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CHAPTER 1

Dynamics of mood and
cortisol in depression:
Introduction



5] CHAPTER 1

During the last year of my training as a resident in psychiatry, 1 was involved in
treating outpatients with the same kind of severe psychiatric disorders that I had mer
in clinical facilities during my first years as a resident. Whart struck me most, was that
the stories of the patients were so different. Where inpatients told about their symp-
toms and complaints without much referral to a context, the ourpatients provided
vivid stories abour their symptoms in reciprocal relationship to their surroundings.
These were stories of people living in a house with partners and children, stories of
people interacring with family and friends, stories of people who were doing ordinary
and sometimes extraordinary things; just stories from people who, sometimes
successfully and sometimes unsuccessfully, tried to make the best of their lives. To
me, it was a clear and illustrative lesson that symproms like feeling depressed are
dynamic and, at least to some extent, a result of the interaction berween individual
and environment.

Carrying out this research project brought back some of the astonishment thar I
experienced as a resident; despite the enormous amount of research in the field of
mood disorders, only few studies appeared to have been carried out while subjects
were in their natural environment. This dissertation presents results from a study into
the dynamics of mood and cortisol in the daily life of depressed individuals. The in-
troduction provides a short description of major depressive disorder, which is fol-
lowed by a general theoretical background, a description of aims and methods of the
study, and an outline of the disserration.

MAJOR DEPRESSIVE DISORDER

Fluctuations in mood are a normal phenomenon in individual daily experience.
Many individuals also experience more pervasive episodes in which mood is low and
life seems less worthwhile. Such episodes can often be ascribed to particular circum-
stances, and may be understood as adaptive and meaningful reactions of the indi-
vidual in interaction with the environment (Nesse, 2000). Although people often
refer to such experiences as “feeling depressed,” these episodes do not fulfill criteria
for what, in clinical psychology and psychiatry, is classified as major depressive
disorder (MDD). The diagnostic criteria for MDD in the DSM-TV (APA, 1994),
nowadays the most influential psychiatric classification system, include depressed
mood and/or the loss of interest and pleasure in nearly all activities. In addition to
these essential features, alterations in appetite, sleep disturbances, psychomotor
changes, fatigue and decreased energy, feelings of worthlessness, impaired ability to
think, and thoughts of death are considered to be characteristic symptoms. For a
diagnosis of an episode of MDD, one of the essential features together with at least
four additional symptoms have to be present most of the day, nearly every day, for at



INTRODUCTION | 9

least two weeks. The episode must be accompanied by significant distress or impair-
ment in important areas of functioning. An episode of MDD has nothing to do with
“having a bad time” and should not be considered as something one just has to pull
through. It is a serious psychiatric disorder with a great burden on the patient, the
immediate social nerwork, and society (Wells er al., 1992). Driven by personal expe-
rience, several authors have published outstanding portrayals of MDD in recent years
(Styron, 1990; Karp, 1996; Solomon, 2001), which illustrate the severity of the
disorder, its impacr on daily life, and complexities involving its treatment.

MDD is a common psychiatric disorder, with a 12-month prevalence of 5.8% in
the Netherlands (Bijl, 1997). Epidemiological studies have shown that the prevalence
of MDD in women is between 1.5 and 3 times higher than in men; the causes of this
difference are still not well understood (Cyranowski et al., 2000; Kessler, 2000).
MDD was traditionally considered to be a disorder that manifests itself primarily in
single episodes, but recent epidemiological studies have shown that recurrences are a
very common phenomenon (Judd, 1997; Solomon et al., 2000), and that substantial
numbers of patients experience extended periods with subsyndromal symptoms, in
which daily functioning is still impaired (Keller, 1994; Judd et al., 2000).

MAJOR DEPRESSIVE DISORDER, THE ENVIRONMENT AND THE
HYPOTHALAMIC-PITUITARY-ADRENAL AXIS

MDD is currently considered to be a heterogenous mood disorder, with a wide range
of biological, psychological, and environmental factors that are known to be of etio-
logical importance. In daily clinical practice, the role of stressful environmental
factors in the etiology of MDD has long been acknowledged. Epidemiological studies
in the last decades have firmly established this role of the environmeng; severe life
events and chronic difficulties contribute to development and course of MDD
(Brown & Harris, 1978; Brown & Harris, 1989; Jeneway & Paykel, 1997). These
environmental factors may interact with pre-existing genetic and developmental
vulnerabilities, leading to episodes of MDD (Kendler et al., 1993; Meyer et al.,
2001). Edological models have become increasingly complex, as (1) processes that
modify and mediate these interactions are not well understood (Bolger &
Zuckerman, 1995; Kessler, 1997; Kaufman et al., 2000; Meyer eral., 2001), and (2)
vulnerability to develop episodes of MDD appears to be dynamic in time (Kendler e
al., 2000, 2001; Ormel er al., 2001).

In addition to epidemiological studies of stress-disorder relationships, animal
models (Sapolsky, 1996; Willner, 1997) and biological challenge paradigms (Thase
& Howland, 1995) have been developed to investigate possible (patho)physiological
mechanisms involved in responses of the organism to the environment. The hypotha-
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Figure 1.  Muain elements, regulation and feedback mechanisms of the hypothalamic-pituitary-adrenal
axis (adapted from McQuade & Youg, 2000)

lamic-pituitary-adrenal (HPA) axis is the most important neuroendocrine system in-
volved in responses to stress; it is activated by major life events and traumatic experi-
ences (Rahe et al., 1990; Cruess et al., 1995; Yehuda, 1997). Recently, it has been
shown that minor daily stressors are also capable of activating this system (M. van Eck
et al.,, 1996; Smyth er al., 1998).

The HPA axis consists of elements of the hypothalamus, pituitary, and adrenal
cortex and includes many feedback loops at various levels (see Figure 1). Neurons in
the paraventricular nucleus of the hypothalamus release corticotropin-releasing hor-
mone (CRH) and vasopressin (VP) in response to stress, which migrate to the pitu-
itary portal system. In the pituitary, CRH and VP stimulare both synthesis and re-
lease of adrenocorticotropin (ACTH) into the systemic circulation.

ACTH promotes the release of cortisol from the adrenal cortex. Corrisol, in some
sense the final product of the HPA axis, has numerous actions which are important
for adaption to an acute challenge. Complex feedback loops are involved in maintain-
ing homeostasis in the HPA axis. Negative feedback derives mainly from the release of
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cortisol, which inhibits CRH release. Because cortisol can be secreted within a wide
concentration range and inappropriate secretory activity may have deleterious effects
on all rarger organs (including the brain), fine-tuned homeostatis is critical. Excessive
levels of CRH and cortisol result in anxiety, changes in appetite and sleep,
psychomortor disturbances, cognitive disturbances, and lowered mood (Van Londen
et al., 1998; Holsboer, 2001).

Currently, dysfunction of the HPA axis is thought ro play a role in both etiology
and pathophysiology of MDD (Arborelius etal., 1999; Holsboer, 2000). Abnormal-
ities at all levels of the axis have been described, including abnormalities in cortisol
levels and patterns of cortisol secretion over time (Sachar etal., 1973; Halbreich et al.,
1985; Linkowski eral., 1985; Pfohletal., 1985; Mortolaetal., 1987; APA task force,
1987; Yehuda et al., 1993; Trestman etal., 1995; Deuschle et al., 1997; Rybakowski
& Twardowska, 1999). Diminished corticosteroid receptor sensitivity, becoming
functionally apparent in circumstances where the HPA axis is highly activated for a
longer period of time, is thought to underlie these abnormalities (Holsboer, 2000,
2001), although clinical evidence is equivocal (Harris et al., 2000; Scrickland et al.,
2002).

Beyond its theoretical importance, HPA dysregulation has significant clinical im-
plications in MDD. There is growing support for the hypothesis that contemporary
antidepressants exert their primary influence via the HPA axis (Holsboer & Barden,
1996; Holsboer, 2000). Moreover, drugs that specifically target HPA function, for
example by inhibiting cortisol biosynthesis or antagonizing CRH receptors, show
clear antidepressant efficacy (Wolkowirz et al., 1999; McQuade & Young, 2000;
Zobel et al., 2000). There is also some evidence that depressed patients with elevated
HPA activity, compared to those with normal HPA activity, are more likely to benefit
from pharmaceutical interventions than from cognitive behavioral therapy (Thase et
al., 1996). Most HPA abnormalities appear to be state features of current depression,
which disappear following successful treatment (Linkowski et al., 1987; Holsboer,
1995). However, the persistence of HPA abnormalities in treated patients, even those
who show clinical improvement, is associated with a higher risk of relapse (Greden et
al., 1983: Zobel er al., 1999).

[t is important to note that most research into secretory patterns of cortisol in
MDD has been done in inpatient-dominated samples, which raises questions about
the generalizability of findings to the outpatient majority of patients with MDD, In
fact, studies in adult or adolescent outpatient or community populations have pro-
vided little evidence of hypercortisolism (Dahl et al., 1991; Maes et al., 1994;
Goodyer et al., 1996; Yehuda et al., 1996; Strickland et al., 1998; Scott et al., 1999;
Michael et al., 2000; Posener et al., 2000; Strickland et al., 2002). Other aspects of
cortisol secretion in the daily life of outpatients have not been studied.
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As already indicated, altered responsivity of the HPA axis to stress is thought to be
an important element of the link berween environment and biological abnormalities
in MDD. To date, normal or blunted cortisol responses to experimental stress in
MDD have been reported (Breier et al., 1988; Trestman et al., 1991; Croes et al.,
1993; Gotthardt et al., 1995; Heim et al., 2000; Kudoh er al., 2000; Young et al.,
2000). However, it is not clear whether responses to experimental stressors provide a
valid representation of the affective and neuroendocrine processes that occur in indi-
viduals reacting to stressors in their daily lives. Studies that have addressed this issue
in healthy subjects reported non-significant correlations between cortisol responses
to laboratory tasks and cortisol responses to stressful events in the field (Houtman &
Bakker, 1987; Lundberg et al., 1990; van Eck eral., 1996). If abnormal HPA axis re-
sponses to stress are indeed involved in the pathophysiology of MDD, they should
also manifest themselves in everyday life. Therefore, the most direct test for the exis-
tence of abnormal HPA axis responsivity in MDD is the study of stress responses in

the everyday environment.

MOOD, DAILY EVENTS AND THE HPA AXIS

In contrast to commonly used unidimensional measures of mood (e.g., from “very
depressed” to “very happy”), investigations of the dimensionality of mood have
provided evidence for the existence of relatively independent negative and positive
affective states (Diener & Emmons, 1984; Watson er al., 1999). The dimension of
negative affect (NA) represents the extent to which individuals experience feelings
such as nervousness, tension, irritation, and guilt. Positive affect (PA) reflects the level
of pleasurable engagement with one’s environment, characterized by feelings such as
enthusiasm, interest, and satisfaction. Previous studies have shown that the sympto-
matic phase of an episode of major depressive disorder (MDD) is characterized by
high levels of NA and, more specifically, low levels of PA (Clark et al., 1990; Jolly et
al., 1994; Watson et al., 1995).

Negative daily events are followed by increases in negative affect (NA) and de-
creases in positive affect (PA) (van Eck er al., 1998; Marco et al., 1999; Gable et al.,
2000). In particular, increases in NA in response ro daily minor events are known ro
lead to higher cortisol levels (van Eck etal., 1996; Smyth et al., 1998; Buchanan et al.,
1999). Positive daily events are associated with lower NA and higher PA {Clark &
Watson, 1988; David et al., 1997; Gable eral., 2000). Evidence for effects of positive
events on cortisol secretion is equivocal. Previous research reported decreases (Berk et
al., 1989; Huberr & de Jong-Meyer, 1989), increases (Brown et al., 1993) or no
changes (Huberr & de Jong-Meyer, 1991a, 1991b; Clark et al., 2001) in cortisol lev-
els following experimental induction of positive mood. Effects of positive daily events
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on cortiso] have never been studied. Such knowledge is clinically potentially relevant,
given suggestions that positive events and subsequent mood changes may acr as a
buffer against the damaging effects of HPA axis abnormalities that resule from
chronic stress and MDD (Sapolsky, 1996; McEwen, 1998).

Previous studies in depressed subjects have shown a strong positive association be-
tween depressed mood and frequency of negative daily events (Lewinsohn, 1975;
Lewinsohn 8 Amenson, 1978; Grosscup & Lewinsohn, 1980; Ravindran et al.,
1995). However, these studies relied on retrospective methods such as end-of-day di-
aries, which are vulnerable to several sources of bias (Tourangeau, 2000). Mulriple
measurements of mood and events in the flow of daily life reduce these sources of bias
and additionally allow the investigation of changes in mood states following daily
negative and positive events. Given the mediating role of mood in cortisol responses
to daily stressors, such a research approach, combined with cortisol measurements,
may also contribute to our knowledge of how interactions berween depressed individ-
uals and daily environmental demands contribute to neuroendocrine abnormalities
of MDD.

Mulriple mood measurements may also provide a betver knowledge of daily pat-
terns of mood states in MDD. To date, two aspects of basal mood patterns in MDD
have been studied. Firstly, diurnal variation in mood (e.g., morning worse) is thought
to be a common and clinically relevant phenomenon in depressed subjects, especially
evident in those meeting criteria for melancholic subtype (Haug & Wirz-Justice,
1993; APA, 1994). Knowledge abour diurnal variation in daily life is scarce because
all studies were carried out in inpatient facilities (Haug & Fahndrich, 1990; Cowdry
et al., 1991; Gordijn et al., 1994; Wefelmeyer & Kuhs, 1996). Secondly, previous
work has produced conflicting evidence on the variability of mood during and be-
rween days in depressed subjects (Eastwood et al., 1985; Cowdry eral., 1991; Hall et
al., 1991; Wefelmeyer & Kuhs, 1996; Golier et al., 2001). However, these studies
were also carried out in inpatient facilities and based on either frequent measurements
during one day or a few measurements on each of several days. Mood variability in
daily life has never been studied in MDD. A major drawback shared by these previous
studies was their reliance on unidimensional mood scales, typically asking the sub-
jects to rate their current mood ranging from “worst ever felt” to “best ever felt.” Such

ratings do not caprure the different aspects of NA and PA that may blend together in
some fashion to produce unidimensional judgements of mood. Moreover, PA is
known to have a clear diurnal rhythm in healthy individuals; NA, in contrast, is fairly
constant throughout the day. The diurnal rhythm of and variability in NA and PA in

MDD have never been studied.
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FCHAPTER 1

AIMS AND METHODS OF THE STUDY

Briefly summarized, not much is known about parterns of mood states and cortisol
secretion, and the relationship berween daily events, mood, and determinants of
neuroendocrine dysregulation in depressed patients in their natural environment. By
addressing these topics in currently depressed and healthy individuals, the present
study was designed to fill some gaps in the theoretical models linking stress to MDD,
with the use of methods suited for studying individuals in their daily lives. Additio-
nally, a laboratory stress test (a speech task) was included, to examine the association
between stress responses in the laborarory and in daily life.

The study addressed five main topics; (1) parterns of mood states, (2) cortisol se-
cretory patterns, (3) reactivity of mood states to daily events, (4) cortisol responses to
daily events, and (5) a comparison of cortisol responses to experimental stress with
cortisol responses following daily life stress.

The Experience Sampling Methodology (ESM; Csikszentmihalyi & Larson,
1987; deVries, 1992) was used to assess chmcal]y depressed outpatients and a com-
parison group of healthy individuals in their daily environment. ESM has been
shown to be a valid and reliable technique for the simultaneous assessment of mood,
behaviors, cognition and various health outcomes in people’s natural environment
(Delespaul, 1995; van Eck et al., 1996; van Eck et al., 1998; Marco et al., 1999;
Affleck er al., 2000; Swendsen et al, 2000; Myin-Germeys et al, 2001;
Barge-Schaapveld & Nicolson, 2002). All participants received auditory signals
(beeps) from a wristwatch programmed to emit 10 beeps between 7:30 a.m. and
10:30 p.m. each day, at semi-random intervals of approximately 90 minutes. After re-
ceiving a beep, participants completed self-report forms concerning currrent activi-
ties and mood stares, and were asked to describe and appraise briefly any positive
and/or negative event that may have taken place since the last ESM report. Partici-
pants completed ESM reports for 6 consecutive days, including a weeckend. While
completing the self-report forms, participants collected saliva samples for cortisol de-
termination. Salivary cortisol is a reliable indicator of the free cortisol in plasma,
which is considered to be the biologically active hormone (Kirschbaum &
Hellhammer, 1994). In addition to information on differences between subjects (e.g.,
magnitude of mood responses following minor daily events}, the repeated multiple
measurements also provide the opportunity to study remporally unfolding abnor-
malities in regulatory systems within subjects (e.g., diurnal patterns in mood). Stais-
tical analysis relied heavily on hierarchical linear analysis, which is a variant of the
multiple regression model (Snijders & Bosker, 1999). This type of analysis is highly
appropriate for datasets with a multilevel scructure. In ESM data, three different lev-
els (beep, day, and person) can be distinguished.
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OUTLINE OF THIS DISSERTATION

Chapter 2 addresses daily patterns and inter- and intraindividual variability in NA
and PA in the depressed and healthy subjects. Furthermore, associations between
duration and quality of sleep, clinical characteristics, and mood states are examined.

Chapter 3 examines differences between depressed and healthy subjects in basal
cortisol levels and cortisol secretory patterns over time, while controlling for extrane-
ous influences. Associations berween cortisol secretion and clinical characteristics in
the depressed group are also tested.

Chapter 4 describes changes in mood states following negative and positive daily
events. First, differences in frequency of events in daily life are examined, followed by
differences in mood reactivity between the groups. Event appraisals are investigated
for their possible differential effects on mood states. Finally, associations between
clinical characteristics and mood reactivity in depressed subjects are examined.

Chapter 5 examines differences in cortisol responses following negative and posi-
tive events for depressed and healthy subjects. Furthermore, we assess whether
cortisol responses are mediated by mood responses. Finally, we examine the influence
of clinical characteristics in the depressed group on patterns of cortisol reactivicy.

Chaprter 6 describes the cortisol responses to the laboratory stress test in the same
groups. The main objective of this chapter is to examine the correlations between lab-
oratory and daily life cortisol measures, in particular the generalizability of responses
to stress in the laboratory to those occurring in daily life.

Chapter 7 summarizes and discusses the main research findings, and attempts o
integrate the results into a general framework. Finally, directions for furure studies are
outlined.

JUCTION |15
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ABSTRACT

Changes in mood are common within episodes of major depressive disorder (MDD).
Previous studies of mood changes have relied on a unidimensional concept of mood.
However, research into the dimensionality of mood has provided evidence for the
existence of two relatively independent mood states; negative affect (NA) and positive
affect (PA). The aim of the present study was to determine whether daily levels and
inter- and intraindividual variability of NA and PA in depressed ourpatients differed
from healthy individuals.

Dara were collected using the Experience Sampling Method. Multiple mood
measurements were obtained over a G-day period from 47 outpatients with MDD
and 39 healthy subjects in their everyday environment. We used multilevel regression
analysis, controlling for the effects of self-reported daily events, to test for differences
in daily levels and inter- and intraindividual variability in NA and PA berween the
tWOo groups.

NA levels were higher and more variable, whereas PA levels were lower in the de-
pressed subjects in comparison to healthy subjects. NA levels showed a (slight) de-
cline throughout the day in both groups. The pattern of diurnal variation in PA in de-
pressed subjects included an increasing function with an inverted U-shape. Daily PA
levels in healthy subjects included an inverted U-shape only.

Depressed outpatients show clear differences from healthy individuals in mood
states. Distinguishing two dimensions of mood and characterising diurnal patterns
through multiple measurements in the daily environment appears to be a useful addi-
tion to other methods used in research on affective processes in psychiatric disorders.

