%,
which is the highest proportion amongst the five deviations evaluated. The low number of studies makes it
hard to fully interpret the results. However, the proportion of significant associations is to a large extent
explained by analyses on BMI and waist/hip ratio, where all four out of four analyses showed a negative
relationship, i.e., lower deviation between two time points at midday associated with higher BMI and/or
waist/hip ratio. Thus, there is a high consistency for BMI and waist/hip ratio with regard to midday
deviations. A lower midday deviation was also associated with somatic disease and disturbed sleep, and the
midday deviation was lower among men, but these are all based on single studies and should be interpreted
cautiously.

Diurnal Deviation

One hundred and thirty-three analyses were found. Overall, the proportion of significant findings (in any
direction) was 37%. The highest consistency for positive associations with diurnal deviations was found for
high SES (64%), psychosocial resources (50%) and sleep quality (50%). The highest consistency for
negative associations with diurnal deviations was found for somatic disease (54%) and depression (40%).

Laboratory Stress Test

One hundred and seven analyses were found for cortisol response/reactivity in a laboratory stress test
setting. Overall, the proportion of significant findings (in any direction) was 45%. The highest consistency
for positive associations with a cortisol response was found for sleep quality and sleep duration (75%). The
highest consistency for negative associations with a cortisol response was found for disturbed sleep (75%),
and depression (37%) and inflammatory markers (33%).

There were nine analyses found for cortisol recovery after a laboratory stress test. Overall, the proportion of
significant findings (in any direction) was 44%. The low number of studies makes it hard to fully interpret
the results. Two out of four studies reported that a poorer recovery is associated with higher levels of
inflammatory markers, one out of four studies reported that a poorer recovery is associated with
cardiovascular risk factors (other than BMI and waist/hip ratio).
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AUC

The overall proportion of significant findings was 27%, ranging from 9% (AUC with respect to increase
throughout the day) to 60% (AUC at midday, including peak and later).

AUC Morning/CAR

Fifty-five analyses were found for AUC with respect to increase following awakening. Overall, the
proportion of significant findings (in any direction) was 22%. There are too few studies to evaluate
consistency. The highest proportions of positive associations with AUC with respect to increase were found
for disturbed sleep (50%) and depression (50%). However, both these proportions are based on single
studies and should be interpreted cautiously. The highest proportions of negative associations with AUC
with respect to increase were found for perceived stress (50%) and increased age (33%). Again, all these
proportions are based on single studies and should be interpreted cautiously.

Forty-five analyses were found for AUC with respect to ground following awakening. Overall, the
proportion of significant findings (in any direction) was 27%. There are too few studies to evaluate
consistency. The highest proportions of positive associations with AUC with respect to increase were found
for depression (66%), based on two significant associations. The highest proportions of negative
associations with AUC with respect to ground were found for pain (50%) and perceived stress (50%).
However, these proportions are based on single studies and should be interpreted cautiously.

AUC Midday

Five analyses were found for AUC with respect to increase during the early part of the day. Overall, the
proportion of significant findings (in any direction) was 60%, which is the highest proportion amongst the
AUC measures evaluated. These were fully explained by three analyses on BMI and waist/hip ratio in
which a higher BMI was negatively associated with AUC.

Fourteen analyses were found for AUC with respect to ground during the early part of the day. Overall, the
proportion of significant findings (in any direction) was 14%. The two significant findings were: one where
higher BMI was associated with a lower AUC; and one where psychosocial strain in the work environment
was associated with a higher AUC. In the latter, an additional 11 studies showed non-significant findings.

AUC Throughout the Day

Eleven analyses were found for AUC with respect to increase throughout the day. Overall, the proportion of
significant findings (in any direction) was 9%. The only significant finding of the analyses was a higher
AUC associated with somatic disease. However, there were five additional studies on somatic disease
showing non-significant findings. Twenty-four analyses were found for AUC with respect to ground
throughout the day. Overall, the proportion of significant findings (in any direction) was 25%. The highest
consistency was found for a negative association between high SES and AUC (50%). The other two
significant findings were a negative association between psychosocial resources and AUC (50%), and a
positive association between perceived stress and AUC (100%).

AUC in Laboratory Stress Tests

Nine analyses were found for AUC with respect to increase in laboratory stress tests. Four of them were
significant. The highest consistency was found for inflammatory markers, showing an inverse association
with AUC for salivary cortisol during a stress test (40%).