INTRODUCTION

Changes in mood within an episode of major depressive disorder (MDD) are well
acknowledged (APA, 1994). To date, diurnal variation (e.g., morning worse) and
abnormalities in the moment-to-moment variability of mood have been examined in
MDD. Diurnal variation (DV) is a common phenomenon in many depressed
subjects, but is not present every day within an episode of MDD (Stallone er al.,
1973; Tolle & Goetze, 1987; Haug & Fahndrich, 1990; Leibenluft et al., 1992;
Gordijn et al., 1994; Wefelmeyer & Kuhs, 1996). Although incorporated in formal
criteria, DV does not appear to be specific for melancholic subtype of MDD
(Letbenlufr et al., 1992). DV is clinically relevant because it has been shown to be a
predictor for response to biological treatments like sleep deprivation (Reinink et al.,
1993: Gordijn et al., 1994) and pharmacotherapy (Carpenter et al., 1986). Vari-
ability of mood in MDD has been examined as changes in mood within and between
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days. Results of previous studies into mood variabilicy in MDD are equivocal, as they
indicate both lower (Cowdry et al., 1991; Wefelmeyer & Kuhs, 1996; Golier et al.,
2001) and higher (Eastwood et al., 1985; Hall et al., 1991) variability in comparison
to other diagnostic groups and healthy subjects.

A drawback shared by the vast majority of these previous mood studies in MDD is
their reliance on a unidimensional mood concepr (for example by using a visual ana-
log scale ranging from “worst ever felt” to “best ever felt”). Investigations of the
dimensionality of mood, however, have provided evidence for the existence of rela-
tively independent negative and positive affective states (Diener & Emmons, 1984;
Cacioppo et al., 1999; Watson et al., 1999). The dimension of negative affect (NA)
represents the extent to which individuals experience feelings such as nervousness,
tension, irritation, and guilt. Positive affect (PA) reflects the level of pleasurable en-
gagement with one’s environment, characterised by feelings such as enthusiasm, in-
rerest, and satisfaction.

NA and PA are considered to represent the affective elements of two
biobehavioral, evolutionarily adaptive systems that mediate withdrawal and goal-di-
rected behaviors. The main function of the withdrawal system, also called behavioral
inhibidion system (BIS; Taylor, 1991; Kring & Bachorowski, 1999; Watson et al.,
1999; Davidson et al., 2002), is to help organisms respond to threatening and
aversive stimuli. NA levels remain low and constant throughout the day in the ab-
sence of threat or danger, are reactive to (potential) threat or danger, and are not in-
fluenced by endogenous rhythms (Watson et al., 1999). PA represents the affective
component of what is referred to as the behavioral facilitation system (BES; Depue et
al., 1994; Tomarken & Keener, 1998; Depue & Collins, 1999; Watson et al., 1999;
Miller & Tomarken, 2001). The basic function of the BES is to direct organisms “to-
wards situations and experiences that potentially may yield pleasure and reward”
(Watson, 2000 page 24). PA levels show a diurnal pattern, with increases in the
morning and decreases in the evening (Clark et al., 1989; Wood & Magnello, 1992;
Watson et al., 1999). This diurnal pattern, considered as daytime activation of the
BES, can be seen as functionally adaptive, because during the day rewards are likely
and risks are low. Levels of PA have been linked with the circadian rhythm in body
Wartson et al., 1999; Boivin, 2000). An episode of MDD is characterised by high lev-
elsof NA and, more specifically, low levels of PA (Clark er al., 1990; Jolly etal., 1994;
Watson et al., 1995). However, nothing is known abour levels and variability of NA
and PA during the day in depressed individuals.

The current study was therefore designed to examine patterns of NA and PA in
clinically depressed and healthy individuals. We used the Experience Sampling
Methodology (ESM; Csikszentmihalyi & Larson, 1987; deVries, 1992), which al-

lows for multiple measurements of self-reported mood in the natural flow of daily life.
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Based on previous studies (Clark ecal., 1990; Jolly er al., 1994; Warson etal., 1995),
we expected higher NA and lower PA levels in depressed subjects in comparison to
healthy subjects. Using multilevel regression, we tested for differences in levels in NA
and PA during the day between the two groups of subjects. Given thar associations
between sleep and mood have been reported in both depressed and healthy individu-
als (Boivin eral., 1997; Riemann etal., 2001}, the effects of sleep duration and subjec-
tive sleep quality on mood states the following day were examined. We also rested dif-
ferences in inter- and intraindividual variability of mood states in depressed and
healthy subjects. Finally, we examined the association berween within-day mood
variability and severity and duration of the current episode in the depressed group.
Because negative and positive daily events are known to influence momentary levels
of NA and PA (van Eck et al., 1998; Marco et al., 1999; Gable et al., 2000; Peeters et
al., in press), the multilevel analysis was carried out while controlling for the effects of

self-reported daily events.

METHOD
Subject recruitment and selection

Forty-seven subjects diagnosed with MDD were recruited among individuals seeking
treatment at the communiry mental health centre and the outpatient clinic of the
local psychiatric hospital in Maastricht, the Netherlands. The main inclusion
criterium was a primary diagnosis of MDD, as assessed with the Structured Clinical
Interview for DSM-IV (SCID; First er al., 1995) by a research psychiatrist (F.P.).
Information on length of the current depressive episode and family history for mood
disorders was also obrained during this interview. Entry was restricted to individuals
between 18-65 years of age with a 17-irem Hamilton Depression Rating Scale
(HDRS; Hamilton, 1967) score of > 18, indicating at least moderare severity of
MDD. Exclusion criteria were current substance abuse, psychotic symptoms (both
assessed with the SCID), and insufficient fluency in Dutch. None of the subjects was
using antidepressants, but use of low-dose anxiolytic drugs (which applied 1o eight
subjects) was allowed during the study. All depressed subjects complered the Beck
Depression [nventory (BDI; Beck er al., 1961).

Thirty-nine healthy subjects, matched as a group to the parient sample for gender
and age, were recruited from available research pools, academic staff, and through an
advertisement in a local newspaper. Additional exclusion criteria for the healthy sub-
jects were a lifetime history of any DSM-[V axis-1 disorder, or any inpatient treat-
ment for an Axis [ psychiatric disorder in a first-degree relative.
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The study was approved by the local medical ethics committee, and written in-
formed consent was obtained from all subjects.

Procedure

ESM was used to collect data from subjects at selected moments during their daily
activities. Subjects received auditory signals (beeps) from a wriscwatch programmed
to emit 10 beeps between 7:30 a.m. and 10:30 p.m. each day, at semi-random inter-
vals of approximately 90 minurtes. After receiving a beep, subjects completed
self-report forms concerning current mood, negarive and positive events, and their
appraisals. Every day, subjects noted at what time they had fallen asleep the previous
evening and awakened in the morning. Furthermore, they rated subjective sleep
quality on a 7-point scale (1 = very poor, 7 = very good). Subjects completed ESM
reports for 6 consecutive days, including a weekend. During a briefing session, study
aims and procedures were explained. In a final session, the ESM booklets were
checked for legibility and missing data.

Compliance with the procedure was generally good. The criteria ser for inclusion
in the analyses (more than 20 ESM reports completed within 25 minures after the
programmed time of the beep) were met by all but one subject (from the depressed
group), who was excluded from the analysis. Subjects included in the analyses com-
pleted an average of 85% of all possible responses within the time limit, resulting in
an average number of valid responses of 50.7 per subject. Mean number of valid re-
sponses was somewhat higher in the healthy than in the depressed group, 53.2 vs.

48.6; t (84) = 3.3, p = .003.
Mood assessment.

Momentary mood states were assessed with 16 adjectives rated on 7-point scales (1 =
notatall, 7 = very). Factor analyses (principal components analysis with varimax rota-
tion) on mean scores aggregated per subjectand on within-subject z-scores both iden-

tified two mood factors with eigenvalues greater than 1. These factors accounted for
81.1% of the rotal variance in subject mean scores and 46.1% of the variance in
within-subject z scores. Ratings on the items anxions, irritated, restless, tense, guilty,
irritable, easily distracted, and agitated were averaged to form a NA scale (Cronbach’s
alpha = .91 based on all 4535 ESM reports; item loadings on factor 1 ranged berween
.66 and .88, loadings on factor 2 berween -.16 and -.40). Ratings on the items ener-
getic, enthusiastic, happy, cheerful, talkative, strong, satisfied, and self-assured were aver-
aged to form a PA scale (alpha = .95; item loadings on factor 1 between -.08 and -.42,
loadings on factor 2 berween .73 and .92). The average NA level (aggregared over
subject means) was 1.3 (s.d. = 0.3) in healthy subjectsand 2.9 (s.d. = 0.9) in depressed
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subjects. Average PA levels were 4.5 (s.d. = 0.9) and 2.1 (s.d. = 0.7} for healthy and
depressed subjects, respectively. Correlations between NA and PA, based on raw
data, werer=-.19, p <.001 for depressed and r = -.33, p <.001 for healthy subjects.

Daily events.

Ar each beep, subjects were asked briefly to describe any positive and/or negarive
event that may have taken place since the last ESM report. Although subjects were
instructed to report only events or situations that actually took place in their daily
environment in the preceding interval, some event reports clearly referred to internal
states only (e.g., current ruminations about past events, personal health concerns).
Following pre-established criteria, the research team identified such internal events
by consensus. Reports of internal events were not used in the analysis to avoid
confounding of event and mood measures.

Statistical analysis.

For the examination of the diurnal patrterns of NA and PA, we applied a multilevel
analysis using the program MLwiN (Goldstein et al., 1998). The multilevel model is
a variant of multiple regression appropriate when the data have a nested structure. In
this study, we have three levels of nesting: the beep level at which the ESM observa-
tions are taken, the day level, and the person level. For each model (NA and PA), we
fitted separate quadracic diurnal curves for the mood scores of the depressed subjects
and healthy controls. We further examined the effects on mood states of DS (dura-
tion of sleep in minutes), SQ (sleep quality), and WK (weekend day = 1, week day =
0}, while controlling for the variables BDI (severity of depression, coded 0 for healthy
controls), DCE {duration current episode, coded 0 for healthy controls), PosE (1 ifa
positive event was reported, otherwise 0), and NegE (1 if a negative event was
reported, otherwise 0).

At the beep level, the i~th mood score at day j of subject £ with group status s is
modeled as

Mood jjks = P os + B 15 Time jjis + B 25 TimeSq jjks + P 36 DS jjks + B 4s SQ jjks
+ P as Wiy + B os WK™ Time jjis + B7s BDLjjis + B gs DCE jji
+ P o5 PosE jjks + B 10s NegE jjics + 1ijis -

Separate regression coefficients B o, . .., B 105 are specified for the depressed subjects
(s= 1) and the healthy controls (s = 0). The diurnal pattern of subject & is characterised
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by the intercept Bgs which represents the average mood level, the linear time effect
Bis and the quadratic time effect Bajjis. The covariates Time, DS, SQ, BDI, and
DCE are centered around the grand mean, and time-square vector TimeSq is centred
around the grand mean and around Time.

The residual error 7 jji; can be decomposed in three rerms:

Fijks = € 3ks * € 2jks ¥ ¢ Lijks -

The residual e 3xs is a person-level deviation from the average mood score, the residual
€ 2jks 15 2 day-level deviation from the person’s average mood score, and ¢ (jjks is
beep-level residual. The contribution of each of these three residuals to the total varia-
tion in the data is expressed by the relative magnitude of the variances var (e 3¢}, var (¢
2jks)» and var (e 1ijks)- A relatively large person-level variance, for instance, indicates
that average mood varies strongly from one person to another. The residuals contain a
group status index s, since the size of the residuals may be different for the depressed
subjects and the healthy controls. We further allowed consecutive beep-level resid-
uals to be (auto)correlated and assumed that the correlation decreases exponentially
with the length of the interval between consecutive sampling points.

We tested whether the regression coefficients Bog , . . ., Bsos Poi» - - - » Bs1 are dif-
ferent from zero by dividing the estimated effect by its standard error. This ratio is ap-
proximately normally distributed. We also tested whether the regression coefficients
are different for depressed versus healthy subjects, i.e., whether the differences By -
Bots - --» Pt - Peo are significantly larger or smaller than zero. Two-tailed tests were
used even when hypotheses were directional. Significance levels were set at alpha =
.05. The likelihood ratio (LR) test (Bryk & Raudenbush, 1992) was used to test for
significance of the variances of the residuals and for significant differences between
variances for the depressed and control groups. Finally, we applied the LR test to ex-
amine whether the beep level variance is dependent on the covariates BDI, DCE, DE,

and SQ.

RESULTS

The final sample consisted of 46 depressed (26 women) and 39 healthy (20 women)
subjects. Mean scores for the depressed group on the BDI (28.4; s.d. = 9.8) and
HDRS (23.9;5.d. = 3.9) indicate moderate depression severity. Mean duration of the

current depressive episode was 20.3 months (range: 2-118). Self-reported sleep
quality (averaged over 6 days for each subject) was lower in depressed than in healthy

subjects (depressed: 4.0, s.d. = 1.4 versus healthy: 5.7,5.d. = 0.8; 1= 6.45,df = 83, p <

29
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.001). Average duration of sleep was similar in the two groups (depressed: 429
minutes, s.d. = 81 vs. healthy: 442, s.d. = 48; t = .86, df = 82, p = .39).

In order to visualise the differences in daily patterns of NA and PA, we first
standarised the mood scores for each subject to eliminate between-subject variance.
Figures 1A and 1B show the resulting average standarised within-subject scores for
NA and PA in the depressed and healthy groups over the course of the day.

We present the results of the multilevel analyses for NA and PA separately in table
formar for depressed and healthy subjects; the last column shows differences between
both groups.

Negative affect

Results for NA are shown in Table 1. Depressed subjects experienced higher levels of
NA than healthy subjects (see [ntercept). NA was further elevated in more severely
depressed subjects (BDI) and subjects with longer duration of the current episode.
The diurnal pattern of NA scores in depressed subjects included a quadratic compo-
nent {(maximum NA during the late morning), whereas the diurnal pattern of NA in
healthy subjects was largely linear (effect of Time? was not significant). Both groups
showed a significant decrease in NA levels over the course of the day (see Figures 1A

Table 1. Multilevel estimates of influences on Negative Affect (NA)

MDD Healthy __ Difference

Intercept 2.804 ((127) 1.350 (.052) 1.454 (L137) ***
BDI 025 (013) * o —

Duration current episode 014 (.006) * — —_—

Time - 016 (006) ** -.008 (.003) ** =008 (007

Time? =006 (.001) = -.001 (L.O01) =005 (001)
Duration of sleep 0220019 2001 L01s) -, 021 (.024)

Sleep quality <028 {.0106) - 033 (L016) * -.005 (.023)

Note. Theanalysis is based upon 4306 observations nesved within 510 days, within 85 subjects. * p <03,
p < 01,7 p <001

Table 2. NA variance components in the multilevel model

B ‘ MDD Healthy
Person level 678 085
Day level 019 018
Beep level 538 176
Toral variance ’ 1.235 279

Note. All variance estimates arc statstically significant, p < .01, likelthood ratio test (Bryk 8
Raudenbush, 1992).
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and 1B). Sleep duration the previous night did not influence NA levels in either
group, whereas higher self-reported sleep quality was associated with lower NA levels
in the healthy group only. We also tested whether NA levels differed for week versus
weekend days. During the weekend, NA levels were lower in both the depressed (3 =
161, s.e. = 0.048, z = 3.35, p < .001) and in the healthy group (B = -.098, s.c. =
0.032,z = 3.06, p < .01).

To test the intra- and interindividual variability of NA in the groups, we estimated
variances of the multilevel model before addition of independent variables (Table 2).
NA was less constant in the depressed group. The significant difference (LR rest; p <
.0001) berween the two groups in person level variance indicares greater heterogene-
ity in average NA levels among subjects in the depressed group. The larger beep level
variance (LR test; p < .0001) in depressed subjects indicates larger variability in NA
from moment-to-moment in the depressed group. The difference between the de-
pressed and healthy group in day level variability was notsignificant (LR test; p > .05).
Lower sleep quality, but not sleep duration, was associated with greater beep-level
variability in both healthy (B =.022, s.e. = .005, z = 4.40, p < .001), and depressed
subjects (f = .043,s.e.=.009,2=5.0, p <.001). We also tested for the contribution of
clinical characteristics (severity and duration of the current episode) in the depressed
group to beep level variability. Only higher BDI scores were associated with increased
beep level variability ( p = .009, s.e. = .002, z = 4.50, p < .001).

We also examined the contributions of person, day and beep level variance com-
ponents to total variance, to assess the relative importance of interindividual (person
level) and intraindividual (day and beep level) variability in NA. Based on the values
in Table 2, person level variance in the depressed group represented 55% of the rotal
variance; day level 1%; and beep level, 44%. In the control group, the distribution of
variance components was 30% art the person level, 6% at the day level, and 63% at the
beep level. Thus, there was substantial intraindividual (beep level) as well as
interindividual (person level) variability in NA in both groups.

Positive affect

Results for PA are shown in Table 3. The average PA level was lower in depressed than
in healthy subjects, with more severely depressed subjects and those with longer
current episodes having even lower levels.

The pattern of diurnal variation in PA in depressed subjects included a positive
linear and a negative quadratic component, indicating an increasing function with an
inverted U-shape (see Figure 1A). In contrast, daily PA levels in healthy subjects in-
cluded a negative quadratic component only (see Figure 1B). Sleep duration and
quality were nor associated with PA in either group. During the weekend, PA re-
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B MDD Healehy Difference
Intercept 2.065 (.089) 4502 (.149) 2.437 (174) =
BDI -.031 (.009) *** — —
Duration current episode - 008 (.004) ¥ — —
Time 020 (.006) *** 001 (003) 019 (L008)
Time? - 006 (.001) “*=* <009 (L001) **= 003 (.001) **
Duration of sleep - 006 (.018) -.034 (.025) 028 (031
Slecp quality 021 (016) 022 {,026) 001 (030
Nute The analysis is based upon 4306 observations nested within 510 days, within 85 subjects. p < .05,

Hp< 0L p< 001

Table 4. PA variance components in the multilevel model

B MDD Healthy
Person level 310 809
Day level 017 153
Beep level 402 385
Total variance 729 1.247

Note. All variance estimates are statistically significant, p < .01, likelihood ratio rest (Bryk &
Raudenbush, 1992).

mained at its weekday level in the healthy group (f =-.031, s.e. = .055, n.s.), but was
increased in the depressed group (B = .099, s.e. =.046, z = 2.15, p < .05).

To test the intra- and interindividual variability of PA, we estimated variances of
the multilevel model before addition of independent variables (Table 4). The smaller
person level variance in depressed subjects is evidence for relatively low heterogeneiry
in average PA levels among depressed subjects (LR test; p =.004). Variances at the day
level (LR test; p = .08) and at the beep level (LR test; p = .37) were similar in both
groups. Duration of the current episode (f = .002, s.c. = .0003, z = 5.45, p < .001),
but not depression severity, was associated with reduced beep level variance in the de-
pressed group.

Based on the dara in Table 4, we also calculared contributions of the chree levels to
total variance in the two groups. In the depressed group, person level variance repre-
sented 42% of total variance, day 3%, and beep level 55%. The distribution of vari-
ance components in the healthy group was 65% ar the person level, 4% ar the day
level, and 31% at the beep level. As for NA, there was substantial inter- and
intraindividual variability in PA in both groups.
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DISCUSSION

The present study compared patrerns of NA and PA in depressed and healthy
subjects, based on real-time self-reports during everyday life. Mood in MDD is char-
acterised by low levels of PA and high, fluctuaring levels of NA. This finding has face
validity, when one considers major symptoms of MDD; PA represents the affective
component of anhedonia, whereas NA is the affective representation of fluctuating
general distress and anxiery (Clark et al., 1994). In contrast, we found thatr mood in
healthy subjects was characterised by high PA, together with low and more stable NA.
In both groups, NA levels decreased slightly, in a linear fashion, throughout the day.
NA levels showed a peak in the middle of the day in depressed subjects only. Consis-
tent with previous reports (Clark et al., 1989; Thayer, 1989; Wood & Magnello,
1992; Warson et al., 1999), we found evidence for a circadian cycle in PA over the
course of the day. A linear increase in PA throughout the day was present only in the
depressed group.

We found few associations between sleep variables and mood states in the de-
pressed group; only poor sleep quality, however, was associated with greater
beep-level variability in NA. Itis known that rapid improvement in sleep quality fol-
lowing initial trearment of MDD with benzodiazepines or melatonin can lead to de-
creases in subjective distress, but not to clinical remission (Birkenhager er al., 1995;
Dolberg et al., 1998; Dalton etal., 2000). Our results may help to explain the lack of
antidepressive properties of these agents in depression treatment, as they probably
help to lower NA variability, but do little or nothing to increase low PA levels typi-
cally observed in MDD.

As this is, to our knowledge, the first study of diurnal patterns of NA and PA in
MDD in the natural environment, questions arise concerning the underlying sources
of differences in mood patterns and variability berween depressed and healchy sub-
jects. Firstly, the low levels of PA and high, fluctuating levels of NA in MDD fit well
with neurobiological evidence for low BFS and high BIS activation in MDD (Warson
et al., 1999; Dreverts, 2001; Naranjo et al., 2001; Davidson et al., 2002). Secondly,
given the observed changes in both mood states over the course of the day, it is likely
that positive DV of mood in MDD reflects to a large extent increases in PA and to a
lesser extent decreases in NA. The finding of a change in the diurnal temporal pattern
in PAin depressed subjects adds to evidence for disrupred circadian rhythms in other
fearures of MDD, such as body-temperature (Barbini er al., 1998; van Londen et al.,
2001) and sleep (Boivin, 2000; Riemann et al., 2001). Thirdly, it remains possible
that unmeasured environmental factors influenced mood states. In the depressed
group, we found higher PA and lower NA in the weekend, which suggests that factors
such as more frequent contact with family or friends and/or changes in daily activities
may have influenced mood states. It is likewise possible that the abserved daily in-
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crease in PA in MDD comes about through similar environmental factors, racher
than through an intrinsic disturbance in mood regulation. The relative coneributions
of endogenous and exogenous factors to mood dysregulation should be examined in
furure studies.

The resules of the current study have implications for existing conceptualisations
and furure research on mood in MDD. Firstly, previous studies have reported that
depressed and healthy subjects cannot reliably assess the presence of DV in mood ret-
rospectively (Stallone etal., 1973; Tolle & Goetze, 1987; Haug & Fahndrich, 1990;
Leibenluft et al., 1992; Gordijn et al., 1994; Wefelmeyer & Kuhs, 1996). The
intraindividual variability in both NA and PA in the current sample underscores the
complexities underlying such retrospective mood judgements. Secondly, although
DV is generally considered to be a specific characteristicof MDD, it can also be found
in patients with other psychiatric disorders (Fahndrich & Haug, 1989) as well as in
healthy individuals (Kuhs et al., 1989; Wood & Magnello, 1992; Wefelmeyer &
Kuhs, 1996). Qur results indicate that measurement of DV within a unidimensional
mood concept may obscure meaningful differences in the dynamics of NA and PA
that may prove useful in discriminating different diagnostic groups (e.g., MDD, bor-
detline personality disorder, schizophrenia) from each other and healthy individuals.
Thirdly, the application of a unidimensional mood concept may have contributed to
the conflicting results of previous studies into mood variability in MDD (Eastwood
etal., 1985; Cowdryetal., 1991; Hall etal., 1991; Wefelmeyer & Kuhs, 1996; Golier
etal., 2001). The current results suggest that variability of unidimensional mood rat-
ings is highly influenced, but in unknown ways, by the considerable inter- and
intraindividual variability in NA and PA that we found in both groups. This would
call for the use of reliable dimensional mood scales in psychiatric research. Further-
more, we found associations between clinical characteristics, sleep quality, and mo-
ment-to-moment variability in mood states, which suggest that sample characreris-
tics also may have contributed to previous conflicting results. Finally, it has been
postulated that the presence of mood lability in a depressed patient may be a good
predictor of clinical response to various types of treatment (Haug & Wirz-Justice,
1993; Reinink et al, 1993; Gordijn et al., 1994; Wirz-Justice & Van den
Hootdakker, 1999). Future studies should test whether intra-individual variabilicy of
NA and PA in depressed subjects is related to treatment response.

Finally, a few limitations of this study should be noted. Firstly, mood scales are
vulnerable to floor and ceiling effects. In the healthy comparison group, NA scores
were skewed toward low levels, which may have constrained variability. Secondly,
even though the current analysis controlled for effects of self-reported daily events
(Peeters et al., in press) and weekday/weekend effects on mood, the possibility re-
mains that other environmental factors may have influenced the results. Activities
and locations, for example, appear to influence mood (Stone et al., 1996); depressed



16 | CHAPTER 2

and healthy subjects provided mood ratings over a range of daily contexts, which
makes the results less vulnerable to these influences than findings based on single
point assessments. In the past, some authors have called for rigorous control of envi-
ronmental influences (e.g., constant routine protocols) in mood regulation studies
(Hall et al., 1991; Haug & Wirz-Justice, 1993). Although such approaches may
standarise location, activities, and interpersonal contacts, internal factors like rumi-
nation cannot be controlled; these may have an even greater influence on mood when
research designs isolate subjects from their daily contexts. The aggregation of multi-
ple mood measurements across a variety of daily life settings should therefore be con-
sidered as an useful and ecologically valid addition to other methods in mood re-
search.
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ABSTRACT

Dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis is an important
feature of major depressive disorder (MDD), but relatively little atrention has been
given to variability of hormone secretion over time. Because most studies have been
conducted in hospital settings, little information abour naturally occurring partrerns
of cortisol secretion throughout the day in depressed ourpatients is available.
Multiple salivary cortisol samples were obtained over a 6-day period from 47 outpa-
tients with MDD and 39 healthy controls in their everyday environment. We used
multilevel regression analysis to estimate the effects of MDD and associated clinical
characteristics on cortisol levels and intraindividual variability. Although more severe
symproms were associared with small elevations in cortisol levels, we found no clear
evidence for hypercortisolism in MDD outpatients. MDD was characrerized by a
more erratic pattern of basal cortisol secretion, especially in patients with more severe
or recurrent episodes. A chaotic pattern of cortisol secretion may be a more central
feature of HPA axis dysregulation than elevated levels, especially in MDD outpatient

populations.

INTRODUCTION

Dystunction of the hypothalamic-pituitary-adrenal (HPA) axis is thought to play a
role in the etiology of major depressive disorder (MDD) (Arborelius et al., 1999;
Holsboer, 2000). For several decades, studies have reported abnormalities in cortisol
secretion. Inaddition to elevated cortisol levels (Halbreich et al., 1985a; Linkowski et
al., 1985; Mortola eral., 1987; Pfohl eral., 1985; Sachar et al., 1973; Trestman et al.,
1995; Yehuda er al,, 1993), disturbances in the temporal pattern of secretion have
been observed, including a flattened circadian curve (Deuschle er al., 1997), a reduc-
tion in the length of the nocturnal quiescent period (Halbreich et al., 1985b), an
eatlier nadir (Linkowski er al., 1985; Pfohl et al., 1985), and changes in the duration
(Mortolaeral., 1987), amplitude (Linkowski et al., 1985), and frequency of pulsatile
episodes (Deuschle et al., 1997; Halbreich et al., 1985b). These findings provide
evidence that normal periodicities in HPA acrivity are disturbed, one of the criteria
for a dysregulated biological system, as formulated by Siever and Davis (Siever &
Davis, 1985). Another criterion, erratic basal output, has rarely been investigared in
depression. One study that used ch ronobiological methods to characterize patterns of
basal cortisol release did find more random fluctuations in MDD than in PTSD or
normal control groups (Yehuda er al., 1996).

Although HPA dysfunction is considered to be a core feature of MDD, only about
50% of inpartients show abnormalities in measures such as overall hypersecretion and
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DST non-suppression (Rush etal., 1996; Thase & Howland, 1995). Clinical charac-
teristics may explain some of the variability. Studies have reported relarionships be-
rween HPA abnormalities and severity (Nelson & Davis, 1997), endogenicity (Rush
eral., 1996), psychotic features (Nelson 8 Davis, 1997; Posener et al., 2000), anxiery
(Sachar et al., 1973; van Praag, 1996), length of the current depressive episode
(Posener et al, 2000), and number of previous episodes (Rybakowski &
Twardowska, 1999),

It is important to note that most research into secretory patterns of cortisol in
MDD has been done in inpatient-dominared samples, which raises questions about
the generalizability of findings ro the outpatient majority of patients with MDD, In
fact, studies in outpatient or community populations have provided little evidence of
hypercortisolism (Maes et al., 1994; Michael et al., 2000; Posener er al., 2000; Scotr
et al., 1999; Strickland er al., 1998; Strickland er al., 2002; Yehuda et al., 1996).
Other aspects of HPA dysregulation have not been investigated outside the clinic or
laboratory. The divergent results obtained in different trearment sertings may ro
some extent reflect an overrepresentation of more severe and endogenous forms of de-
pression in inpatient samples; in addition, there is evidence that stress generated by
the admission process and the inpatient regimen may contribute to HPA hyperactiv-
ity (Maes et al., 1994). Similarly, cortisol results from outpatient studies conducted
under controlled laboratory conditions may be influenced by the novelty of the set-
ting (Mason, 1968) or by imposed bedrest (Rivest et al., 1989). If HPA axis
dysregulation plays a central role in the etiology of depression, abnormalities should
be evident in community and outpatient samples, as well as in inpatients. Extending
the range of patient samples and research methods used can therefore provide new in-
sights into the nature and extent of HPA abnormalities in MDD.

The current study examined salivary cortisol secretion in unmedicated outpa-
tients with MDD and healthy control subjects, with multiple measurements raken
over a G-day period in the natural daily environment. Salivary cortisol can be col-
lected non-invasively, is highly correlated with plasma levels, and is a reliable indica-
tor of the, biologically active, free cortisol in plasma (Kirschbaum & Hellhammer,
1994}. Goals of the study were to determine whether MDD outpatients differed

from healthy controls in (a) cortisol levels over the course of the day, or (b)
intraindividual variability in cortisol secretion. We used multilevel regression to test
the hypotheses that depressed patients display elevated basal cortisol levels and a more
random pattern of cortisol secretion, with either larger or more frequent fluctuations
over the day than controls. Based on the literature reviewed above, we predicted that
certain clinical characteristics (symprom severity, anxiety, duration of the current ep-
isode, and recurrent subtype) would be associated with greater abnormalities in
cortisol levels and fluctuations. In addition, we examined the possible effects of a fam-
ily history for mood disorder on cortisol secretion (Holsboer et al., 1995).
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METHOD
Subjects

Forry-seven depressed subjects were recruited among patients seeking treatment at
the local community mental health center or the outpatient clinic of the regional
psychiatric hospital in Maastricht, the Netherlands. The main inclusion criterium
was a primary diagnosis of major depressive disorder, as assessed with the Structured
Clinical Interview for DSM-IV (SCID-1; First et al., 1995) by a research psychiatrist
(E.P.). The SCID also provides information on length of the current episode and the
presence of previous episodes. Information on family history for mood disorders was
also obrained. Entry was restricted to patients 18-63 years of age with a score of > 18
on the 17-item Hamilton Depression Rating Scale (HDRS; Hamilton, 1967). Exclu-
sion criteria were substance abuse in the last six months, psychotic symproms, bipolar
disorder, pregnancy, weighr loss exceeding 15% in the previous 6 months, endocrine
and rheumatic disorders, medications (including antidepressants) known to affect
the HPA axis, and insufficient fluency in Dutch. At intake, five subjects had been
taking antidepressants that were judged to be clinically ineffecrive; these drugs were
tapered off, and subjects were then allowed to parricipate in the study after a medica-
tion-free interval of ac least one weck (none used fluoxetine). Use of previously
prescribed low-dose benzodiazepines was allowed.

Thirty-nine control subjects, matched as a group to the patient sample for gender
and age, were recruited from the community. Additional exclusion criteria for con-
trols were a lifetime history of any DSM-IV axis-I disorder or a history of inpatient
treatment for an Axis [ psychiatric disorder in a first-degree relative. The study was
approved by a medical ethics commitree, and written informed consent was obrained
from all subjects.

Questionnaires

Both patients and control subjects completed the Symptom Check List (SCL-90;
Derogatis et al., 1973) and the Perceived Stress Scale (PSS; Cohen et al., 1983).
Patients also completed the Beck Depression Inventory (BDI; Beck et al., 1961).

Ambulatory sampling procedure

The Experience Sampling Method (ESM; Csikszentmihalyi & Larson, 1987,
deVries, 1992) was used to collect data from subjects in their natural daily environ-
ment. After a training session, subjects completed ESM forms and simultaneously
collected saliva samples for 6 consecurive days, including 2 weekend days. Ten times
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each day, at semi-random intervals of approximately 90 minutes between 7.30 a.m.
and 10.30 p.m., subjects received auditory signals ("beeps”) from a programmed
wristwatch. Following each beep, they completed a brief self-report form. Based on
this information, the following measures were used in the analysis to control for
possible extraneous influences on cortisol secretion: recent physical exertion (rated on
a 7-point scale) and any food intake, alcobol, coffee, smoking, or benzodiazepines in the
interval between the current and the previous beep. At the same time, subjects
collected saliva with cotton dental rolls (Salivetre, Sarstedt). Subjects were instructed
to rinse their mouth before taking samples when appropriate (e.g., after recent tooth
brushing or eating). Subjects stored new saliva samples in their home freezers at the
end of each day.

Before going to bed, subjects completed another short questionnaire, including
information on time spent ar work that day. In the morning, subjects recorded the
time of awakening and rated sleep quality the previous night (7-point scale).

Salivary cortisol

Uncentrifuged saliva samples were stored at —20 degrees Celsius until analysis. Sali-
vary free cortisol levels were determined in duplicate by direct radioimmunoassay,
using 12%jodohistamine coupled ro corrisol-3CMO. The lower detection limit of the
assay was 0.33 nmol/L, with mean inter- and intra-assay coefficients of variation of
8.3% and 4.3%, respectively. All samples from an individual were analyzed in the
same assay to reduce sources of variability.

Staristical analyses

To examine the effects of major depression and clinical characteristics on daily
cortisol secretion, we applied the multilevel or hierarchical linear model, using the
program MLwiN (Goldstein et al., 1998). The multilevel model is a variant of
multiple regression, appropriate for dara sets with a hierarchical structure. In this
study, momentary cortisol measurements were nested within days within subjects; we
refer to these three levels as beep-level, day-level, and person-level.

Log transformation of the raw cortisol values yielded an unskewed response vari-
able. We fitted the diurnal secretory curve of logcortisol by a fourth-degree polyno-
mial; this yielded an accurate and smooth fit in which estimated cortisol values closely
approximated the observed values (r = .997, p < .001). To account for residual de-
pendencies among the logcortisol values at the day- and person-levels, we modeled
random separate logcortisol intercepts and slopes for each person and for each day
within persons. We accounted for residual dependencies at the beep-level by estimat-
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ing the autocorrelation berween subsequent cortisol measurements (Goldstein et al.,
1994), which was assumed to decay exponentially over the time interval.

Fixed effects estimated at the beep-level included a number of potential con-
founders. First, the secretory peak in cortisol that occurs after morning awakening
(Pruessner et al., 1997) was modeled by including a variable thar took the value 1" if
the saliva sample was collected less than 1 hr after awakening and 0’ otherwise. Sec-
ond, intake of food, alcohol, coffee, nicotine, and benzodiazepines in the interval pre-
ceding a beep were also dummy-coded. Finally, level of physical exertion in the inter-
val was included in the model. At the day-level, we included the variable sleep qualiry.
Arx the per5011~fcvel, we included whether the subject worked on a regular basis.

To test our hypotheses, the effect of depression (coded 1 for patients and 0 for
controls) and of variables representing the interactions berween depression and the
orthogonalized time terms were estimated. In a second step, the following clinical
variables for the patient sample were entered: severity of depression (BDI score cen-
tered around overall mean), duration of current depressive episode (centered around
overall mean), recurrent depressive episode (coded-1 or 1), anxiety (SCL-90 subscale
centered around overall mean), and positive family history for mood disorders
(coded—1 or 1). To rtest the statistical significance of the regression coefficients,
z-scores were calculated by dividing the estimated effect by its standard error. Simul-
tancous testing of a set of regression coefficients was done by means of the likelihood
ratio test (Bryk & Raudenbush, 1992) .

In addition to elevation in cortisol levels, we hypothesized that MDD patients
would display greater intraindividual variability in cortisol secretion over the day
than healthy controls. In the multilevel model, intraindividual variability has two
components: beep-level variance (which reflects the magnitude of cortisol fluctua-
tions around individual mean levels ar each time of the day) and autocorrelation
(which reflects moment-to-moment cortisol fluctuations within the day). To investi-
gate whether patients differed from controls on cither or both of these measures, we
compared the following 3 models: (a) variance estimate over the combined groups
and separate autocorrelation estimates for each group, (b) separate variance estimates
and a combined aurtocorrelation estimate, and (c) separate variance and
autocorrelation estimates for each group.

For testing the significance of the variance terms at each level and the effects on
log-autocorrelation, we applied the likelihood ratio (LR) test. T-tests and ¥ 2-tests
were used to assess the significance of differences berween MDD and control groups.
Unless otherwise noted, statistical tests are two-tailed. Significance levels were setar o
= .05,
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RESULTS
Missing data

The 86 subjects (47 MDD and 39 controls) completed both an ESM report and a
saliva sample in response to 4388 beeps. Of these, 101 samples were considered
invalid because they were collected more than 30 minutes after a scheduled beep.
Cortisol values > 44 nmol/L were considered physiologically abnormal and therefore
excluded. This resulted in the exclusion of 12 values from different individuals; all
data (38 samples) from one depressed subject who exhibited 11 extreme cortisol
values were also excluded. Another 319 values were excluded because of incomplete
ecological information (e.g., missing data on prior food intake). The final data set
included 3918 valid observations with both complete ecological information and a
cortisol level, or 76% of the maximum possible observations. Study compliance was
somewhat higher in the control group than in the MDD group (83% vs. 74%
samples fully completed; t = 2.7, df = 83, p <.01). SCL-90 scores were missing for one
depressed subject.

Sﬂmp/f characteristics

Demographic and clinical data for the final sample of 46 depressed and 39 healthy
control subjects are shown in Table 1. The two groups did not differ significantly in
sex distribution, age, or body mass index. The MDD group scored significantly
higher than controls on SCL-90 total score, SCL-90 anxiety subscale, and the
Perceived Stress Scale.

Cortisol levels

Figure 1 shows observed cortisol values over the day in MDD and control groups.
Both groups displayed a clear diurnal pattern, with high cortisol values in the early
morning declining over the rest of the day.

Results of the multilevel regression analysis are summarized in Table 2. As ex-
pected, time of day had a strong effect on cortisol levels; the linear component ex-
plained most of the diurnal variation and is therefore shown in Table 2. Of the poten-
tial confounders evaluated at the beep-level (recent awakening, physical exertion,
smoking, alcohol, coffee, food intake, and use of benzodiazepines), only recent awak-
ening and food intake had significant positive effects on cortisol secretion. Subjects
who worked during the sampling period showed higher cortisol levels; sleep quality,
in contrast, had no significant effect. In the depressed group as a whole, cortisol levels
were not significantly higher than in controls. Simultaneous testing of all MDD by
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Table 1. Demographic and clinical characrenistics of MDD patients and controls

Male-female ratio

Age, v

Body mass index

SCL-90 toral score*

SCL-90 anxiety |

PSS #

Duration current episode (months)

Recurrent subtype

MDD {_n = 46)

Controls (n = 39)

20:26 16:23

40.2 (10.9} 44.5(11.6)

24.2 (5.1) 24.8 (3.6)

262.4 (53.1) 109.8 21.7)
29.1 (8.0) 11.7 (3.6)

23.6 (3.5)

20.3 {range 2~118}

n = 20 (44%)

16.1 (5.1}

HDRS
BDI

Positive family history

23.9(3.9) —
28.7 (9.8) —
n =25 (54%) -

Mote: Mean (SD) shown for continuous variables. SCL-90 indicates Symprom Checklist-90; PSS,
Perceived Stress Scale; HDRS, 17-item Hamilton Depression Raring Scale; BDI, Beck Depression

Inventory. Statistical comparisons berween the two groups are two-tailed. *; t= 16.4, df=82, p < .001 15t
=12.4,df=82, p < 001 £t = 8.1, df=83, p < .001

Figure 1.
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for each time of day were first calculated for each subject over the 6-day sam pling period.
Values shown are the mean and SEM for each of the wo groups.
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Table 2. Multilevel estimares of influences on cortisol secretion

- 5 ,
Beep-level
Constant 5.190 319 16.28 <.001
Time (centered) - 127 0047 27.02 <.001
Exrraneous influences
Awakening 179 038 4.71 <001
Food inrake 106 L4 7.57 <001
Person-level
Worked 166 085 195 {05
MDD .042 19 0.35 73
MDD x Time (centered) 010 006 1.67 09
Clinical characreristics
BDI 011 005 2.20 03
SCL-90 anxiety -.007 006 1.16 23
Duration current episode 002 002 1.00 31
Recurrent subtype 066 049 1.35 16
Pasitive family history 014 047 29 98

Note: The multilevel analysis was based on 3918 cortisol samples nested within 85 subjects (39 controls
subjects and 46 subjects with MDD). The dependent measure is logcortisol. The following variables had
non-significant effects and are not shown in the table: beep-level: physical exertion, smoking, alcohol,
coffee, benzodiazepines; day-level: sleep quality; person-level: age, gender, perceived stress, oral
contraceptives.

time interaction terms indicated a significant difference berween the shapes of the es-
timarted diurnal curves of the two groups (LR test; 3% = 18.27,df = 5, p = .003). Age,
gender, perceived stress, and oral contraceptives had no significant effects, either
alone or in interaction with depression.