Ten analyses were found for AUC with respect to ground in laboratory stress tests. Overall, the proportion
of significant findings (in any direction) was 50%. There are too few studies to evaluate consistency.
Positive associations with AUC with respect to ground were found for depression (50%) and anxiety
(50%). Negative associations with AUC with respect to ground were found for high SES (100%).
Psychosocial resources had a study reporting a positive significant association (25%) as well as negative
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significant association (25%). However, all these proportions are based on single studies and should be
interpreted cautiously.

Dexamethasone Suppression Test

Twenty-eight analyses were found for dexamethasone suppression tests. Overall, the proportion of
significant findings (in any direction) was 50%. The highest consistency for positive associations with a
high cortisol level after suppression with dexamethasone was found for depression (33%). The highest
consistency for negative associations with a high cortisol level after suppression with dexamethasone was
found for vital exhaustion (42%). Studies on pain were inconclusive, with one study reporting a positive
association (25%) and two studies reporting a negative association (50%). There are too few studies to
evaluate consistency for the other factors. A positive association with a high cortisol level after suppression
with dexamethasone was found for increased age (100%), perceived stress (100%), and hypertension
(100%). A negative association with a high cortisol level after suppression with dexamethasone was found
for high SES status (50%) and burnout (25%). However, all these proportions are based on a low number of
studies and should be interpreted cautiously.

SUMMARY OF THE RESULTS WITH REGARD TO HEALTH-RELATED VARIABLES AND
CONDITIONS

Demographic Variables (SES, Age, Sex, Ethnicity) and Salivary Cortisol

SES was usually defined in terms of education and/or income. In general, the results indicate that high SES
is associated with a steeper cortisol slope and participants with high SES tend to have slightly lower mean
cortisol levels, mainly due to lower levels in the evening. Health behavior, smoking in particular, seems to
play an important role in this relationship, but a similar pattern with a flatter diurnal rhythm among low
SES individuals has also been found among nonsmokers. This suggests a more normal and healthy cortisol
secretion in individuals with high SES, which is in line with their generally better health and longer life
expectancy compared with individuals with low SES. However, inconsistent and non-significant findings
were also reported. Studies on ethnicity followed a clear trend: Caucasian study populations had a higher
diurnal variation than African American study populations. It is also suggested that Caucasians had higher
diurnal variation than Hispanics, who, in turn, had higher diurnal variation than African Americans. This
ethnicity ladder is in congruence with a translation to a socioeconomic ladder, and give further support to
the findings on SES, emphasizing that a higher status seem to be associated with a higher diurnal variation.

A small increase in cortisol levels during the later part of the day was seen with age, but no consistent sex
differences in cortisol levels or responses were found.

Psychosocial Work Stress and Salivary Cortisol

With regard to work related psychosocial stress, most analyses of the association with salivary cortisol were
found to be non-significant, but some significant positive findings were found between high work stress
exposure and high cortisol levels. No specific cortisol measure or statistical analysis could be related to
more consistent significant findings. Furthermore, the two main measures of work stress, that is, the
demand—control and the effort-reward—imbalance models, did not differ in terms of significant findings in
relation to salivary cortisol. In Chapter 3, a quality index was calculated for each study and it was found
that the more recent studies tended to be of higher quality. However, a finding of concern was that low-
quality studies tended to produce more significant findings than high-quality studies.

Only a limited number of studies has been performed on the possible influence of work stress on deviation
measures, usually CAR. This means that no conclusions can be made regarding the use of such measures
compared with single time point measures. A tentative stress-induced change in the diurnal pattern, in terms
of decreased morning levels and increased evening levels, could lead to inconsistent findings from single
measures of cortisol obtained at different times of the day (e.g., morning vs evening measures) or if a mean
cortisol level is calculated for the whole day.
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Another possible explanations for the relative lack of consistent significant associations between work
stress and single measures of salivary cortisol could be that the stress induced by regular work conditions
was mild, and/or that most occupational groups were relatively homogenous with regard to stress levels
(e.g., by having the same occupation) and, therefore, there was too little variability to reveal possible
associations. In addition, study groups were usually relatively small.

A third conclusion is that the effects of a stressful work environment are not mediated by cortisol, at least
not as measured by saliva cortisol measures.