The effects of patient clinical characteristics on cortisol secretion are summarized
at the bottom of Table 2. Patients with more severe depressive symptoms had signifi-
cantly higher cortisol levels, although this effecr was small. With the exception of anx-
iety, the effects of the remaining clinical variables were in the predicted direction, but
did not reach significance.

As allowed by the protocol (see Merhod), eight depressed subjects reported
day-time use of benzodiazepines during the study (on 68 out of 2039 ESM reports).
These subjects reported higher anxiety ( SCL-90 anxiety: 35.4 vs. 27.6, t{43) = -2.75,
p=.009), butdid not differ from the other depressed subjects on any of the other clin-
ical measures (all p’s > .05). To exclude the possibility that benzodiazepine use con-
tributed to the results at the person-level, we repeated the analysis after excluding
these 8 subjects. All results remained the same, except that severity of depression no
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longer had a significant effect on cortisol (2 = .78, p = .43), and that recurrent subtype
was now associated with higher cortisol (z = 2.52, p = .01) in the patient sample.

Intraindividual variability in cortisol secretion

Next, we tested the hypothesis that corrisol secretion would be less stable in MDD
than in healthy controls. Comparison of different models of cortisol beep-level vari-
ance and autocorrelation (see Statistical analysis, above) indicated significant differ-
ences between MDD and control groups in autocorrelation but not in variance, when
both autocorrelation and variance were included in the same model. Controlling for
possible differences in variances berween the two groups, the autocorrelation was
significantly lower in MDD (0.31) than in healthy controls (0.50) (LR = 24.0, p <
.000001), indicating greater beep-to-beep cortisol fluctuations in MDD. In contrast,
the beep-level variance estimates obtained after controlling for separate
autocorrelation estimates were not significantly different from each other (LR =0, p >
.5), meaning that the magnitude of cortisol fluctuations at each time of the day were
similar in MDD and healthy controls.

As a next step, we obrained multilevel estimates of the influence of MDD and clin-
ical variables on the autocorrelation, as shown in Table 3. The large negative effect of
MDID confirms the partern of greater cortisol fluctuations in depressed partients
noted above. Additional significant effects for BDI and recurrent subtype indicate
even more pronounced dysregulation in patients with more severe or recurrent epi-
sodes. To exclude any possible influence of benzodiazepine usage, we also repeated
this analysis after exclusion of the 8 benzodiazepine-users. All significant findings re-
mained unchanged.

Table 3. Esrimarted effects of major depression (MDD) and clinical characteristics on cortisol
autacorrelation

Estimare Likelihood p
N o o - ratio{df=1)
Constant - 830 ‘ o 546 o 001
MDD - 460 13.1 {001
BIn -.034 1.3 001
Recurrent subtype -.235 6.1 01
Duration of current episode -.001 2 .65
Positive family history -.085 1.1 .29
SCL-90 anxiety 011 2.8 09

85 subjects {39 controls
subjeces and 46 subjects wich MDDY). The dependent measure is the log-autncorrelation of
logeorrisol.

Note: The analysis was based on 3918 cortisol samples nested within
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DISCUSSION

We found no evidence for daytime hypercortisolism in the depressed outpatient
group, although self-reported symprom severity was associated with higher cortisol
levels. In addition, the form of the daily salivary cortisol curves in MDD ourpatients
differed significantly from those of healthy controls. There appears to be a general
consensus in the literature that HPA abnormalities are more likely in more severe
he normal cortisol levels

cases of MDD, but not all studies have shown a clear link. T

observed in the current sample adds to a growing body of evidence that
hypercortisolism is not a characteristic of MDD in outpatient and community
samples (Maes et al., 1994; Michael et al., 2000; Orth et al,, 2001; Posener er al.,
2000; Scote et al., 1999; P. Strickland et al., 1998; Serickland ecal., 2002; Yehuda et
al., 1996).

A more striking finding of this study was the greater instability in cortisol secre-
tion in MDD patients than controls, which was even more pronounced in patients
with more severe or recurrent episodes. The observed effects of recurrent subtype are
consistent with the hypothesis that repeated episodes result in more severe, perhaps
structural, changes in HPA function (Bremner er al., 2000; Sheline et al., 1999).
These results confirm and extend earlier reports of chaotic cortisol secretory patterns
in MDD, based on 24-hr blood sampling in a smaller sample (N=14) of outpatients
(Yehuda et al., 1996). Although the sampling interval of roughly 90 minutes in the
current study does not yield sufficient resolution for identifying pulsatile episodes
(Pincus et al., 1999), breaking intraindividual variability in cortisol levels down into
variance and autocorrelation components in the multilevel analysis provides new in-
sights into the nature of secretory patterns. MDD could thus be differentiated from
controls in having more frequent cortisol fluctuations over the course of the day.
Taken together with evidence for erratic activity of other systems in MDD, such as
heightened intraindividual variability in plasma noradrenaline secretion (Kelly &
Cooper, 1998) and in circadian temperature rhythms (Tsujimoto et al., 1990), this
suggests that disturbances in regulatory processes may be widespread in depression;
erratic basal activity thus deserves more research attention than it has previously re-
ceived.

Given the paucirty of previous information on diurnal cortisol patterns in MDD in
the natural environment, questions arise concerning the underlying source of in-
creased intraindividual variability. As suggested by controlled laboratory studies, er-
ratic cortisol release may be the result of a primary disturbance of circadian regulatory
processes {Deuschle et al., 1997; Yehuda er al., 1996). Secondly, heightened mood
lability in MDD (Hall et al., 1991) could contribute to cortisol fluctuarions, as ESM
studies in normal individuals indicate that short-term changes in affective states in-

fluence cortisol levels in daily life (Smyth etal., 1998; van Eck et al., 1996). To inves-

st
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tigae this possibility, we repeated the multilevel analysis of the current data set, now
controlling for mood states, and found an unchanged pattern of increased cortisol
variability in MDD (for detailed description of mood measurements; see Peeters,
Nicolson, Berkhof et al., in press. Finally, depressives may differ from healthy indi-
viduals with regard to exposure, appraisal, or response to everyday stressors, which
can also trigger cortisol release (van Eck er al., 1996). As reported elsewhere, the
MDD group showed blunted cortisol responses to negative daily events compared to
healthy controls (Peeters, Nicolson, & Berkhof, 2002). To rest whether group differ-
ences in cortisol reactivity in daily events might contribute to the low cortisol
autocorrelation in MDD, we added negative events as predictors in the mulrilevel
model, but the group difference in autocorrelation remained. In other words, ob-
served patterns of variability did not appear to reflect stress-related changes in cortisol
secretion.

Observed effects of awakening, food intake, and working are consistent with find-
ings obtained experimentally (Adam & Gunnar, 2001; Follenius et al., 1982;
Schmidr-Reinwald et al., 1999). As it is not always possible or even desirable ro
standarize conditions in a naturalistic study, these and other extraneous influences on
cortisol levels were taken into account in the statistical analysis.

An important contribution of this study is the extension of observations on
cortisol secretory patterns in depression to the context of daily life. Our results cannot
have been distorted by the stress of hospital admission, the inpatient regimen (Maes
et al., 1994), laboratory procedures (Mason, 1968; Rivest et al., 1989). Given the
very high correlation berween free cortisol levels in serum and saliva (Kirschbaum &
Hellhammer, 1994), it is unlikely that the use of salivary measures in the current
study is responsible for the absence of hypercortisolism in the depressed subjects.

Compared to the few previous studies (Michael eral. 2000: P Sericlland aral - 1002,
Strickland et al., 2002) that have used salivary cortisol measures ourside the labora-

tory in depressed adults (e.g., twice a day for 3 to 4 days), samples were collected more
frequently each day (10 times) and over a longer period (G days), thus allowing a more
reliable characterization of diurnal patterns. Willingness to participate in the study
and the observed high compliance with the protocol by MDD as well as control sub-
jects shows that intensive sampling is feasible in the context of daily life, thus paving
the way for future applications. However, some limirations should be kept in mind.
The ambulatory sampling methodology prevents analysis of circadian rhythm and
total corcisol secretion as no samples were collected during sleep. It remains possible
that cortisol secretion was elevated during the night in MDD, as reported in previous
studies (Halbreich etal., 1985b; Linkowski et al., 1985). And, although cortisol sam-
ples were taken relatively frequently (10 times each day), much more intensive sam-
pling is required for a detailed analysis of secrerory episodes (¢.g., Wong et al., 2000).
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Finally, depressed subjects were recruited in secondary care settings, so that caution is
needed in generalizing results to primary care and community populations.
Inconsistent results in the lirerature concerning basal cortisol elevation in MDD,
together with our finding of greater abnormalities in variability of daily cortisol secre-
tion than in absolute levels, suggest that erratic activity may be a more widespread and
core fearure of HPA dysregulation in MDD than hyperactivity per se. According to
the dysregulation hypothesis of depression (Siever & Davis, 1985), a dysregulated
system is characterized by impairment of homeostasis, erratic output, disrupted peri-
odicities, abnormal responsivity to environmental stimuli, slower return to basal ac-
tivity after pertubation, and normalization following effective trearment. It may well
be that aspects of vulnerability (e.g., familial loading, early adversity) combine with
clinical characteristics (e.g., severity, recurrence) to produce a spectrum of HPA dis-
turbances in MDD, perhaps progressing over time towards more severe or irreversible
forms. Subtle changes in HPA axis function, like those observed in the current outpa-
rient sample, may be one of the first manifestations of dysregulation. Longitudinal
studies are needed to evaluate the prognostic value of cortisol variability and the ef-
fects of pharmacotherapy, other treatments, and clinical recovery on this aspect of

HPA dysfunction.
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ABSTRACT

Major depressive disorder (MDD) is characterized by high negative affect (NA) and
low positive affect (PA), bur little is known about emotional reactivity in daily life.
We used experience sampling methodology to investigate changes in NA and PA
following miner negative and positive events in MDD compared to healthy partici-
pants. Contrary to expectation, MDD participants did not report more frequent
negative events, although they did report fewer positive events and appraised both
types of events as more stressful. Multilevel regression showed that both NA and PA
responses to negative events were blunted in the MDD group, whereas responses to
positive events were enhanced. NA responses to negative events persisted longer in
MDD. Depressed participants with a positive family history or longer current
episode showed relatively greater NA responses to negarive events. Clinical interven-
tions focused on daily experiences may be useful in improving affective symproms.

INTRODUCTION

Invesrigations of the dimensionality of mood states have provided evidence for the
existence of relatively independent negative and positive affective states (Diener &
Emmons, 1984; Watson, 2000). The dimension of negative affect (NA) represents
the extent to which individuals experience feelings such as nervousness, tension, irri-
tation, and guilt. Positive affect (PA) reflects the level of pleasurable engagement with
one’s environment, characterized by feelings such as enthusiasm, interest, and satis-
faction. Previous studies have shown that the symptomatic phase of an episode of
major depressive disorder (MDD) is characterized by high levels of NA and, more
specifically, low levels of PA (Clark et al., 1990; Jolly eral., 1994; Watson etal., 1995).
However, the dynamics of these mood states in MDD are not well understood.

Minorevents in daily life are known to induce momentary changes in NA and PA.
Negative events lead to increases in NA (Suls ecal., 1998; van Eck eral., 1998; Marco
etal., 1999; Gable etal., 2000), whereas cheir effeccon PA is generally modest (David
etal., 1997; van Eck eral., 1998; Gable eral., 2000). Changes in PA are more strongly
related to the occurrence of positive than negative minor events (Langston, 1994; Da-
vid etal., 1997; Gable et al., 2000). The fact that low PA appears to be a specific fea-
ture of MDD makes a better understanding of facrors thar influence this mood di-
mension important. Research investigating responses to both negative and positive
events could therefore add to our knowledge about mood disturbances in the daily
life of depressed people.

The interplay between minor events and mood states during episodes of MDD is
imporeant for a number of reasons. First, flucruations in mood are a common but
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poorly understood phenomenon in people with MDD. As in healthy people, it can be
assumed that mood states of clinically depressed individuals are influenced by daily
negative and positive events. Second, changes in neuroendocrine and immunological
systems are thought to be important elements of the pathophysiology of MDD
(Connor & Leonard, 1998; Holsboer, 2000). Because these physiological systems are
activated by emotional responses to stress (van Eck et al., 1996; Segerstrom et al.,
1998), information about mood responses to daily events can fill some gaps in theo-
retical models linking stress to MDD. Third, cognitive-behavioral treatment for
MDD is based, at least in part, on the assumption that changes in daily behavior and
cognitive appraisal of daily events are ingredients of a successful therapy (Beck et al.,
1979; Jacobson et al., 1996). Knowledge about the interplay between minor daily
events and mood can contribute to a better understanding of mechanisms underlying
these assumptions.

Daily process designs, such as the experience sampling method (ESM), have been
shown to be valid and reliable techniques for the simultaneous assessment of mood,
behaviors, and cognitions in the natural environment {Csikszentmihalyi 8 Larson,
1987; deVries, 1992; Delespaul, 1995; van Eck et al., 1998; Marco er al., 1999;
Swendsen et al., 2000}. Events and mood are measured at frequent intervals during
the day, which allows the study of remporal relationships berween events and mood
states that cannot be captured by end-of-day reports. The difficulties that many peo-
ple have in accurately detecting contingencies between events and mood are also by-
passed. Furthermore, ESM reduces bias in recall, which is especially relevant in re-
search on mood disorders (Morris, 1999).

The present study used ESM to examine momentary mood changes following
naturally occurring negative and positive events in the daily life of clinically depressed
and healthy people. Previous research reported larger NA responses to negative daily
events in neuroric or distressed individuals (Suls et al., 1998; Swendsen, 1998; van
Eck eral., 1998). A larger decrease in PA in response to negative events was found in
individuals who reported greater perceived stress (van Eck eval., 1998). Given the ab-
sence of comparable studies in clinically depressed individuals and uncertainty about
the generalizability of results from scudies in “analog’ populations (Coyne, 1994; Flewr
etal., 1997; Santor & Coyne, 2001), we made no a-priori hypotheses concerning the
direcrion of differences in mood reactivity between clinically depressed and healthy
people. We expected the average levels of NA to be high in depressed participants and
PA levels to be low, in comparison to healthy participants. We predicred that NA
would increase and PA would decrease following negative events in both depressed
and healthy participants. Following positive events, we predicted a decrease in NA
and an increase in PA.

Within the framework of transactional stress theory, how an event is appraised is
an important determinant of its impact on mood (Lazarus & Folkman, 1984). Pri-
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mary appraisals such as unpleasantness and stressfulness of negarive events are associ-
ated with larger changes in mood (van Ecketal., 1998; Marco etal., 1999). Expecting
that depressed individuals would appraise events differently than healthy individuals
(Beck et al., 1979), we predicted that these subjective evaluations would be signifi-
cant determinants of differences in mood reactivity between depressed and healthy
participants. Previous studies reported that the effects of minor events on mood are
generally transient, but may be longer lasting in anxious or stressed individuals
(Bolger & Zuckerman, 1995; van Eck et al., 1998). In other words, mood recovery is
delayed. We therefore examined differences in the persisting effects of prior events on
mood states between depressed and healthy participants.

To gain broader insight into possible mechanisms, we investigated the effects of
clinical characteristics on mood reactivity within the group of depressed participants.
Firstly, we hypothesized that severity of episode would influence mood reactivity to
daily events. Secondly, longer duration of the current episode and a history of previ-
ous depressive episodes have been associated with an increased vulnerability to
psychosocial stressors (Kendler etal., 2000), changes in self-concept and coping strat-
egies (Coyne etal., 1998), and increased use of dysfunctional cognitive styles (Segal et
al., 1996). We therefore hypothesized that duration of the current episode and a his-
tory of previous episodes of MDD would increase reactivity in NA and PA to negative
events and decrease reactivity of both mood states to positive events. Thirdly, given
evidence that genetic vulnerability for mood disorders may express itself in height-
ened neuroticism as well as in alterations in regulation of the hypothalamus-pitu-
itary-adrenal (HPA) axis (Maier et al., 1992; Krieg et al., 2001), we expected that de-
pressed participants with a family history for mood disorders might show greater
affective responses to negative events. Finally, many depressed individuals show a di-
urnal pattern in symptom severity with some alleviation during the course of the day
{APA, 1994), We therefore rested wherher effects of events on mood states were influ-

enced by time of their occurrence.

METHOD

Participant recruitment and selection

Forty-seven participants diagnosed with MDD were recruited among individuals
secking treatment at the community mental health center and the outpatient clinic of
the local psychiatric hospital in Maastricht, the Netherlands. The main inclusion
criterium was a primary diagnosis of MDD, as assessed with the Structured Clinical
Interview for DSM-1V (SCID; First, Spitzer, Gibbon, & Williams, 1995) by a
research psychiatrist ( E.P.). Entry was restricted to individuals berween 18-65 years
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of age with a 17-item Hamilton Depression Rating Scale (HDRS; Hamilton, 1967)
score of 2 18, indicating at least moderate severity of MDD. Exclusion criteria were
current substance abuse or psychotic symptoms (both assessed with the SCID), and
insufficient fluency in Durtch. None of the participants was using antidepressants,
bur use of low-dose anxiolytic drugs was allowed during the study. One depressed
participant was excluded from the analysis because of inadequate compliance with
the research protocol (see Procedure, below).

Thirty-nine healthy participants, marched as a group to the patient sample for
gender and age, were recruited from available research pools, staff from academic af-
filiations, and through an advertisement in a local newspaper. Additional exclusion
criteria for the healthy participants were a lifetime history of any DSM-IV Axis I dis-
order (assessed with the initial screening section of the SCID), or any inpatient treat-
ment for an Axis I psychiatric disorder in a first-degree relative. Of the 55 potential
controls who were screened, 16 were excluded: 8 due to a history of psychiatric disor-
der, 3 due to inpatient psychiatric treatment in a first-degree relative, 3 due to somatic
disorders that could affect the HPA axis (an exclusion criterion for cortisol measures
in the same study), and 2 for other reasons (e.g., hearing impairment). The study was
approved by the local medical ethics committee, and written informed consent was
obrtained from all participants. Participants were paid $30 for completing the study.

The final sample consisted of 46 depressed and 39 healthy participants. Demo-
graphic characteristics and Symptom Checklist scores (SCL-90; Derogatis, Lipman,
& Cori, 1973) for the two groups are presented in Table 1. In the depressed group
67% were married or living with a partner, compared to 76% in the healthy group (32
{ 1, N = 85) = .95, p=".33). Educational level (dichotomized as at least high school
completed or not) was higher in the healthy than in the depressed group (89% versus
56% high school completers; ¥2 (1, N = 85) = 11.49, p <.001). Employment status
differed, ¥2 (1, N = 85) = 15.53, p <.001, with only 36% of participants with MDD
currently working compared to 79% of healthy participants).

MDD participants completed the Beck Depression Inventory (BDI; Beck, Ward,
& Mendelson, 1961), a self-report measure of symptom severity. Information on
length of the current depressive episode was obtained during the SCID interview.
Family history for mood disorders in first-degree relatives {treated or untreated) was
obtained in an unstrucrured interview on the basis of a genogram. Clinical characrer-
istics of the MDD participants are summarized in Table 1. In addition to the primary
diagnosis of MDD, 21 patients (46%) had a secondary Axis I diagnosis, as follows:
generalized social phobia (N = 9), dysthymic disorder (N = 5), panic disorder with ag-
oraphobia (N = 4), posttraumatic stress disorder (N = 4), specific phobia (N = 4],
bulimia nervosa (N = 1). Of these, four MDD participants had three or more Axis |
diagnoses.



62| CHAPTER 4

Table 1. Demographic and clinical characreristics of depressed and healthy participants

Variable B Mpp Healthy P
N 46 39
Men 20 16 >.50
Women 26 23
Age in years 40 (11} 44 {12) .09
SCL-90 total score 259.8 {53.9) 109.8 (21.8) <.001
SCL-90 depression 57.1 {11.6) 18.9( 4.1} <001
HDRS 23.9(3.9) — n.a.
BDI 28.4(9.8) — .4,
Dwyration current episodc in months  20.3 {range 2-118) —_— n.a.
Previous episodels) 20 (44%) — n.a.
Positive family history  2504%) - .ma

Note. Mean (8D} shown for continuous variables. Means were compared using t-tests, caregorical
variables were compared with the use of ¥? tests. SCL-90 indicates Symprom Checklist-90; HDRS,
17-item Hamilton Depression Rating Scale; BT, Beck Depression Inventory; n.a. = not applicable.

Procedure

ESM was used to collect data from participants at selected moments during their
daily activities. Participants received auditory signals (beeps) from a wristwatch
programmed to emit 10 beeps between 7:30 a.m. and 10:30 p.m. each day, at
semi-random intervals of approximately 90 minutes. After receiving a beep, partici-
pants completed self-report forms concerning current mood, negative and positive
events, and their appraisals. Participants completed ESM reports for 6 consecutive
days, including a weekend. Duringa briefing session, study aims and procedures were
explained. Inafinal session, the ESM booklets were checked for legibility and missing
data.

Compliance with the procedure was generally good. The criteria set for inclusion
in the analyses (more than 20 ESM reports completed within 25 minutes after the
programmed time of the beep) were met by all participants except one depressed par-
ticipant. Participants included in the analyses completed an average of 85% of all pos-
sible responses within the time limit, resulting in an average number of valid re-
sponses of 50.7 per participant. Mean number of valid responses was somewhat
higher in the healchy than in the depressed group, 53.2 vs. 48.6; 1 (84) = 3.3, p = .003.
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Measures

Mood assessment. Momentary mood states were assessed with 16 adjectives rated on
7-pointscales (1 = notarall, 7 = very). Facror analyses (principal components analysis
with varimax rotation) on mean scores aggregated per subject and on within-subject z
scores both identified two mood factors with eigenvalues greater than 1. These factors
accounted for 81.1% of the rotal variance in subject mean scores and 46.1% of the
variance in within-subject z scores. Ratings on the items anxious, irritated, restless,
tense, guilty, irritable, easily distracted, and agitated were averaged to form a NA scale
(Cronbach’s alpha = .91 based on all 4535 ESM reports; item loadings on factor 1
ranged between .66 and .88, loadings on factor 2 between -.16 and -.40). Ratings on
the items energetic, enthusiastic, happy, cheerful, talkative, strong, satisfied, and
self-assured were averaged to form a PA scale (alpha = .95; item loadings on facror 1
berween -.08 and -.42, loadings on factor 2 between .73 and .92). The average NA
level (aggregared over participant means) was 1.3 (80 = .3) in healthy participants
and 2.9 (8D =.9) in depressed participants. Average PA levels were 4.5 (SD = .9) and
2.1 (8D = .7) for healthy and depressed participants, respectively. Correlations
between NA and PA, based on raw data, were r=-.19, p <.001 for depressed and # =
-.33, p < .001 for healthy participants.

Stressful events. At each beep, participants were asked briefly to describe any posi-
tive and/or negative event that may have raken place since the last ESM report. Al-
though participants were instructed to report only events or situations that actually
took place in their daily environment in the preceding interval, some event reports
clearly referred to internal srates only (e.g., current ruminations abourt past events,
personal health concerns). Following pre-established criteria, the research ream iden-
tified such internal events by consensus. Reports of internal events were not used in
the analysis to avoid confounding of event and mood measures. In the depressed
group, 16% of all event reports referred to internal states compared to 8% in the
healthy group. We identified events as prior when the previous ESM report on the
same day (t-1) mentioned an event, to address persisting effects on mood states in the
analysis.

Appraisals. On 7-point scales (1 = notatall, 7 = very), participants rated positive
events on the dimensions pleasant, important, and stressful; negative events were rared
on the dimensions unpleasant, important, and stressful. Correlations, over all ESM re-
ports from all participants, between the appraisals of positive events were low to mod-
erate (pleasant with important: v = 49, p < .001; pleasant with stresgful: v = =25, p <
0015 important with stressful: r = .01, p = .6). The correlations between appraisals of
negative events were moderare to strong (unpleasant with important: r=.30, p < .001;
unpleasanrwith stressful: r= 55, p < .001; importantwith stressful: r= 32, p < .001).
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Statistical model

Because the experience sampling observations are nested within days within partici-
pants, we estimated the effects of daily events, depression, and individual characreris-
rics on mood states with multilevel or hierarchical linear analysis, which is avariant of
multiple regression appropriate for nested data. Separate models for NA and PA were
estimated using the program MLwiN (Goldstein et al., 1998).

The regression equation can be expressed as follows:

4
(Mood) o= b, + Z b,,mx an T

iy
g=1

where mood jj; is the NA or PA score of participant i at the #-th beep on day ;. The
intercept is denoted by bgm, Xqij¢ is an entry of explanatory variable xg, bgp, is the cor-
responding regression coefficient, and rjj; is an error rerm. The index m indicares
whether the participant is depressed (m = 1) or healthy (m = 0). By indexing all regres-
sion coefficients with label m, we estimated all effects separately for the depressed and
healthy groups. The error term is itself a function of error terms that capture the de-
pendencies among the mood observations. Such dependencies occur because two ob-
servations tend to be more similar if (1) raken at points closer in time on the same day,
(2) raken on the same day rather than on two different days, and (3) taken from one
participant rather than from different participants. To account for these sources of
dependency, we (1) modeled the autocorrelation between two subsequent observa-
rions as an exponentially decaying function of the time interval between these obser-
vations, (2) estimated day level variance to account for day-to-day variability, and (3)
modeled a random intercept to account for interindividual variability in mood levels.
Ignoring these dependencies biases the estimared standard errors of the regression co-
efficients and may lead to incorrect inferences about the effects of the explanatory
variables. ltshould be noted that autocorrelation controls for the influence of the pre-
vious mood score on the current mood score (after having adjusted for the level of the
covariates).

The following dummy-coded (0-1) variables were predictors in the model:
PosEvent (1 if a positive event was reported), NegEvent (1 if a negative event was re-
ported), PriorPosEvent (1 if a positive event was reported at the previous beep), and
PriorNegEvent (1 if a negative event was reported at the previous beep). The values of
PriorPosEvent and PriorNegEvent were set to 0 at the first beep of the day. We also
estimated the effects of a positive or negative event at the last beep of the day on the
mood scores at the first beep of the next day. These effects were negligible and were
therefore excluded from the model.

Additional explanatory variables were either centered around the grand mean or
effect coded {-1,1 instead of 0,1) so that inclusion in the model would not auromari-
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cally change the previously estimared effects of events on mood. The event appraisal
scores were centered around the grand mean, or set to zero if no event was reported.
To examine the effect of gender on the relation between depression, events, and
mood states, we included the variable Gender (-1 if female, 1 if male), as well as its in-
teractions with PosEvent, NegEvent, PriorPosEvent, and PriorNegEvent.

To assess the impact of clinical characteristics in MDD on mood responses, the
following variables were included in the model: severity of depression (BDI score cen-
tered around mean), duration of current depressive episode (in months, centered
around mean), episode (1 if previous episode; -1 if first episode), and family history
for mood disorders (1 if positive history; -1 if negative history). Because these clinical
variables can have an effect in the MDD group only, they were modelled as interac-
tions with group; as a result, scores for healthy participants take the value 0. Interac-
rions berween clinical characteristics and events (PosEvent, NegEvent, PriorPos-
Event, and PriorNegEvent) were also estimated.

Finally, we modeled the diurnal pattern in mood states with a linear function. The
rime variable (CTIME) was centered around the midpoint of the sampling times
(3:06 p.m.) and included as a covariate in the model.

Significance of the regression coefficients was tested by dividing the estimared ef-
fects by their standard errors. These ratios are approximately normally distribured.
Two-tailed tests were used even when hypotheses were directional. Significance levels
were set at alpha = .05.

RESULTS

Frequency and appraisals of daily events

Group differences in frequencies and appraisals of events are presented in Table 2. In
total, 1762 events were reported during the six days. Four participants (two in each
group) reported no events. The frequency of negative events was similar in both
groups, but the depressed group reported fewer positive events. Negative events were
appraised as more unpleasant, more important, and more stressful by the depressed
then by healthy participants. Positive events were appraised as less pleasant, equally
important, and more stressful by the depressed participants.

Effects of events on mood states
We present the results of the multilevel analyses for changes in NA and PA separasely

in table format. In each table, the effects of negative and positive events on mood
states are shown for depressed and healthy participants; the last column shows the
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Table 2. Mean {SD)) frequencies and appraisal ratings of daily events in depressed (n = 44) and
healchy (n = 37) participants

, o MDD Healthy  [:G9)| _p
Frequency of negative events 16% {12) 179% (13) 35 7
Usipleasant 5.6{1.0) 4.7 {0.8) 4.33 <001
Importane 4.6 (1.4) 3.9{1.2) 2.18 .03
Stressful 5.4 (1.3 3.3{1.2) 7.27 <.001
Frequency of positive events 21% (16} 34% (24)  3.03 .003
Pleasant 5.3 (1.0} 5.8 (0.9 2.35 02
Imporant 5313 51 (1.0 58 .50
Stressful 2.4 {1.3) 1.6 (0.8} 3.36 <001
Frequency of reports of negative and positive
events within same dme-interval B @ 13%03 1267 21

Note. Frequency of events expressed as percencage of total beeps in whichan event was reported. * df = 38

differences between the groups. Because event and mood reports were collected
simultancously, it is important to note that significant effects in the multilevel model
cannot firmly establish a causal relationship berween event occurrence and subse-
quent changes in mood.

Negative affect. Basal NA levels were higher (B = 2.834, SE'= .097 versus B = 1.220,
SE=.141) in depressed than in healthy participants (difference; p = 1.614, SE= 176,
2=9.17, p <.001). NA was further elevated in more severely depressed participants (
=.032, 5F=.010,2=3.20, p <.001) and in depressed participants with episodes of
longer duration (f = .012, SE=.004, 2= 3.0, p <.01). A previous episode or a positive
family history were not associated with additional increases in NA levels.

In both groups, negative events led to increased NA (see left half of Table 3). Al-
though levels of unpleasaniness (valence) and importance had no additional effects
on NA reactivity, events appraised as more stressful further increased NA. Depressed
participants showed significantly smaller increases in NA in response to negative
events than healthy participants. Prior negative events, on the other hand, had a per-

In the healthy group, positive events only minimally decreased NA; positive
events appraised as relatively stressful resulted in a slight increase in NA (see right half
of Table 3). In comparison, depressed participants showed a more pronounced de-
crease in NA in response to positive events, particularly in the case of events appraised
as relatively important, In the MDD group, stressful positive events were followed by
a significantly greater increase in NA than observed in the healthy group. Prior posi-
tive events had no persistent effect on NA in either group.

In contrast to resules for the healthy group, depressed women showed higher basal
NA than depressed men (B =.264, SE=.099, 2= 2.67, p<.01). In addition, depressed
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women responded with larger decreases in NA following positive events than de-
pressed men (§ = -.143, SE = .039, z = 3.67, p < .001). Other gender effects in de-
pressed and healthy participants were non-significant.

We also rested for the effects of interactions berween clinical characteristics (sever-
ity of depression, duration of the current episode, previous episode, positive family
history) and daily events on NA within the depressed group. NA responses to nega-
tive events were further elevated in depressed participants with longer current epi-
sodes of depression (B = .004, SE=.002,z=2.32, p=.02),and in those with a positive
family history (B =.111, SE= 043,z =2.58, p = .01). Depression severity and previ-
ous episodes had no significant influence on NA reactivity to negative events. For NA
reactivity, we found no significant effects of interactions between clinical characteris-
rics and positive events. Clinical characteristics showed no influence on NA reactivity
to prior events, cither negative or pesitive.

Within the depressed group, NA levels declined significantly over the day (B =
031, SE = .004, z = 7.42, p < .001). Increases in NA following negative events re-
mained unchanged, but decreases in NA following positive events were slightly
smaller later in the day (B = .024, SE = .009, z = 2.60, p < .01).

Positive affect . Basal PA levels were lower ( = 2.001, SE = .112 versus § = 4.447,
SE = .162) in depressed than in healthy participants (difference; B = 2.447, SE'= .202,
z=12.11, p <.001), with more severely depressed participants having even lower lev-
els (B =-.029, SE=.012,2 = 2.41, p = .02). Other clinical characteristics showed no
significant influence on basal PA levels.

Negative events decreased PA in all participants (see left half of Table 4), but these
decreases were significantly smaller in depressed participants. Negative events that
were appraised as more stressful were followed by further decreases in PA in healthy
participantsonly. Prior negative events had no persisting effect on PA in either group.

Current and prior positive events were associated with increases in PA (see right
half of Table 4). However, positive events resulted in larger increases in PA in de-
pressed than in healthy participants. Current events that were appraised as more
pleasant were followed by further significant PA increases in healthy participants and
a similar trend in depressed participants. In contrast to the findings for negative
events, stressfulness of positive events had no effect on PA for either healthy or de-
pressed participants. None of the results for PA were influenced by gender.

In contrast to the results for NA, there were no significant interaction effects be-
tween clinical characteristics and a current event on PA. However, prior negative
events led o a persistent lowering of PA in depressed participants who had experi-
enced a previous episode (B = -.095, SE'= .045,z = 2.11, p = .04).

PA levels increased slightly over the course of the day in depressed participants (B
=.024, SE'=.005,2=5.07, p <.001), but PA reactivity following negative and posi-
tive events showed no diurnal pattern.
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The finding that MDD participants reported relatively few positive events raises
the question whether individual differences in event frequency may have influenced
mood responses to events. To address this question, we added person-level mean fre-
quencies for both positive and negative events as explanatory variables in the multi-
level model. Event frequencies had no significant effect on either NA levels or NA re-
activity to events. For PA, event frequencies had no effects on mood levels;
individuals (in particular, healthy participants) who reported relatively many positive
events showed marginally larger PA responses to these evenrs. Differences, however,
berween MDD and healthy groups in the eftects of events (both positive and nega-
tive) on PA remained significant.

Finally, because few MDD participants were currently working, differences be-
tween the two groups in daily activities might have resulted in exposure to different
sorts of events. If so, one might expect to find larger weekday versus weekend effects
on mood reactivity in the healthy group. We therefore examined weekend/weekday
patterns of mood and mood reactivity in the multilevel model. MDD participants
showed a slight increase in PA levels on the weekend, butr we found no evidence that
weekends had any effect on either PA or NA reactivity (dara not shown).

DISCUSSION

To our knowledge, this is the first study of the influence of negative and positive
minor events on mood states in clinically depressed and healchy individuals in their
natural environment. Some of the findings are surprising or counterintuitive. For
example, MDD participants did not report more frequent negative events, although
they did report fewer positive events and appraised both types of events as more
stressful. Mood responses to negative events were more pronounced in the healchy
participants, whereas mood responses to positive events were larger in depressed
participants. Events experienced as more stressful influenced the magnitude of the
responses of NA and PA and contributed further to the different effects on mood
reactivity in the two groups. Within the MDD group, duration of current episode
and a positive family history for mood disorders enhanced NA responses to negative
events, but responses remained blunted compared to healthy participants.

The finding that healthy and depressed participants reported similar numbers of

negative events contradicts results of most previous studies. Using retrospective re-
search designs, these studies found more frequent negative daily events in people with
MDD (Grosscup & Lewinsohn, 1980; Lewinsohn, 1975; Lewinsohn & Amenson,
1978; Ravindran, Griffiths, Waddell, & Anisman, 1995; for an exception, see
Coyne, Aldwin, & Lazarus, 1981). Given the methodological limitations inherentin
retrospective designs, especially in people diagnosed with MDD, our results may pro-

&9
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vide a more accurate picture of negative event frequency in MDD. The fact that we
explicitly drew a distinction berween external and internal events to avoid confound-
ing of event and disorder contributes to the robustness of our finding. Consistent
with the previous studies, depressed participants reported fewer positive events than
healthy participants. According to Gable eral. (2000), positive events are more likely
to be actively initiated by an individual, whereas negartive events are more likely to
happen spontaneously in daily life. In line with this hypothesis, symproms like lack of
energy and anhedonia in MDD could reduce the likelihood of positive event occur-
rence, as we found. Taken together, our findings underscore the need to assess both
negative and positive events in daily life, in order to obtain the best indicator of the ef-
fects of depressive sympromatology on well-being (Kanner et al., 1981; Holahan et
al., 2000).

Negative events were followed by increases in NA and decreases in PA; as in previ-
ous studies (Suls er al., 1998; van Eck et al., 1998; Marco et al., 1999; Gable et al.,
2000), these changes were enhanced when the negative event was appraised as stress-
ful. Surprisingly, although depressed participants experienced negative events as
mote unpleasant, important, and stressful, their mood responses were blunted in
comparison to healthy participants. On the one hand {event appraisals), these results
can be interpreted as evidence for environmental hypersensitivity~on the other hand
(mood changes), as evidence for hyposensitivity. Objective aspects of the events and
their timing might help reconcile the two interpretations, but these details cannot be
obtained in a naturalistic study. It has been argued that a strong and immediate re-
sponse to negative events (including physiological, affective, cognitive and behavioral
changes), followed by a rapid return to homeostasis, is beneficial for the organism in
both the short and the long term (Taylor, 1991). Given the characteristic fatigue,
cognitive dysfunctions, and motivational problems in MDD, it is plausible that indi-
viduals suffering from MDD respond less strongly to negative events, but recover
more slowly. The observed reduced mood reactivity to negative events and a more
persistent effect of prior negative events on NA in MDD are consistent with this hy-
pothess.

Could the current findings on mood reactiviry be due to ceiling or floor effects?
Given that mean NA level in depressed participants was only 2.8 on a 7-point scale, a
ceiling eftect for NA responses in MDD seems unlikely. PA responses in MDD might
potentially be blunted due to a floor effect, as mean PA was very low in this group (2.0
on a 1- to -7 scale). However, because most appraisals of negative events moderated
PA responses similarly in both groups, a floor effect seems unlikely. In addirion, de-
pressed participants with more severe symptoms displayed lower mean PA levels but
did not exhibit a greater blunting of PA response than participants with less severe
symptoms. It remains possible that low mean NA levels in the healthy group reduced
the likelihood of further decreases and that this floor effect artificially inflated the ob-
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served difference berween the two groups in NA reactivity to positive events. Ceiling
effects for PA in the healthy participants are less probable, as their mean PA level was
only 4.5 on a 7-point scale.

The literature on mood changes in daily life is dominated by studies of daily has-
sles. The current results indicate that daily uplifts are also important determinants of
mood, in both depressed and healthy people. As in a previous study (David et al.,
1997), the effects of positive events on mood states were smaller than the effects of
negative events. Compared to healthy participants, depressed participants appraised
positive events as less pleasant, more stresstul, bur equally important. In contrast to
the findings for negative events, the participants with MDD showed greater mood re-
acrivity than controls, with larger decreases in NA and increases in PA. More stressful
positive events resulted in a larger increase in NA in the depressed group, whereas
more important positive events led to a further decrease in NA. Previous research has
shown that intense PA is often preceded by periods of low PA (Diener ecal., 1991), a
phenomenon that is explained by an “opponent process” model (Solomon, 1980;
Bolger et al., 1989). In short, this theory states that intense reactions are followed by
intense opposing reactions. The observed heightened mood reactivity to positive
events in MDD may find its origin in such opponent processes.