In summary, the main pattern from this review shows non-significant associations between salivary cortisol
and work stress. This is consistent with previous studies on work stress and cortisol measures based on
urine samples [1-3], which show that routine work conditions are associated with only a small increase or
no increase at all in mean cortisol during the day, whereas another stress hormone, urinary adrenaline, is
consistently increased 50-100% during ordinary work [4]. Only one study has used dexamethasone
administration and found higher suppression in relation to high work stress (defined by low reward, high
burnout, and high vital exhaustion). If vital exhaustion was an important factor in this relationship, this
finding is consistent with results reported for the dexamethasone suppression test above (p. 15).

Perceived Stress, Psychological Resources and Salivary Cortisol

Despite the fact that cortisol is an important stress hormone and known to increase in response to acute
experimental stress, more than half of the studies failed to find a significant association between perceived
stress and salivary cortisol. Furthermore, some of the significant associations found seem to be inconsistent
with general expectations. For example, some studies showed that perceived stress was related to lower
AUC cortisol, especially in the morning. One study found significantly lower cortisol in the afternoon
(single time point) among individuals reporting high perceived stress. One study of the effects of
dexamethasone showed, as expected, less suppression on the Hypothalamo-Pituitary-Adrenal (HPA) axis
(response after awakening) in teachers with high levels of perceived stress. In conclusion, measures based
on the Perceived Stress Scale (PSS) are not consistently related to salivary cortisol. In view of this, it is
important to remember that PSS represents perceived stress during a longer period of time (weeks),
whereas cortisol generally has been measured at a single time point and, thus, reflects a momentary value.

For measures of psychological resources, such as sense of coherence, internal locus of control, mastery, and
self-esteem, many non-significant findings were seen, especially for single time measurements. Also 5/5
associations with CAR were non-significant. However, significant findings were seen for other deviation
measures, but were different depending on the resource measure. High external locus of control and low
levels of a combined measure of self-esteem and locus of control were related to a stronger cortisol
response to a laboratory stress test. High scale scores of sense of coherence and of mastery were related to
significantly lower cortisol baseline levels and two out of three studies on diurnal deviation showed a
significant positive relationship, i.e., steeper deviation related to high mastery. However, no significant
associations were found between self-esteem and cortisol. In conclusion, for measures of psychological
resources, significant findings differed depending on the measure used; there were few significant findings
for single measures and CAR, but there were significant findings in relation to diurnal deviations or
laboratory conditions in terms of reactivity or baseline levels, however not for self-esteem.

Biological Markers and Salivary Cortisol

The chapter on salivary cortisol in relation to a number of other biological markers generated very few
significant associations and, for most markers, no consistent pattern appeared. However, for some markers
there seems to be a consistency, which is also in line with expectations.

As several biomarkers tested do represent different time periods compared with salivary cortisol, strong
correlations with single measures of cortisol cannot be expected. For example, BMI and waist
circumference are measures that are very stable over time, urinary adrenaline and noradrenaline represent
mean measures over a couple of hours, whereas blood pressure and heart rate represent momentary values
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that fluctuate considerably over time. Additional possible explanations for the lack of associations are the
small number of studies performed with each of the biomarkers and the small study samples.

However, among the few significant findings found, higher BMI was related to lower cortisol in the
morning (but not at awakening), higher total measure over the day, to a lower deviation and a lower AUC
around midday. Similarly, higher waist circumference was significantly related to lower deviation in the
daily slope of the cortisol curve in two out of three studies. Results from measurements of waist/hip ratio
showed a similar pattern with lower cortisol level in the early phase of the diurnal cycle among participants
with higher waist/hip ratio. Blood pressure and heart rate responses to a stress test indicate positive
associations with cortisol deviation, whereas a negative association was found for heart rate variability.
Total cholesterol, triglycerides, and glucose levels did not show any consistent association with any cortisol
measure.

Thus, the response pattern for variables characterizing the metabolic syndrome (high BMI, abdominal fat
accumulation, efc.) indicates a less dynamic activity of the HPA axis. Compared with single measures of
blood pressure and heart rate, cardiovascular reactivity seems more associated with cortisol secretion under
experimental stress. Low heart rate variability is a risk factor for cardiovascular disorders and tended to be
associated with higher increase in cortisol levels.

With regard to inflammatory markers, there were fewer significant associations than expected, but the
associations found were in line with the immunosuppressive function of cortisol. A couple of studies
reported that a higher capability to react with cortisol secretion on a stress test and a good capability to
recover after a stress test are associated with lower levels of inflammatory markers [5-7]. This, in
combination with the reported positive association between a higher cortisol output throughout the day and
interleukin-6 [8], are in line with earlier research on the role of cortisol in immunoregulation in studies on
patient populations [9, 10]. Fanatidis et al. [9] have proposed that “inappropriately normal” cortisol levels
due to limited capability to respond with increased cortisol levels may not be sufficient to limit an ongoing
inflammation. Raison and Miller [10] describe a situation “when not enough is too much”, with increased
levels of cortisol due to downregulation of receptors on target cells, making the glucocorticoid signaling in
immunoregulation insufficient.

The number of studies on salivary cortisol and plasma catecholamines is low. Adrenaline and noradrenaline
cannot (so far) be measured reliably in saliva. Also, the stress response in terms of catecholamine secretion
is more rapid (less than a minute after exposure) than the cortisol response (3040 min to reach a peak after
stress exposure). Moreover, studies using urinary levels of catecholamines and cortisol collected over a
longer time adjacent to a laboratory stress test indicate only moderate positive correlations in response to
stress [11,12], and it is suggested that there is sometimes a dissociation of the activation of these two
systems [13,14]. In line with this, earlier studies on laboratory stress testing have demonstrated that long-
term stress affects immunologic but not cardiovascular responsiveness to acute stress in humans [15] and
Schommer et al. [16] found a dissociation between reactivity of the HPA axis and the sympathetic adrenal
medullary system to repeated psychosocial stress. As noted earlier and in line with CATS (positive
outcome expectancies), the HPA axis seems to deactivate quickly to normal repeated stress exposure,
whereas the sympathetic nervous system continues to respond.

In summary, the number of well-controlled studies found on the relationship between salivary cortisol and
other stress hormones and inflammatory markers is low. Although cortisol is known to be involved in many
central biological processes of importance for health and disease, more studies are needed on other stress
hormones and inflammatory markers to fully elucidate the feasibility and usefulness of salivary cortisol in
that context.

Sleep and Salivary Cortisol

Surprisingly few studies have been performed on sleep and salivary cortisol and the measures of sleep vary
considerably. The most consistent finding from the present review was a positive association between sleep
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duration and a single measure of salivary cortisol at awakening. Sleep duration also tended to be associated
with low evening cortisol levels, and self-reported sleep quality was positively correlated with cortisol in
the morning. Disturbed sleep tended to be associated with higher cortisol over the day and a more flat
diurnal cortisol pattern. The general pattern from these studies indicates that a more dynamic cortisol
response (high morning and low evening levels) is positively related to sleep quality. However, as time of
awakening usually was not controlled, it is possible that individuals who occasionally are sleeping longer
get up later and, therefore, have a higher cortisol level, due to the typical morning increase, but a
consistently later wakeup should not influence the cortisol morning response.

Because sleep in terms of quality and quantity is such an important prerequisite for long-term health and for
protection against stressful conditions, the conclusion from this chapter is that more specific studies on
different indicators of sleep quality and amount of sleep in relation to salivary cortisol, controlled for time
of wake up, are badly needed. Reduced sleep to less than 6 hours per night is known to have important
metabolic consequences and increase the risk of health problems such as type 2 diabetes, increased
susceptibility to infections [17], and musculoskeletal disorders [18]. Cortisol is likely to play an important
role in these relationships but the results from the present review on sleep deprivation and salivary cortisol
were inconsistent.

Mental Health and Salivary Cortisol

A large proportion of non-significant findings were seen for measures of mental health. Some consistency
is seen for Major Depressive Disorder (MDD), mainly higher mean levels. The results regarding single
measures and depressive mood are less consistent, but the overall picture for depression shows poorer
diurnal deviation and response to stress.

Inconsistency among papers studying depression seems to be related mainly to the study population, with
stronger effects for more depressed individuals. A recent review study [19] showing a link between depression
and HPA hyperactivity, but with great variation across patient groups, is in line with the present findings.