In the depressed group, observed changes in mood states over the day are sugges-
tive of a diurnal pattern with more severe symptoms in the morning, as has been pre-
viously described (APA, 1994). Mood reactivity was largely unaftected by this diurnal
pattern, as only decreases in NA following positive events were slightly attenuated
over the course of the day.

Although mood responses to daily events were small in magnitude, the results pro-
vide important information about the daily lives of clinically depressed individuals.
The relatively strong response to positive events in participants with MDD may ex-
plain why behavioral activation in itself, intended to increase the frequency and
enjoyability of pleasant events, is an effective treatment for MDD (Jacobson et al.,
1996). Positive events may help change the attentional and behavioral focus of de-
pressed individuals (Wartkins & Teasdale, 2001), and act as a buffer against the dam-
aging effects of neuroendocrine abnormalities associared with stress (McEwen,
1998). Our results suggest that engagement in positive events may pose a compli-
cated challenge for depressed people, as they tend ro appraise them as relatively stress-
ful. In addition to an increase in PA, stressful positive events lead to an additional in-
crease in NA in depressed people. This can be understood in light of symproms such
as feeling insecure, fatigue, diminished ability to think or concenerate, and
psychomotor retardation. Two examples of positive events in the same depressed
woman may illustrarte this point. In the first example, drinking coffee with the partner
was rated as rather pleasant (5), rather important (5} and not stressful (1). Having
breakfast with all family members, which was rated as rather pleasant (5), highly im-
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portant (6}, butat the same time moderately stressful (4). Although both events were
considered pleasant and important, the second eventappears to have been more chal-
lenging. This may help clarify why itis important in behavioral therapy for MDD ro
introduce more complex and strenuous activities in daily life only after an initial im-
provement in clinical condition (Beck et al., 1979).

Significant effects of clinical characteristics in MDD on reactivity of mood states
were all related to negative events. Of particular interest is the finding of grearer NA
reactiviry in depressed participants with a positive family history. This may point to-
wards a heritable component in mood reactivity ro daily hassles, which has also been
found in the reactivity of the HPA axis (Holsboer et al., 1995).

A few limitations of the study should be noted. With respect to the clinical assess-
ments, all SCID interviews were administered by the same person, so that reliability
of the diagnosis of MDD cannot be directly evaluated. However, given that the full
SCID was administered by an experienced psychiatrist in a specialized affective disor-
der outpatient clinic, and that severity of the current episode was confirmed by
HRSD and BDI data, it seems improbable that many partients were misdiagnosed. Al-
though information about previous episodes and family history of mood disorders
was obtained systematically, ‘false negatives’ cannot be ruled out; any underreporting
of these clinical variables could lead to underestimation of their effects on mood reac-
tivity.

Sample characreristics place some constraints on generalization of resules. The
current MDD sample consisted of individuals presenting for outpatient treatment at
a mental health care facility, and results may not necessarily apply to depressed people
in the community or in other treatment settings. The healthy comparison group dif-
fered from the MDD group in educational level and in employment status (mainly
due to MDD-related work disability) - sociodemographic variables thar potentially
influence exposure to different kinds of daily events. Theiractual influence cannotbe
determined. However, the absence of significant weekend vs. weekday effects sug-
gests that work-related differences in daily activity patterns or stressors are unlikely to
explain the differences in mood reactivity in the two groups. Similarly, mood reactivi-
ty results were essentially unchanged after addition of educational level as a predicror
in the multilevel model.

Mood and event data may also have been vulnerable to certain sources of error.
Even with a time sampling approach like ESM, rerrospective bias cannot be enrirely
ruled our. Evenrt assessment was based on self-reports only, as there was no pracical
means of verifying event occurrence. The method of event assessment makes ir also
impossible to clarify if similar events were classified differently (either positive or neg-
ative) by depressed and healthy participants. This may have affected the comparison
of event frequencies between the groups. Furthermore, the causal association be-
tween events and mood states cannot be firmly established, aseventand mood reports
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were collected at the same points in time. Current mood levels could, for example, in-
fluence the probability of reporting positive or negative events in the preceding inter-
val. The finding that prior events, controlling for effects of current events, were asso-
ciated with persistent changes in both mood states does support our assumprion that
events influenced mood and not vice versa. The multilevel model used in this analysis
did notallow us to test the hypothesis that current mood alters the probability that fu-
wure events will occur; this could be the case if, for example, high NA increased the
probability of getring involved in an argument in the near future. Finally, there may
have been inaccuracies in participants’ reports of the times at which they completed
the ESM forms (Litt et al., 1998). Salivary cortisol measures collected at the same
times as the ESM measures show clear diurnal curves (Peetersetal., 2002), suggesting
that most of the participants were able to comply with the procedure most of the time.
More importantly, we have no reason to suspect that MDD and healthy participants
differed in their compliance with the protocol in any way that could have systemati-
cally biased the results.

This study contributes new information about the effects of daily events on mood
states in clinically depressed individuals. Results indicate that depressed individuals
responded less strongly to negative events, but exhibited larger mood responses to
positive events than non-depressed individuals. Given that low PA is a key feature of
mood in MDD, these findings suggest that clinical interventions focused on daily ex-
perience may be useful in elevating positive mood states. Future studies should ad-
dress neuroendocrine responses associated with changes in mood states in depressed
people. Finally, it is important to investigate whether mood reactivity normalizes fol-
lowing clinical recovery.
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ABSTRACT

Abnormal responses of the hypothalamic-pituitary-adrenal (HPA) axis to stress are
thought to be involved in the pathophysiology of major depressive disorder (MDD).
The aim of the present study was to determine whether cortisol responses to negative
and positive daily events in depressed participants (n = 47) differed from such
responses in healthy participants (n = 39). We also examined the influence of clinical
characteristics and possible gender differences in cortisol responses to events. Finally,
the role of mood changes in mediating cortisol responses was assessed.

Experience sampling methodology (self-reports of mood and events, with simul-
taneous saliva samples, 10 times each day for 6 consecutive days) and multilevel re-
gression analysis were used to examine the relationship between events in daily life
and salivary cortisol levels.

In contrast to healthy participants, depressed participants showed no increase in
cortisol following negative events. Responses were even more blunted in depressed
participants with a family history of mood disorders. Although the effects of negative
events on cortisol responses appeared to be mediated by changes in mood, negative af-
fect tended to be less closely associated with cortisol levels in depressed participants.
Depressed women showed larger cortisol responses to negative events than depressed
men. Positive events had no effect on cortisol levels in either group.

These results suggest thar responses of the HPA axis to negative daily events and
mood changes are blunted in MDD. Future studies will need to address whether
these abnormalities disappear after clinical recovery.

INTRODUCTION

Over the past decades, many studies have documented thar abnormalities at various
levels of the hypothalamic-pituirary-adrenal (HPA) axis are involved in development
and course of major depressive disorder (Holsboer, 2001; McQuade & Young,
2000). Altered responsivity of the HPA axis to stress is thought to be one of these
abnormalities. To date, normal or blunted cortisol responses to experimental stress in
major depressive disorder (MDD) have been reported following exposure to surgical
(Breier et al., 1988; Kudoh et al., 2000), cognitive (Croes et al., 1993; Gotthardt et
al., 1995; Trestman et al., 1991) or social stressors (Heim et al., 2000; Young, Lopez
er al., 2000). However, it is not clear whether responses to experimental stressors
provide a valid representation of the affective and neuroendocrine processes that
occur in individuals reacting to stressors in their daily lives. Studies thar have
addressed this issue reported non-significant correlations between cortisol responses
to laboratory tasks and cortisol responses to stressful events in the field (Houtman &
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Bakker, 1987; Lundberg et al., 1990; van Eck et al,, 1996). If abnormal HPA axis
responses to stress are indeed involved in the pathophysiology of MDD, they should
also manifest themselves in everyday life. Therefore, the most direct test for the exis-
tence of abnormal HPA axis responsivity in MDD is the study of stress responses in
the everyday environment.

Negative daily events are followed by increases in negative affect (NA) and de-
creases in positive affect (PA) (Gable et al., 2000; Marco et al., 1999; van Eck et al.,
1998). Mood changes have been found to mediate cortisol responses to everyday
stressors (Buchanan et al., 1999; Smyth et al., 1998; van Eck er al., 1996). Given our
recent finding that changes in NA and PA following negative daily events are blunted
in depressed outpatients compared to healthy subjects (Peeters ev al., in press), we hy-
pothesize that cortisol responses to such events in MDD may also be blunred.

In the psychiatric and psychological literature, much attention has been paid ro at-
fective and biological responses to negative events, whereas the effeces of positive daily
events have been much less intensively investigated. Positive events are associated
with lower NA and higher PA ( Clark & Watson, 1988; David et al., 1997; Gable et
al., 2000; Peeters et al., 2002a). Evidence for effects of positive events on cortisol se-
cretion is equivocal. Previous work reported decreases (Berk et al., 1989; Hubert &
de Jong-Meyer, 1989), increases (Brown et al., 1993) or no changes (Clark er al,,
2001; Hubert & de Jong-Meyer, 1991a, 1991b) in cortisol levels following experi-
mental induction of positive mood. Effects of positive events in daily life on cortisol
have never been studied. Such knowledge is clinically potentially relevant, given sug-
gestions that positive daily events and subsequent mood changes may act as a buffer
against damaging effects of HPA axis abnormalities resulting from chronic stress and
MDD (McEwen, 1998; Sapolsky, 1996).

In recent years, daily process designs such as the Experience Sampling Method
(ESM) (deVries, 1992) have been shown to be valid and reliable techniques for the si-
mulraneous assessment of events, mood, and cortisol in the natural environment
(Smyth et al., 1998; van Eck et al., 1996). In this study, we used ESM to examine
cortisol responses to negative and positive events in the daily lives of depressed and
healthy individuals. Our first aim was to test whether cortisol responses to daily
events differ in magnitude between depressed and healthy individuals. Secondly, ab-
normalities of the HPA axis in MDD have been reported to be influenced by clinical
characteristics such as severity (Nelson & Davis, 1997), length of the current depres-
sive episode (Oldehinkel et al., 2001; Posener et al., 2000), number of previous epi-
sodes (Rybakowski & Twardowska, 1999), and positive family history (Holsboer et
al., 1995). Therefore, associations between these characteristics in depressed subjects
and cortisol responses to events were tested. Thirdly, associations between changes in
mood states and cortisol levels in both groups were investigated. Fourthly, we exam-
ined whether the influence of daily events on cortisol is mediated by mood changes.
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Finally, we tested the influence of gender on cortisol responses, as stronger responses
of the HPA axis to stress have been hypothesized to contribute to the higher preva-
lence of MDD in women (Young & Korszun, 1999).

METHOD

Subjects

Forty-seven depressed subjects were recruited among patients secking treatment at
the local community mental health center or the outpatient clinic of the regional
psychiatric hospital in Maastricht, the Netherlands. The main inclusion criterium
was a primary diagnosis of major depressive disorder, as assessed with the Structured
Clinical Interview for DSM-IV (SCID-I; First et al., 1995) by a research psychiatrist
(E.P.). The SCID-I also provides information on length of the current episode and
the presence of previous episodes. Information on family history for mood disorders
was also obtained. Entry was restricted to patients 18-63 years of age with a score of 2
18 on the 17-item Hamilton Depression Rating Scale (HDRS; Hamilton, 1967).
Exclusion criteria were substance abuse in the last six months, psychotic symproms,
bipolar disorder, pregnancy, weight loss exceeding 15% in the previous 6 months,
endocrine and rheumatic disorders, medications (including antidepressants) known
to affect the HPA axis, and insufficient fluency in Dutch. In cases where previously
prescribed antidepressants were judged to be clinically ineffective, these drugs were
tapered off; subjects were then allowed ro participate in the study after a medica-
tion-free interval of at least 1 week (this applied to 5 subjects, none of whom used
Huoxetine). Use of previously prescribed low-dose benzodiazepines was allowed (8
subjects),

Thirty-nine healchy subjects, matched as a group o the patient sample for gender
and age, were recruited from available research pools and through a local newspaper
advertisement. Additional exclusion criteria for healthy subjects were a lifetime his-
tory of any DSM-1V axis-I disorder, or a history of inpatient treatment for an Axis I
psychiatric disorder in a first-degree relative. The study was approved by a medical
ethics commirree, and written informed consent was obtained from all subjects.

Questionnaires
Both patients and healthy subjects completed the Symptom Check List (SCL-90;

Derogatisetal., 1973). Patients also completed the Beck Depression Inventory (BDI;
Beck e al., 1961).
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Ambulatory sampling procedure

The Experience Sampling Methodology (ESM; Csikszentmihalyi & Larson, 1987;
deVries, 1992) was used to collect data from participants at selected moments during
their daily activities. Participants received auditory signals (beeps) from a wristwatch
programmed to emit 10 beeps berween 7:30 a.m. and 10:30 p.m. each day, at
semi-random intervals of approximately 90 minutes. After receiving a beep, partici-
pants completed self-report forms concerning current mood, negative and positive
events, and extraneous influences on cortisol secretion. Participants completed ESM
reports for 6 consecutive days, including a weekend. During a briefing session, study
aims and procedures were explained. In a final session, the ESM booklets were
checked for legibility and missing data. Compliance with the procedure was generally
good. The criteria set for inclusion in the analyses (more than 20 ESM repores
completed within 25 minutes after the programmed time of the beep) were met by all
participants except one depressed participant.

Measures

Mood assessment. Momentary mood states were assessed with 16 adjectives rated on
7-point scales (1 = notatall, 7 = very). Factor analyses (principal components analysis
with varimax rotation) on mean scores aggregated per subject and on within-subject z
scores identified two mood factors with eigenvalues greater than 1. These facrors
accounted for 81.1% of the toral variance in the analysis of the subject mean scores
and 46.1% of the variance in the analysis of the within-subject z scores. Ratings on
the items anxious, irritated, restless, tense, guilty, irritable, easily distracted, and agitated
were averaged to form a negative affect (NA) scale (Cronbach’s alpha = .91 based on
4535 reports). Ratings on the items energetic, enthusiastic, happy, cheerful, talkative,
strong, satisfied, and self-assured were averaged to form a positive affect (PA) scale
(alpha = .95). Mean NA (aggregated over participant means) was 1.3 (5D = .3) in
healthy participants, and 2.9 (SD = .9) in depressed participants. Mean PA levels were
4.5(8D=.9)and 2.1 (5D =.7) for healthy and depressed participants, respectively.
Stressful events. Ar each beep, participants were asked briefly to describe any posi-
tive and/or negative event that may have taken place since the last ESM report. Al-
though participants were instructed to report only events or situations that acrually
took place in their daily environment in the preceding interval, some event reports
clearly referred to internal states only (e.g., current ruminations about past events,
personal health concerns). Following pre-established criteria, the research ream iden-
tified such internal events by consensus. Reports of internal events were not used in
the analysis to avoid confounding of event and mood measures. In the depressed



group, 17% of all event reports referred to internal states compared to 7% in the
healthy group.

Salivary cortisol. At the same time ESM forms were being complered, subjects col-
lected saliva with cotton Salivettes (Sarstedt). They stored new saliva samples in their
home freezers at the end of each day. On the ESM forms, the following information
was also obtained to control for possible extraneous influences on cortisol secretion:
recent physical exertion (rated on a 7-point scale) and any food intake, alcohol, cof-
fee, smoking, or medication (e.g., benzodiazepines) in the interval berween the cur-
rent and the previous beep. In the morning, subjects recorded the time of awakening
and rated sleep quality the previous night (7-point scale}.

Uncentrifuged saliva samples were stored at —20 degrees Celsius until analysis.
Salivary free cortisol levels were determined in duplicate by direct radio-
immunoassay, using '23jodohistamine coupled to cortisol-3CMO. The lower detec-
tion limit of the assay was 0.33 nmol/L, with mean inter- and intra-assay coefficients
of variation of 8.3% and 4.3%, respectively. All samples from an individual were ana-
lyzed in the same assay to reduce sources of variability. Extreme cortisol values (> 44
nmol/L) were excluded, which applied o 12 values from different individuals, and all
data (38 samples) from one depressed subject who exhibited 11 extreme cortisol values.

Statistical analysis

Because the experience sampling observations are nested within days within partici-
pants, we estimated the effects of daily events, mood states, and individual character-
istics on cortisol secretion with multilevel or hierarchical linear analysis, which is a
variant of multiple regression appropriate for nested data. The multilevel model was
estimared using the program MLwiN (Goldstein er al., 1998).

A natural log transformation of the raw cortisol values yielded an unskewed re-
sponse variable. The regression equation for cortisol at the beep level can be expressed
as follows:

4
(LogCort),, =b,, +3 wa‘!m +e,,
g=1

where Cort jj is the raw cortisol level of participant 7 at the #-th beep on day 7. The
intercept is denoted by b, xgijt is an entry of explanatory variable xg, bgm is the cor-
responding regression coeflicient, and ejj; is an error rerm. The index m indicares
whether the participant is depressed (m = 1) or healthy (m = 0). By indexing all regres-
sion coefficients with label m, we estimated all effects separately for the depressed and
healthy participants. The error term ejj is itself a function of error terms thart caprure
the dependencies among the cortisol measurements. Such dependencies occur be-
cause two observations tend to be more similar if (a) taken at points closer in time on
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the same day, (b} taken on the same day rather than on two different days, and (¢)
taken from one participant rather than from different participants. To account for
these sources of dependency, we (a) modelled the autocorrelation between two subse-
quent observations as an exponentially decaying function of the time interval be-
tween these observations, (b) estimated day level variance to account for day-to-day
variability, and (c) estimated person level variance to account for interindividual vari-
ability in cortisol levels. Ignoring these dependencies biases the estimated standard er-
rors of the regression coefficients and may lead to incorrect inferences about the ef-
fects of the explanatory variables.

We fitred the diurnal pattern of cortisol secretion by a fourth-degree polynomial.
Fixed effects estimated at the beep-level included a number of potential confounders.
Of these, only the two variables with significant effects (recent awakening and food
intake) were retained in the final model. The secretory peak in cortisol that occurs af-
ter morning awakening (Pruessner et al., 1997) was modeled by including a variable
that took the value '1” if the saliva sample was collected less than 1 hrafter awakening,
and 0’ otherwise. Food intake in the interval preceding a beep was also
dummy-coded. The effects of other potential confounders (beep-level: physical exer-
tion, smoking, alcohol, coffee, benzodiazepines; day-level: self-reported sleep quality;
person-level: age, use of oral contraceptives, and SCL-90 anxiety score) appeared to be
not statistically significant and were excluded from the final model.

To test our main hypotheses, we included the following variables at the beep-level:
negative event (1 if a negative event had occurred, and 0 otherwise), positive event (1
if a positive event had occurred, and O otherwise), gender (1 if female, -1 if male), se-
verity of depression (BDI score centered around overall mean), duration of current
depressive episode {centered around overall mean), recurrent depressive episode
(coded-1 or 1), and positive history for mood disorders (coded--1 or 1). To examine
the influence of gender and clinical characteristics on corrisol reactivity to events, we
estimated the interaction effects of daily events (both negative and positive) with
these variables. In a second step, we entered the variable NA (negative affect, scaled
0-0), as well as the interactions of NA with negative and positive events.

To test the significance of the regression coefficients, z-scores were calculated by
dividing the estimated effect by its standard error. This ratio is approximartely nor-
mally discributed. We also tested whether the regression coefficients were statistically
different for the patient and control group. Two-tailed tests were used even when hy-
potheses were directional. Significance levels were set at alpha = .05.

4

3
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RESULTS
Subjects

Data from 84 subjects (45 depressed and 39 healthy) were used, including 3861
responses with both ecological information and a cortisol level, or 76.6 % of the
maximum possible observations. The mean number of responses was higher in the
healthy group than in the MDD group (82.6 % vs. 73.3 %; t = 2.76,df = 82, p =
.007). Demographic and clinical characteristics of depressed and healthy subjects are
presented in Table 1.