A recent study based on 408 population-based midlife women investigated the relationship between a
measure of depressive symptoms and salivary cortisol obtained at 18:00 h, 21:00 h, and immediately on
awakening the next morning [20]. It was found that the diurnal cortisol slope was significantly flatter for
women with high depressive scores than for less depressed women, after adjustment for a number of
possible confounders, except sleep. A flatter curve for individuals with higher depressive scores is
consistent with the studies reviewed in Chapter 7, but according to Knight ez a/. [20] their finding is mainly
based on lower morning cortisol levels among women with more depressive symptoms rather than
increased evening levels. This group of women represents individuals with relatively mild symptoms and
very few individuals were suffering from MDD.

Anxiety was related to cortisol levels only in studies comparing groups with high versus low anxiety, but
not when anxiety scores were treated as a continuous variable. However, very few significant findings were
found for anxiety, and findings from different studies, and across different measures used, were not
consistent. Thus, saliva cortisol does not seem to be strongly related to anxiety.

The proportion of significant relationships (in any direction) among the six articles studying Vital
Exhaustion (VE) using the Maastricht Questionnaire was 2/14 (14%) for single measures, 3/7 (42%) for
deviation measures, 0/1 study using AUC measures. Chapter 7 also indicates that VE was related to poor
cortisol response to stress and/or a flatter diurnal deviation and to higher suppression after dexamethasone
administration. Most of the statistical analyses do not show a significant relationship between burnout and
cortisol, and when these are present, the results are inconsistent. One explanation seems to be the measures
of burnout used, probably due to the different conceptual basis for burnout. VE measured using the
Maastricht Questionnaire seems to be related to a poorer cortisol response to stress and poorer diurnal
deviation. The coexistence of burnout and VE in many studies does make it difficult to conclude how the
different concepts are related to cortisol.
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A seemingly contradictory result arises between depression and vital exhaustion. Despite often being intra-
correlated to a high extent, depression is positively correlated and vital exhaustion negatively correlated
with high levels of cortisol after suppression with dexamethasone. It is reported that the higher cortisol
values due to nonsuppression in depressed subjects is explained by a small proportion of the subjects. For
most subjects, cortisol levels are suppressed by dexamethasone administration, even in the depressed
groups. However, the differences might pinpoint a physiologic difference amongst depressed patients,
where some patients with clinical depression exhibit generally higher cortisol levels throughout the day and
an insufficient feedback on cortisol secretion. Vital exhaustion, on the other hand, is associated with lower
levels throughout the day, and a prolonged suppression after dexamethasone administration. In view of
these findings, it is of interest to note that Lindeberg et al. (2008) found a flatter diurnal cortisol curve
(smaller deviation between morning peak and evening values) related to more exhaustion measured by the
inverted SF-36 vitality scale [21].

A general conclusion for all mental health measures is that a large proportion of non-significant findings are
due to low power and few sampling days combined with low contrasts between study groups and within study
populations. Generally, deviation measures such as diurnal deviation seem to be more valid measures compared
with single measures to capture possible changes in the HPA axis measured using salivary cortisol.

Somatic Disease and Salivary Cortisol

Few studies were found for somatic disease, however, among these a rather high proportion showed
significant findings.

Salivary cortisol was related to CVD, breast cancer, Rheumatoid Arthritis (RA), and pain syndromes but, again,
many non-significant findings appeared. The main pattern for CVD was associations with low morning and
high evening cortisol and a flat diurnal curve and low stress reactivity. With regard to breast cancer, a similar
pattern of associations was found, that is, high evening cortisol and low diurnal variation, however only for
breast cancer patients with metastases. RA patients, especially those with high disease activity, were found to
be characterized by higher evening levels of cortisol. Pain conditions were more inconclusive for single time
points, but tended to be associated with high midday and evening levels, low CAR, and low diurnal variation in
cortisol.

In conclusion, a low diurnal variation in cortisol seems to be the most typical finding in relation to somatic
disease.

The present review was limited to the somatic diseases described above. However, cortisol is assumed to
play an important role also in many other somatic diseases. For example, Cohen ef al. [22] have shown that
individuals with high cortisol reactivity to experimental stress are more susceptible to upper respiratory
illness when exposed to stressful life events.