Table 1. Demographic and clinical characteristics of depressed (MDD) and healthy subjects

Varjable o ) MDD ~ Healehy p N
N 45 39
Men 19 16 9
Women 26 23
Age (years) 40 (11) 44 (12) .08
SCL-90 total score 261.4 {53.3) 109.8 (21.8) <.001
SCL-90 depression 57.4 {11.6) 18.9 (4.1) <.001
HDRS 24.0 {(3.9) —
BDI 28.6 (9.9 -
Dwuration current episode (months) 20 (range 2-120) —_
Recurrent subtype 18 (40%) —
Positive family history 25 (56%) -

Note. SCL-90 scores were missing for one depressed subject.

Frequency of daily events

In rotal, 1624 events were reported during the six days, including 591 negative and
1033 positive events. Four participants (2 in each group) reported no events. As
reported elsewhere (Peeters et al., in press), the frequency of negative events was
similar in the two groups. The healthy group, however, reported more positive
events.

Effects of dinrnal cycle, extraneous influences,
and depression on cortisol secretion

Both groups displayed a clear diurnal pattern in cortisol secretion, with high values in
the early morning declining over the rest of the day. Recent awakening and food
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Table 2. Multilevel estimates for effects of daily events and negartive affect on corrisol levels in depressed
and healthy subjects

Depressed subjects Healthy subjects Difference berween groups

B (e}

P (s.e)

Model 1

Intercept

4.793 (.063) ***

4.857 ((117) **

B

063 (133}

Negative event -.005 (.031) 09 (.028) ** S 114 (040 ¢
Positive event -.003 (.030) 000 (L023) -.003 (.039)
Gender -.007 (.052) =015 (.054) 008 (.073)
Gender x neg. event 067 L029) * 029 (.028) 038 {.041)
Gender x pos. event -.019(.028) 019 (.025) -.038 (.037)

Model 2

Intercept 4,708 (.069) *** 4.833 (L116) ¥ =124 (L135)
Negative event -.030{.032) 086 (.029) =~ -.116 (.043) **
Positive event 005 (L030) -.005 (.025) 000 (.039)
Gender 011 (.058) -.009 (.054) 020 (.079)
Gender x neg. event 071030 034 (.029) 036 {.043)
Gender x pos. event -.024 (.028) 016 (.025) -.039 (.038)

NA

041 (.015) **

079 (.026) **

~.038 (029}

-.003 (.014) -.007 (.026) 004 (.029)

MNA x gender
Note. The dependent measure is logeortisol. Estimated effects of diurnal and extraneous influences are

not shown. Model 1 provides separate estimates for basal cortisol levels (intercept), and effeces of daily
events and gender. Model 2 adds estimates for negative affecr. The multilevel analysis was based on 3861
observations nested within 85 subjects (45 depressed and 39 healthy subjects).

p<.05,*p<.01 ., p<.001

intake resulted in comparable increases in cortisol levels in both groups (results not
shown). In Table 2, cortisol levels are shown for depressed and healthy parricipants
sepamtely; differences bc‘rween bmh gn‘oups are displax‘y‘ed in the last column. As can

2, depressed participants showed no
elevarmn in basal commu ﬂtvels‘ in comparison to healthy participants.

Effects of daily events and mood states
on cortisel secretion

Model 1 (upper half of Table 2) estimated the influence of negative and positive
events on cortisol secretion in depressed and healthy subjects. Although negative
events were associated with significant cortisol increases in healthy subjects, there was
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no evidence of a cortisol response in depressed subjects. Positive events had no signifi-
cant effect on cortisol levels in either group.

With respect to clinical characteristics in the depressed group, subjects with a fam-
ily history for mood disorders showed additional blunting of cortisol responses (B =
-.083, s.e. = .028, z = 2.96, p < .01). No other clinical characteristics significantly
moderated cortisol responses.

The nexr model (see Model 2 in Table 2), added NA as a predictor to evaluate the
effect of mood on cortisol. In general, increases in NA were associated with higher
cortisol levels, with a trend towards a smaller effect in the depressed group. It should
be noted thatafter addition of NA, the effect of negative events on cortisol were atten-
uated in healthy subjects. In other words, it appears that affect mediates to some ex-
tent the relationship between negative events and cortisol found in the first model.

Finally, we examined the influence of gender on cortisol reactivity. As can be seen
in Model 1 in Table 2, gender did not influence basal cortisol levels, but depressed
women showed larger cortisol responses to negative events than depressed men. This
gender difference was not found in healthy subjects. After addition of NA in Model 2,
negative events remained associated with higher cortisol levels in depressed women.
However, cortisol responses to increases in NA were not dependent on gender in ei-
ther group. Cortisol responses to positive events were similar in women and men.

DISCUSSION

This study examined salivary cortisol responses following naturally occurring events
and mood changes in the daily lives of depressed outpatients. In contrast to healthy
subjects, depressed subjects showed no increase in cortisol following negative events.
Moreover, the positive association between negative affect and cortisol levels was
weaker in depressed than in healthy subjects. As previously reported (Buchanan eral.,
1999; Smyth et al., 1998; van Eck et al., 19906), the effects of negative events on
cortisol levels appeared to be mediated by changes in NA. Positive events had no
significant effect on cortisol levels in either group.

The observed increase in salivary cortisol following negative daily events in
healthy subjects replicates earlier findings (Smyth et al., 1998; van Eck et al., 1996).
Consistent with results from these studies, the cortisol responses to minor stressors
were apparently mediated by associated increases in NA, as addition of NA to the
model resulted in a decrease of the event effect. The reduced cortisol reactivity to neg-
ative events observed in the depressed group requires some explanation. Previous re-
ports of blunted cortisol responses in MDD have been linked to higher basal cortisol
levels (Gorthardr er al., 1995; Trestman et al., 1991; Young, Lopez et al., 2000). In
the current ourpatient sample, however, basal levels were normal. Additionally,
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Trestman et al. (Trestman etal., 1991) reported a trend towards blunted cortisol re-
sponses in a subsample of remitted depressed subjects characterized by normal basal
levels. The lack of cortisol response may result from blunted mood responses follow-
ing negative events in depressed subjects, even though they appraise such events as
more unpleasant, important, and stressful than healthy individuals (Peerers et al,,
2002a). Additionally, our results showed a trend rowards smaller cortisol responses
after similar changes in NA in depressed subjects as compared to healthy subjects,
which may indicate hyporesponsivity of the HPA axis to external stimuli.

Previously, we found more erratic cortisol levels in MDD (Peeters et al., 2002),
but the current results indicate that these are not directly linked to daily life experi-
ences. Cortisol responses to acute stressors are thought to be highly adaptive to the or-
ganism, ensuring physiological, affective, cognitive, and behavioral changes, fol-
lowed by a rapid return to homeostasis (Taylor, 1991). In this sense, blunted
responses are evidence of a general dysregulation of the HPA axis in MDD (Siever &
Davis, 1985). Even greater blunting in depressed subjects with a family history of
mood disorders suggests that altered responsiveness of the HPA axis may reflecr a ge-
netic vulnerability; this is in agreement with previously reported genetic influences
on MDD related abnormalities in basal cortisol levels (Young, Aggen et al., 2000),
and in feedback mechanisms of the HPA axis (Holsboer et al., 1995).

Positive events had no effect on cortisol. Results of previous studies are equivocal
in this respect (see Introduction). As reported elsewhere (Peeters et al., in press),
mood changes following positive events in daily life were smaller than the mood
changes seen after negative events and may thus be insufficient to influence the HPA
axis. Moreover, characteristics of stimuli capable of lowering cortisol are poorly un-
derstood.

Depressed women showed larger cortisol responses to negative events than de-
pressed men. This cannot be explained by larger mood responses following daily
events, as these were similar in depressed women and men in the same sample (Pecters
et al., in press). Also, the current results show that larger cortisol responses to similar
changes in mood cannot be held responsible. It is possible that addirional variables
such as social support (Kirschbaum et al., 1995), cognitive processes (e.g., rumina-
tion; Nolen-Hoeksema et al., 1999}, modulatory effects of gonadal steroids (Young
& Korszun, 1999), and behavioral responses (Taylor et al., 2000) contribute to the
observed heightened HPA reactivity of depressed women.

This study has some limitations. Even in a time sampling approach like ESM, ret-
rospective bias cannot be entirely ruled out. Event assessment was based on self-re-
ports only, as there was no practical means of verifying event occurrence. Secondly,
the causal association between events, mood, and cortisol cannot be firmly estab-
lished, as data were collected at the same points in time. However, prior events, con-
trolling for effects of current events, were associated with persistent changes in both



mood states, which supports our assumption thar events influenced mood and
cortisol and not vice versa (Peeters et al., in press). Thirdly, a small subgroup of de-
pressed subjects used low dose benzodiazepines, which may have influenced cortisol
reactivity (Checkley, 1991). This seems unlikely as we previously found no associa-
tion berween benzodiazepine use and cortisol levels in this sample {Peeters et al.,
2002).

The finding that small hassles and mood fluctuations in daily life influence
cortisol levels differently in depressed and healthy subjects points to differences in
both psychological experience and biological systems in their daily lives. More gener-
ally, our results fic well with a dysregulation hypothesis of MDD (Siever & Davis,
1985); a dysregulated system is characterized by impairment of homeostasis, erratic
output, disrupted periodicities, abnormal responsivity to environmental stimuli,
slower return to basal activity after pertubation, and normalization following effec-
tive treatment. The clinical significance of these psychological and biological alter-
ations for illness course and response to treatment requires further examination.
Finally, Future studies should investigate whether abnormal responses to daily events
in MDD are normalized after clinical recovery.

Acknowledgments
The authors would like to thank Dr. J. Sulon, University of Liége, Belgium, for

performing the cortisol assays, and Lilly Finders, Truda Driessen, and Frieda Van
Goethem for research assistance.



CORTISOL RESPONSES IN DALY LIFE

REFERENCES

Beck, A, T., Ward, C. F., & Mendelson, M. (1961). An inventory for measuring depression. Arch Gen
Psychiatry, 4, 561-571.

Berk, L. 5., Tan, S A, Fry, W. F., Napier, B. ], Lee, |. W., Hubbard, R, W, Lewis, ] E., & Eby, W. C.
(1989). Neuroendocrine and stress hormone changes during mirchful laughrer. Am | Med Sei,
298(6), 390-396.

Breier, A, Wolkowitz, O. M., Doran, A. R, Bellar, S., & Pickar, D. (1988). Neurobiological effects of
lumbar puncrure stress in psychiatric patients and healthy volunteers. f “sechiatry Res, 25, 187194,

Brown, W. A, Sirota, A. ., Niaura, R., & Engebreson, T. Q. (1993}, Endocrine correlates of sadness
and elatior. Psychosom Med, 55(5), 458—467.

Buchanan, T. W, al’Absi, M., & Lovallo, W. R. (1999}. Cortisol flucruates with inereases and decreases
on negarive affect. Prychonevroendoerinology, 24, 227-241,

Checldey, 5. (1991). Neuroendocrine effects of psychorropic drugs. Baillieres Clin Endocrinol Metab,
5(1), 15-33.

Clark, L., Iversen, 5. D., & Goodwin, G. M. (2001). The influence of pasitive and negative mood seates
on risk taking, verbal fluency, and salivary cortisol. J Affect Disord, 63(1-3), 179-187.

Clark, L. A., & Warson, D. (1988). Mood and the mundane: relations berween daily life events and
self-reported mood. J Pers Soc Prychol, 54(2), 296-308.

Croes, 8., Merz, P, & Netter, P. (1993), Cortisol reaction in success and failure condition in endogenous
depressed patientts and controls. Prychonenroendocrinology, 18(1), 23-35.

Csikszentmihalyi, M., & Larson, R. (1987). Validity and reliability of the Experience-Sampling Mechod.
J Nevw Ment Dis, 175(9), 526-536.

David, J. P., Green, P. J., Martin, R., & Suls, J. (1997). Differential roles of neuroticism, extraversion,
and event desirability for mood in daily life: an integrative model of top-down and bottom-up influ-
ences. [ Pers Soc Paychol, 73(1), 149-159.

Derogatis, L., Lipman, R., 8 Cori, L. {1973). SCL-90, an outpatient rating scale. Preliminary report,
Psychepbarmacol Bull, 9, 542-575.

deVries, M. (Ed.). (1992). The experience of psychopathology: nvestigating mental disorders in their narural
setvings. Cambridge: Cambridge University Press.

First, M. B., Spirzer, R. L., Gibbon, M., & Williams, J. B. Y. (1995). Structured Clinical {nterview for
DSM-IV Axis | Disorelers. New York: Biometrics Research Department, New York Srare Psychiauric
Insticure.

Gable, S. L., Reis, H. T., & Elliog, A. . (2000). Behavioral acsivation and inhibition in everyday life. J
Pers Soc Psychol, 78(6), 1135-1149.

Goldstein, H., Rasbash, J., Plewis, 1, Draper, D)., Browne, W., Yang, M., Woodhouse, G., & Healy, M.
11998). A User’s Guide to MLwiN. London: Muliilevel Models Project, Tnstiture of Educadon,
Universiry of London.

Gorthardt, U, Schweiger, U., Fahrenberg, J.. Laver, C. J., Holsboer, ., & Heuser, 1. (1995). Cortisol,
ACTH, and cardiovascular response to a cognitive challenge paradigm in aging and depression. Am J
Phlysiol, 268(4 Pt 2), R865-873.

Hamilton, M. (1967). Development of a rating scale for primary depressive illness. Br ] Soc Clin Pypehol,
G(4), 278-296.

Heim, C., Newport, D |, Heit, §., Geaham, Y. P., Wilcox, M., Bonsall, R., Miller, A. H., & Nemeroff,
C. B. (2000}. Pituitary-adrenal and autonomic responses to stress in women afrer suml and physical
abuse in childhood. JAMA, 284(3), 592-597.

Holsboer, F. (2001). Stress, hypercortisolism and corticosteroid receptors in depression: implicatons for

therapy. J Affect Disord, 62(1-2}, 77-91.



30

| CHAPTER 5

Holsboer, F., Laver, C. ., Schreiber, W., & Krieg, . C. (1995). Alrered hypothalamic-pitu-
itary-adrenocortical regulation in healthy subjects at high familial risk for affective disorders.
Newroendocrinology, 62(4), 340-347.

Hourman, I. L., & Bakker, F. C. (1987). Stress in student teachers during real and simulated standard-
ized lectures. | Human Seress, 13(4), 180-187.

Hubere, W., 8 de Jong-Meyer, R. (1989). Emotional siress and saliva cortisol response. J Clin Chem Clin
Biochern, 27(4), 235-237.

Hubert, W., & de Jong-Meyer, R {1991a). Autonomic, neuroendocrine, and subjective responses 1o
emotion-inducing film simuli. Jus J Peychaphysiol, 11(2), 131-140.

Hubert, W., 8 de Jong-Meyer, R. (1991b). Psychophysiological response pattecns to positive and nega-
tive filim stimuli. Biol Psychol, 31(1), 73-93.

Kisschbawm, C., Klauer, T, Filipp, S. H., & Hellhammer, D. H. {1995). Sex-specific effects of social
support on cortisol mnd subjective responses to acute psychological stress. Psychosom Med, 57(1),
213-31.

Kudoh, A, Ishihara, H., 8¢ Marsuki, A. (2000). Inhibition of the cortisol response to surgical stress in
chronically depressed patients. J Clin Anesth, 12(5}, 383-387.

Lundberg, U., Melin, B., Fredrikson, M., Tuomisto, M., & Frankenhaeuser, M. (1990). Comparison of
newroendocrine measurements under laboratory and naturalistic conditions. Pharmace! Biochem
Bebav, 37(4), 697-702.

Marco, C. A, Neale, . M., Schwarrz, J. E., Shiffman, S., & Stone, A. A. (1999). Coping with daily events
and short-term mood changes: an unexpected failure to observe effects of coping, [ Consulr Clin
Psychol, 67(5), 755-764.

McEwen, B. S. (1998). Protective and damaging effects of stress mediators. N Engl | Med, 338(3),
171-179.

McQuade, R., & Young, A. H. (2000). Future therapeutic targets in mood disorders: the glucocorticoid
receptot. Br f Psychiatry, 177, 390-395.

Nelson, J. €., & Davis, J. M. (1997). DST studies in psychotic depression: a meta-analysis. Am J Psychi-
atry, 154(11), 1497-1503.

Nolen-Hoeksema, 8., Larson, ., & Grayson, C. (1999). Explaining the gender difference in depressive
symptoms. / Pers Soc Peychol, 77(5), 1061-1072.

Oddehinkeal, 8% dren b, W0 reege, b Bodiies, WL @ Hors, G, & Ormel, ] U0,
Urinary f"n( cortisol exeretion in elderly persons with minor and major depression. Poychiarry Res,
104(1), 39-47.

Peeters, 1. P M. L., Nicolson, N. A., Berkhof, J., Delespaul, P, & DeVries, M. {2002a). Effeccs of daily
events on mood states in major depressive disorder. ] Abnorm Psychol, in press.

Peeters, F, P, M. L., Nicolson, WN. A, & Berkhof, J. (2002). Levels and variability of daily life cortisol
secretion in major depression. submiitted.

Posener, §. A, DeBaitista, C., Williams, G. H., Kraemer, H. C., Kalehzan, B. M., & Schauzherg, AL F.
{20000, 24-Hour monitoring of cortisol and COTtICOtTOPLN SECretion in p;syclmriic and n(mpsychoufic
major depression. Arch Ges Prychiatry, 57(8), 755-760.

Pruessner, J. C., Wolf, O. T., Hellhammer, D. H., Buske-Kirschbaum, A., von Auer, K., Jobst, S.,
Kaspers, F., & Kischbaum, C. (1997). Free cortisol levels after awakening: a reliable biolegical

essment of adrenocortical activiey, Life Sciences, 61(26), 2539-2549.

Rybakowski, J. K., & Twardowska, K. (1999). The dexamethasone/corticotropin-releasing hormone test

marker for the a

in depression in bipolar and unipolar affective illness. J Pspebiasr Res, 33(5), 363-370.
Sapolsky, R. M. (1996). Why stress is bad for your brain. Seience, 273(5276), 749-750.
Siever, L. J., & Davis, K. L. (1985). Overview: toward a dysregulation hypothesis of depression. 4m J
Peyehiarry, 142(9), 10171031,



CORTISOL RESPONSES IN DAILY LIFE ] 91

Smiyth, ], Ockenfels, M. C., Porter, L., Kirschbaum, C., Hellhammer, D. H., & Stone, A A, (1998).
Stressors and mood measured on 2 momentary basis are associated with salivary cortisol secrenion.
Psychoneuroendocrinology, 23(4), 353-370.

Taylor, S. E. {1991). Asymmerrical effecis of positive and negative events: the mobilization-
minimization hypothesis. Prypchol Bull, 110(1), 67-85.

Taylor, S. E., Klein, L. C., Lewis, B. P., Gruenewald, T. L., Gurung, R. A., & Updegraff, J. A. (2000},
Biobehavioral responses to stress in females: rend-and-befriend, not fight-or-flight. Psyehol Rev,
107(3), 411429,

Trestman, R. L., Coccaro, E. F., Bernstein, D., Lawrence, T, Gabriel, S. M., Horvath, T. B., & Sicver, L.
J. (1991). Cortisol responses to mental arichmetic in acute and remirted depression. Biol Peyehiany,
29(10), 1051-1054.

van Eck, M., Berkhof, H., Nicolson, N., & Sulon, J. (1996). The effects of perceived stress, traits, mood
states, and stressful daily events on salivary cortisol. Psychosom Med, 58(5), 447-458.

van Eck, M., Nicolson, N., Berkhof, H., & Sulon, J. (1996). Individual differences in cortisol responses
to a laboratory speech task and their relationship to responses to stressful daily events. Biol Poyehel,
43(1), 69-84.

van Eck, M., Nicolson, N. A., & Berkhof, J. (1998). Effects of scressful daily events on mood states: rela-
tionship to global perceived stress. [ Perr Soc Prychol, 75(6), 1572-1585.