METHODOLOGICAL DISCUSSION

The most important aim of the present review was to investigate if inconsistent results from different
studies could be explained by different theoretical assumptions or by different ways to obtain and
statistically analyse cortisol measures (single values, deviations, AUC, with samples either collected in a
natural setting with ambulatory sampling or in laboratory stress tests). From the pattern in each chapter in
this book, it was not possible to detect any consistent differences in results depending on the type of
measure or theoretical assumption, generally due to insufficient number of studies for each type of measure.
A predominant finding in each chapter, except for MDD, was that associations investigated between
salivary cortisol and other variables were non-significant. Most studies are based on single time point
cortisol measures and relatively few on more dynamic measures, such as slope of the curve, AUC, or on
repeated measures over several days or reactivity and recovery of cortisol activity in response to acute
stress exposure or dexamethasone administration. This makes it difficult to find consistent patterns and
make conclusions regarding the feasibility of these different methods.
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However, combining results across methods and over the different chapters, the overall pattern of findings
indicates a trend. Although less clear for work stress, deviation measures of cortisol, such as diurnal
pattern, seem to reveal somewhat stronger and more consistent associations than single time point
measures. This was seen for SES, psychological resources, biological markers, including overweight and
abdominal fat accumulation, sleep, and mental and somatic disorders.

Thus, a pattern that seems fairly consistent is that high exposure (low SES), low psychological resources,
poor sleep, and various mental and somatic disorders are associated with a flatter diurnal cortisol curve. In
most cases this is due to attenuated morning and increased evening cortisol, but in terms of major
depression, increased cortisol levels were also found in the morning (but not at awakening). A flatter
diurnal curve or reduced slope over the day is generally considered to indicate a dysregulation of the HPA
axis. In view of the two stress models presented in the introduction, this is consistent with the assumption
that certain long-term stress conditions, characterized by helplessness and hopelessness according to CATS
due to negative outcome expectancies, and chronic or repeated stress according to the Allostatic Load
Model, initiate/reflect pathologic biological processes.

For some measures and some settings, few significant results were seen, but when seen the results were
inconclusive. This was the case for most of the single time measures but also for several other measures.
This was especially the case for awakening cortisol, and most of the single cortisol levels for all health
measures except for major depression and sleep duration. These measures, therefore, do not seem to be
informative biomarkers. For some measures, e.g., the PSS scale and for work stress, few significant
findings were seen.

A non-significant finding does not necessarily mean that no association exists. Methodological
shortcomings can in some cases explain the lack of significant findings. Many studies were performed with
single time point cortisol measures and samples of less than 50 individuals, which after taking sex,
differences in stress levels, various confounders, and subgroups into consideration, often become too small
to reveal possible differences even if they exist. Low statistical power also increases the risk of significant
chance findings and, consequently, inconsistent results.

A major weakness of many studies included in this review is the low statistical power. In view of the great
natural variability in cortisol levels during the day, between different days, and between individuals, a large
number of measurements and individuals are necessary to be able to demonstrate associations that may
exist but are of low effect size.

In most cases just a few or a single cortisol measure has been obtained, usually on one single day. Because
of the large day-to-day variation of cortisol, measures from more than one day are needed for good
reliability of the measure. This is also the case for good validity, when the research question is about the
ability to respond and relax, in general, among people with chronic mental health conditions, such as
depression, anxiety, burnout, psychological resources (sense of coherence, locus of control), or in relation
to demographic variables. It seems likely that a more successful approach would be to relate these
conditions to cortisol levels measured on several occasions over several days or weeks or in response to
acute stress under carefully controlled conditions. As an example, the study by Cohen et al. [23] revealed
small but significant differences in mean cortisol levels measured over several days in relation different
levels of SES defined by education and income. An alternative approach to study possible associations
between cortisol and stable conditions could be the use of urinary cortisol, which can be measured more
easily by collecting urine over longer periods of time. However, such mean measures do not reveal
information about the dynamics of the HPA axis.

In addition, strict control of confounders and compliance (e.g., time of sampling) among participants is of
critical importance for valid findings. As shown in the tables, many studies were performed without proper
control of important confounders and of compliance and, in some cases, the possible influence of these
factors was not even discussed. Some confounders are more important than others. For example,
demographic factors such as age and even sex seem to have little or moderate influence on the relation
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between cortisol and other variables, whereas other factors such as time of the day, medication and
cigarette smoking may have more pronounced effects.

A particular problem is the compliance among participants when obtaining a saliva sample at awakening,
when experimenter control is very unusual and difficult to arrange. Even small variations in the time of
saliva sampling in relation to wake up cause large variations in cortisol levels, which may produce
misleading results. This may be one reason for the inclusive results from CAR measures.

The comparability of study groups is also important, and comorbidity, which is very common in many
disorders, may cause different results in different studies depending on the composition of the patient
group. Somatic disease often causes mental disorders and mental disorders may cause somatic symptoms,
which could make conclusions regarding associations with specific conditions unclear. For example, in
Chapter 8 it was found that patients with coronary artery disease differed in cortisol levels depending on
their amount of depression. Lack of control of certain forms of medication may also contribute to
inconsistent findings among patient groups.

Severity of the condition could also be of importance as indicated by the somewhat different results
reported in Chapter 7 between cortisol and depressive symptoms versus major clinical depression. Also the
duration of the condition could be of importance. Possible associations with the HPA axis of certain mental
and physical health conditions may vary over an early and a late phase of a disease. It has been
hypothesized that under certain stressful conditions the HPA axis first responds with overactivity (hyper-
responsiveness) which gradually changes to underactivity (hypo-responsiveness), depending on changes in
regulatory mechanisms (e.g., increased or decreased receptor expression or number of receptors) [24], but
empirical evidence for this assumption is weak. Theoretically, if several mental conditions are characterized
by a gradual change in HPA activity from hyper- to hypoactivity, studies based on patients who have
suffered from their condition longer or shorter periods of time are expected to give different results. If
patients with different levels of chronicity with regard to their conditions are mixed in the same study, non-
significant findings would be expected.

Comparisons within too homogeneous populations are also unlikely to reveal significant findings. Weak
positive or most often non-significant associations were found between psychosocial work stress and
cortisol levels (Chapter 3). As these measures are well known to predict cardiovascular and other disease,
these results could be surprising. A possible explanation could be the characteristics of the study
populations in terms of healthy worker effects. According to the CATS model, ordinary workers have
positive expectancies about their ability to handle their daily work demands. This is assumed to initially
induce a short-term (phasic) activation of the HPA axis, followed by a rapid return to baseline and
successive reduction in the stress response with repeated exposure to the same conditions. This represents a
normal, healthy, and economic response pattern, as also suggested by the Allostatic Load Model as well as
the adaptation stage of Selye’s GAS. This means that the investigations on single individuals who continue
to respond (chronic strain) to repeated work stress, who do not respond at all, or are unable to relax in the
afternoon, may be of particular interest in order to identify work conditions that may cause health problems.

Many of the studies were not designed for investigating correlations between salivary cortisol and other
biological or psychological variables. The design of the study was in these cases aimed at other purposes,
which may explain the low statistical power for the analyses of interest for the present review. This means
that the general conditions for investigating the relationships with salivary cortisol were not optimal in
these studies.

An additional important factor to consider in this context is the possibility of publication bias. Studies
showing significant findings are assumed to be more likely to be published compared with studies showing
non-significant findings. This would mean that the actual number of non-significant findings could be even
greater than found in the present review. However, in several cases the correlations reported in this review
were only one part of studies with other aims and, therefore, the non-significant findings did not influence
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the decision to publish very much. Nevertheless, it is likely that even more non-significant results would
have been obtained if unpublished studies had also been included in this review.

It is important to see that our method of comparing studies is pragmatic, and, to a large extent, the results
are mainly dependent on significant findings and the direction of the results. The number of participants
varies considerably between studies and, in a few cases, one single study was based on more participants
than all other studies investigating the same association added together. An example is the Whitehall II
study by Steptoe et al. [8] with 2873 participants. This means that one single study could outweigh all the
others and makes a simple calculation of the number of significant findings in relation to the number of
non-significant findings misleading. However, the way in which data are handled is also of importance. In
the Whitehall study average cortisol levels were calculated from awakening to bedtime and, thus, do not
reflect changes in diurnal pattern. For example, the same mean level could be obtained by high morning
and low evening levels as by low morning and high evening levels. A steep curve represents a normal
healthy diurnal secretion of cortisol, whereas a flatter curve indicates a dysregulation of the HPA axis.
Thus, even a study based on a large number of participants may suffer from other weaknesses and,
therefore, may not be more informative than smaller studies. Additional weaknesses in large studies could
be lack of sufficient variation in the variables investigated, too few cortisol measurements, or insufficient
control of confounders.

CONCLUDING COMMENTS AND RECOMMENDATIONS

Despite several shortcomings mentioned above, some general conclusions and recommendations for future
studies can be made. The overall conclusion is that the studies reviewed in this book show very few
significant associations between salivary cortisol and the psychological and biological variables and health
conditions investigated. The significant associations found were not very strong but, assuming that
publication bias was not a major issue, certain associations between salivary cortisol and health-related
conditions seem to exist. A pattern that emerges when summarizing the findings from all chapters is that
mental and somatic disorders tend to be associated with a rather flat diurnal cortisol curve, which was due
to (except for major depression) lower cortisol levels in the morning and increased levels in the evening.
These conditions, including depression, also tended to be associated with an attenuated cortisol response to
stress exposure and in the few cases with the dexamethasone stress test, a lack of suppression of HPA
activity (except for vital exhaustion). Psychological resources including high SES, on the other hand, seem
to be associated with a steeper diurnal cortisol curve and in a few cases lower mean cortisol levels.

In order to use salivary cortisol as a biomarker of psychological conditions and mental and somatic health
and in relation to other biological variables, it is concluded that single absolute levels are usually not very
informative. Repeated measurements over several days, where means and measures of deviation/slope over
the day can be obtained, and large groups of participants, are necessary to investigate these relationships in
view of the great natural variability in cortisol levels during and between days and between individuals. For
some associations, mean levels of cortisol can be relevant, but in most cases the dynamic properties of the
HPA axis are likely to be more important, except perhaps for CAR.

For example, the diurnal slope measured over two or more days and the response to a stress test or
dexamethasone administration are recommended as more useful measures of the dynamic function of the
HPA axis. In addition, strict control of relevant confounders and compliance (e.g., time of sampling) among
participants is of critical importance for valid findings. As shown in the tables, many studies were
performed without proper control of important confounders and of compliance and, in some cases, the
possible influence of these factors was not even discussed. A particular problem is the compliance among
participants when obtaining a saliva sample on awakening, when experimenter control is very unusual and
difficult to arrange. Even if the participant reports that he or she took the sample immediately on
awakening, it is known that a large proportion of the participants deviated considerably in their time of
saliva sampling.
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As indicated by this review, many of the associations calculated between salivary cortisol and other
variables were not part of the main aim of the study, but rather the result of secondary analyses. In future
studies, the design of studies aimed at investigating the association between salivary cortisol and stress,
mental and somatic disorders and health-related biological variables should be based on established
theoretical formulations such as CATS and Allostatic Load and be optimal with regard to the possibilities
to accept or reject the hypotheses regarding the associations of interest. This includes sufficient number of
participants to give enough statistical power, strict control over possible confounders and compliance
among participants, and repeated measurements at specific hours of the day and, when relevant, measures
of responsiveness and recovery of activity in the HPA axis during and after stress exposure and/or use of
the dexamethasone suppression test.

Other important points to consider are that when patient groups are compared with healthy controls,
patients should be diagnosed with reliable instruments and be rather homogeneous with regard to
medication and how long they have had their symptoms.When studying the association between salivary
cortisol and mental and somatic disease, the severity and duration of the condition could be of importance
for the findings. Another problem is comorbidity, which is very common in many disorders, and which
may cause different results in different studies depending on the composition of the patient group. Lack of
control of certain forms of medication may also contribute to inconsistent findings among patient groups.

Investigations of the possible effects of different levels of work stress on cortisol secretion should be
performed with individuals exposed to a great variety of stress levels and not with a homogeneous group of
workers at a specific work place (having the same work tasks).

As pointed out in the introduction of this book, salivary cortisol is a very convenient measure and,
therefore, has been used extensively. This could easily lead to misuse of this measure. The surprisingly
great number of non-significant findings reported cannot be ignored and indicates that many of the
associations investigated in this review do not exist or are very weak. However, lack of significant findings
and misleading results could in some cases also be due to lack of control over a number of factors important
for adequate testing of the hypotheses. It is obvious that the use of salivary cortisol as a biomarker of stress
and health is more complicated than first assumed and, therefore, these associations need to be investigated
under more optimal and carefully controlled conditions and be based on established theoretical models
before valid conclusions can be drawn. However, this measure could be a very important tool in further
understanding the links between stress, health and disease.
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