Young, E., & Korszun, A. (1999). Women, stress, and depression: sex differences in hypothalamic-piru-
itary-adrenal axis regulation. In. E. Leibenluft (Ed.), Gender differences in mood and anxiery disorders
(Vol. 18,3, pp. 31-52). Washingron, [XC: American Psychiaeric Press.

Young, E. A, Aggen, S. H., Prescoct, C. AL, & Kendler, K. 5. (2000). Similarivy in saliva cortisol measures
in monozygotic rwins and the influence of past major depression. Biol Psychiatry, 48(1), 70-74.

Young, E. A, Lopez, ]. F.,, Murphy-Weinberg, V., Watson, 5. |, & Akil, H. (2000). Hormonal evidence
for altered responsiveness to social stress in major depression. Newropsychopharmacology, 23(4),

411-418.






CORTISOL RESPONSES TO A SPEECH TASK ‘ 93

CHAPTER 6

Cortisol responses to a speech task in major
depression and their relationship to cortisol
responses to negative events in daily life

Frenk Peeters, Nancy A. Nicolson, Johannes Berkhof.
Submitted,



4| CHAPTER 6

ABSTRACT

Abnormal responses of the hypothalamic-pituitary-adrenal (HPA) axis ro stressful
stimuli are considered to be an element of the pathophysiology of major depressive
disorder. Normal or blunted cortisol responses to various experimental stressful
stimuli have been reported previously in clinically depressed individuals. However,
no evidence exists that cortisol responses following laboratory stressors represent
stress responses occurring in daily life.

The aims of the present study were to examine cortisol responses to an experimen-
tal stressor (speech task) in clinically depressed outpatients compared to healthy sub-
jects, to investigate gender differences in both rypes of stress responses, and to deter-
mine whether cortisol responses to the laboratory stressor correlate with cortisol
responses to naturally occurring stressors in daily life.

We found no differences between depressed and healthy subjects in cortisol
responses to the experimental stressor. Cortisol responses to the laboratory stressor
were larger in men than in women. In contrast, cortisol responses to negative events
in daily life were smaller in depressed than in healthy subjects, with women exhibiting
larger cortisol responses than men. We found a strong correlation between laboratory
and daily life baseline cortisol levels, but no association berween cortisol responses in
the laboratory and cortisol responses in daily life. Multiple measurements of stress
responses across a variety of daily life situations may be more appropriate for studying
individual differences in stress reactivity than responses under standarized conditions.

INTRODUCTION

The hypothalamic-pituitary-adrenal (HPA) axis is an important neuroendocrine

system that is involved in responses of the organism to stress. Abnormal responsivity
of the HPA axis to stress is thought to play a role in the pathophysiology of major
depressive disorder (Holsboer, 2001). To date, normal or blunted cortisol responses
to experimental stress in major depressive disorder (MDD) have been reported
following surgical (Breier et al., 1988; Kudoh et al., 2000), cognitive (Croes et al.,
1993; Gorthardrer al., 1999; Trestman et al.,, 1991), and social stressors (Heim er al.,
2000; Young et al., 2000).

If abnormal HPA axis responses to stress are indeed involved in the
pathophysiology of MDD, they should manifest themselves in daily life siruations.
Therefore, the usefulness of laboratory assessments depends on the assumption that
responses to stress in the laboratory are representative of those occurring in daily life.
Three studies specifically addressed the relationship between cortisol responses 1o
psychosocial stressors in laboratory and daily life settings (Fourman & Bakker, 1987;
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Lundberg et al.,, 1990; van Eck et al., 1996); none found a significant correlation be-
rween laboratory and field responses. To date, no study has examined the correlation
berween cortisol responses to an experimental stressor and to stressors in daily life in
MDD.

The present study had several aims. Firstly, we examined cortisol responses to an
experimental social stressor (speech task) in clinically depressed outpatients com-
pared to healthy subjects. Secondly, because a heightened sensitivity to stress in
women has been hypothesized to contribute to che greater prevalence of MDD in
women (Young & Korszun, 1999), we tested gender differences in the laboratory
cortisol response. Finally, we examined whether cortisol responses to a laboratory
stressor correlate with cortisol responses to naturally occurring stressors in daily life.

METHODS

Subjects

Forty-seven depressed subjects were recruited among patients secking treatment at
the community mental health center or the outpatient clinic of the regional psychi-
primary diagnosis of major depressive disorder, as assessed with the Structured Clin-
ical Interview for DSM-IV (SCID-I; First et al., 1995) by a research psychiacrist
(F.P.). Entry was restricted to patients 18-65 years of age with a score of 2 18 on the
17-item Hamilton Depression Rating Scale (HDRS; Hamilton, 1967). Exclusion
criteria were substance abuse in the last six months, psychotic symptoms, bipolar
disorder, pregnancy, weighrt loss exceeding 15% in the previous 6 months, endocrine
and rheumaric disorders, medications (including antidepressants) known to affect
the HPA axis, and insufficient Huency in Dutch. At intake, five subjects had been
taking antidepressants that were judged to be clinically ineftective; these drugs were
tapered off, and subjects were then allowed ro participate in the study after a medica-
tion-free interval of at least one week (none used fluoxetine). Use of previously
prescribed low-dose benzodiazepines was allowed (this applied to eight subjects). As
reported elsewhere, use of benzodiazepines had no influence on cortisol levels in our
sample (Peerters et al., 2002).

Thirty-nine healthy subjects, marched as a group to the patient sample for gender
and age, were recruited from the community. Additional exclusion criteria werea life-
time history of any DSM-1V axis-[ disorder or a history of inpatient treatment for an
Axis I psychiatric disorder in a first-degree relative. The study was approved by a med-
ical ethics committee, and written informed consent was obrained from all subjects.

93
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Assessment of stress reactivity in the laboratory

Cortisol and emotional responses to an experimental stressor were measured in the
laboratory during a speech rask (Stress Inducing Speech Task; SIST). Subjects were
asked to prepare (10 min.) and deliver (5 min.) a speech concerning their best and
worst personal characteristics. They were told that their presentations would be
videotaped for later analysis by a team of psychologists. The SIST has been shown ro
induce cortisol elevations within 15 minutes (Nicolson et al., 1997; van Eck et al.,
1996).

The SIST ook place at 10.00h. Saliva samples were collected with the Saliverte
device (Sarstedt) before subjects received instructions concerning the SIST (T0), im-
mediately after their preparation (T10), after speech delivery (T15), and four times
during a recovery period in which subjects read neutral magazines (T25, T40, T60,
T90).

After receiving instructions concerning the SIST, two depressed subjects declined
to participate. The SIST was prematurely aborted by the research assistant in four de-
pressed subjects because of strang emotional reactions. Additionally, we excluded
nine (five depressed and four healthy) subjects for whom cortisol data were missing,
due to insufficient saliva in the Salivette on any of the first 4 SIST measurements.

Assessment of stress reactivity in daily life

The Experience Sampling Methodology (ESM; Csikszentmihalyi & Larson, 1987;
deVries, 1992) was used to measure cortisol responses to daily events. Participants
received auditory sighals (beeps) from a wristwarch programmed to emit 10 beeps
between 07.30h and 22.30h each day, at semi-random intervals of approximately 90
minutes. After each beep, participants completed self-report forms concerning
current mood stares and possible confounding influences (e.g., food intake) on
cortisol secretion. They were also asked to describe any negative evenrt that may have
taken place since the last ESM report. At the same time, subjects collected saliva with
the Salivette device, labelling each tube with the actual time of saliva collection.
Participants completed ESM reports for six consecutive days. Procedures used in this
partof the study are described in detail elsewhere (Peeters etal., 2002; Peetersetal., in
press).

Compliance with the ESM procedure was good. The criteria set for inclusion in
the analyses (more than 20 ESM reports and associated saliva samples completed
within 25 minutes after the programmed time of the beep) were mert by all partici-
pants except one depressed participant. The final data ser included 3861 valid re-
sponses with both ecological information and a cortisol level, or 76.6 % of the maxi-
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mum possible observations. A total of 591 negarive daily events were reported. Four
participants (two in each group) reported no negative events.

Biochemical analysis

Uncentrifuged saliva samples were stored at —20 degrees Celsius until analysis. Sali-
vary free cortisol levels were determined in duplicate by direct radioimmunoassay,
using '25iodohistamine coupled to cortisol-3CMO. The lower detection limit of the
assay was 0.33 nmol/L, with mean inter- and intra-assay coefficients of variation of
8.3% and 4.3%, respectively. All samples from an individual were analyzed in the
same assay to reduce sources of variability.

Extreme cortisol values (> 44 nmol/L) were excluded, which applied to 12 values
from different individuals; all data (38 samples) were excluded from one depressed
subject with 11 extreme cortisol values.

Statistical analysis

All cortisol values were log transformed, yielding an unskewed response variable.
Group and gender differences were tested with t-tests or Chi-square tests. Laboratory
response (L.Response) was defined following the description of Diedrich and Gehrke
(Diedrich & Gehrke, 1992). Firstly, daily life cortisol levels at the same points in time
as the first four SIST measurements (T0 through T25) were calculated for all subjects
separately. This was done by computing individual regression coefficients on the
basis of mean cortisol levels over 6 days at the second (+ 09.45h) and third (+ 11.1 5h)
ESM beep. Next, these calculated daily life cortisol levels were substracted from the
observed cortisol levels during the SIST for each subject. Finally, L.Response was
expressed as the regression coefficient of the differences between the observed and
predicted cortisol levels. The resulting laboratory responses are independent of abso-
lute hormone levels and take the normal decline of cortisol levels at this time of the
morning into account. Non-response to the SIST was defined as L.Response < 0.
Multivariate analysis of variance for repeated measures (MANOVA]) was used to test
for main and interaction effects of the factors group (depressed vs. healthy) and
gender during the entire stay in the laboratory (TO through T90). L.Basal was
included as a covariare.

As the SIST always started at 10.00h, basal field cortisol levels (F.Basal) were de-
fined as the mean level over 6 days at the second daily sampling point (+ 09.45h).
F.Basal was missing for two depressed subjects.

Multilevel regression modelling (Bryk & Raudenbush, 1992}, a variant of multi-
ple regression appropriate for nested data, was used for the analysis of the field cortisol
data; details have been presented elsewhere (Peeters et al., 2002). Individual cortisol
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response estimates to negative events in daily life were calculated using an empirical
Bayes approach (Morris, 1983). These response estimates are weighred averages of an
overall regression estimate (based on the whole dataser) and a person-specific regres-
sion estimate. Individual response scores in daily life (F.Response) were estimarted af-
ter diurnal patterns and confounding factors (e.g., food intake) with significant ef-
fects on cortisol levels were controlled for in the multilevel model. Non-response in
daily life was defined as F.Response < 0. The association between cortisol responses in
the laboratory and in daily life was tested with Spearman rank-order correlations.

RESULTS
Subjects

With respect to the experimental stress task, the final darta set included 36 depressed
and 35 healthy subjects. The depressed group was composed of 20 women and 16
men, the healthy group of 21 women and 14 men (Chi-square = 1.4, df = 1, p = .71).
The mean age was 39.8 years (s.d. 10.8) in the depressed and 44.9 years (s.d. 11.9) in
the healthy group (t = 1.92, df = 69, p = .06). In the depressed group, six out of 20
women used oral contraceptives; in the healthy group this was six out of 21
(Chi-square = .01, df = 1, p = .92). Mean HDRS-score in the depressed group was
23.4 (s.d. 3.7).

As aresult of the exclusion procedures, the comparison between cortisol reactivity
in the laboratory and in daily life was restricted to 32 depressed and 34 healthy sub-
jects. These groups of depressed and healthy subjects did not differ in mean age (t =
1.74, df = 64, p = .09), gender composition (Chi-square = .21, df = 1, p = .65), or use
of oral contraceptives (Chi-square = .01, df = 1, p = .91).

Cortisol reactivity in the laboratory

Salivary cortisol responses to the SIST in the depressed and healthy groups are shown
in Figure 1. Mean cortisol levels in daily life for the two groups, taken around 09.45h
and 1.15h, are also displayed in the figure.

The repeated measures MANOVA showed a significant change in cortisol levels
during the SIST [F(5,61) = 4.32. p = .002], but no difference between depressed and
healthy subjects [F(5,61) = .74, p = .59]. With respect to the time course of the re-
sponse, no difference between depressed and healthy subjects was detected [time by

group; F(5,325) = .39, p = .77].
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Figure 1. Mean (s.c.) cortisol levels during the SIST and daily life cortisol fevels in 30 depressed

(MDD) and 35 healthy subjects

Table 1. Means (s.d.) of baseline and response variables in the laboratory and in daily life for depressed

(MDD} and healthy subjects.

- MDD Healthy
F.Basal (nmol/L) 8.25 (4.79) 7.79 (5.65)
L.Basal (nmol/1.) 8.65 (5.04) 8.91 (7.34)
Cortsol peak response {nmol/L) 4.12 (1.39) 3.66 (1.59)
L.Response - .98 (.74) - 007 (77
F.Response ** 038 (.04) 060 (.03} -

Note. N’s vary {from 36 to 17 in depressed and 35 ro 19 in healthy subjects) due ro the different
exclusion procedures (see Methods). F.Basal is mean cortisol level in daily life at £09.45h; L.Basal is
cortisol level before SIST; L.Response is cortisol response in laboratory (expressed as regression
coefficient of the differences berween abserved and predicted cortisol Jevels; see Methods); F. Response
is cartisol response in daily life (see Methods). ** p < .01

The main baseline and response variables in the laboratory and in daily life are dis-
played in Table 1. Baseline cortisol levels in the laboratory and in daily life were not
significantly different berween depressed and healthy subjects.

Depressed and healthy subjects did not differ on the L.Response measure (1= .51,
df= 67, p =.62). Non-response to the SIST (L.Response < 0) occurred in 16 healthy
and in 19 depressed subjects (Chi-square =.35, df = 1, p=.55). Usinga more stringent
definition of ‘response’ (peak increment of > 2.76 nmol/L; Kirschbaum &
Hellhammer, 1989), we found no difference in number of responders in the de-

pressed (n = 7) and healthy (n = 5) groups (Chi-square = .34, df = 1, p = .56).
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In the repeated measures analysis, men showed a larger response than women
(F(5,61) = 2.34, p = .05], but no interaction effect between group (depressed vs.
healthy) and gender was found [F(5,61) = .79, p =.56]. L. Response (t = 2.57, df = 67,
p =.01) were also higher in men than women. Women were more likely than men to
show non-response (Chi-square = 5.29, df = 1, p= .02). Using the stringent response
measure, more men (n = 9) than women (n = 3) were responders (Chi-square = 6.35,

df=1,p=.01}.
Comparison of cortisol reactivity in the laborarory and in daily life

Cortisol levels at T0 (L.Basal) and F.Basal were highly correlated (r = .63, p <.001),
and did not differ significantly from each other in the combined sample (t=-.66, df =
68, p = .51). L.Basal and F.Basal did not differ berween depressed and healthy
subjects (see Table 1). Over all subjects, the mean cortisol levels at T60 (approximally
11.00h) in the laboratory (4.93 nmol/L, s.d., 3.11) were significantly lower than
levels taken in the field (5.57, 5.d., 3.05) at approximately 11.15h (t=3.60, df = 68, p
=.001). These laboratory and field cortisol levels showed a moderately strong correla-
ton {r = .59, p <.001).

Table 1 shows means and standard deviations of cortisol response estimates in
daily life (F.Response) in the two groups. F.Response was smaller in the depressed
group (t = 2.91, df = 80, p = .005). In contrast to the observed laboratory responses,
F.Response was larger in women (.056, s.d. =.035) than in men (038, s.d. =.037;t=
2.26, df = 80, p < .01). Noteworthy is that in the MDD group, only three subjects
showed non-response to negative events in daily life. In the healthy group, all subjeces
showed daily life cortisol responses. The association between non-response in the lab-
orarory and the field was non-significant (Chi-square = .38, df = 1, p=.54). Irappears
that the subjects in our sample were more likely to show cortisol responses to self-re-
ported negative events in daily life than to a laborarory stressor.

We next examined the relationship between cortisol responses to the SIST and in-
dividual estimates of cortisol reactivity to negative events in daily life. The correlation
for the entire sample between F.Response and L.Response (r = -.05, p = .68) was not
significant. Even within the group of SIST-responders, no significant correlation was
found berween F.Response and L.Response (r = -.11, p = .54). These correlations re-
mained non-significant when calculated for the groups of depressed and healthy sub-
jects separately.
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DISCUSSION

The first aim of this study was to compare cortisol responses to an experimental
speech task between depressed and healthy subjects. We found no differences in
cortisol response between the groups, which is consistent with earlier reports of
responses to speech tasks (Heim et al., 2000; Young et al., 2000). With respect ro the
second aim, men showed larger cortisol responses than women in the laboratory,
which is in line with other studies (Kirschbaum et al., 1999; Kirschbaum et al., 1992;
Nicolson etal., 1997). Our third aim was to compare cortisol responses to the experi-
mental stressor and naturally occurring stressors in daily life. Although the correla-
tion berween laboratory and field baseline cortisol levels was strong, we found no
association between cortisol responses to the experimental stressor and responses to
stressors in daily life. In contrast with their responses in the laboratory, women
showed larger cortisol responses in daily life than men.

The normal cortisol responses to a social stressor in MDD are in contrast with the
blunted cortisol responses observed in depressed patients following cognitive stress-
ors (Croes et al., 1993; Gorthardt et al., 1995; Trestman et al., 1991). One reason for
this discrepancy may be that these cognitive stressor studies relied on inpatient-domi-
nated samples, as opposed to the outpatient samples used in the speech task studies;
inpatient samples tend to show more HPA axis abnormalities (Maes et al., 1994;
Thase 8& Howland, 1995). Additionally, tasks that contain both social-evaluarive and
uncontrollable components appear to elicit larger HPA axis responses than experi-
mental cognitive stressors in healthy subjects (Dickerson & Kemeny, 2002; Linden et
al., 1998). Given the clinical features of MDD (e.g., difficulties in concentration and
motivation, low self-esteem), it cannot be ruled out that cognitive and social experi-
mental stressors are different types of challenges for depressed than for healthy sub-
jects. Such a hypothesis should be tested directly in future studies.

We found a strong correlation between laboratory and daily life baseline cortisol
levels, but no association berween magnitude of cortisol responses in the laborarory
and cortisol responses in daily life. Moreover, responses in the laboratory were larger
in men than in women, but the opposite was found in field responses in the same indi-
viduals. This latter discrepancy may be explained by the effect of heterogenous vari-
ables in daily life like social support (Kirschbaum, Klauer etal., 1995), cognitive pro-
cesses (e.g., rumination; Nolen-Hoeksema etal., 1999; Young & Nolen-Hoeksema,
2001), modulatory effects of gonadal steroids (Young & Korszun, 1999}, and behav-
toral responses (Taylor et al., 2000) that are thought to mediate HPA responses.
Taken together, previous (Houtman & Bakker, 1987; Lundbergetal., 1990; van Eck
eral., 1996) and present findings provide evidence that cortisol responses in experi-
mental settings do not generalize to daily life sertings. This conclusion is in accor-
dance with results from cardiovascular studies, where baseline levels are found to be

tot
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more stable than measures of reactivity across settings (Gerin eral., 1998; Kamarck ex
al., 2000; Turner eral., 1994). One might expect that the validity of laborarory stress-
ors could be enhanced by improving their correspondence with the type of stressors
encountered in daily life. However, such an approach has not yielded significant cor-
relations berween laboratory and field responses in the past (Houtman & Bakker,
1987) and is restricted to the limited number of daily life stressors that can be simu-
lated in the laboratory. Additionally, such a laboratory approach would ignore rele-
vant event characteristics (e.g., content, severity, novelty, and duration) thar are
known ro interact with individual traits and previous experiences (Smyth etal., 1998;
van Eck et al., 1996).

This study has some limitations. First, non-response to the SIST in this sample
was relatively high and responses were fairly low compared to other studies thar used
the same rask, but were done ata later time of the day (Nicolson et al., 1997) and only
in men (van Eck eval.,, 1996). Cortisol responses to laboratory stressors administered
in the morning appear to be lower than in the afternoon, which may explain the ob-
served responses to the 10.00h SIST (Dickerson & Kemeny, 2002). Additionally, an-
ticipation to and some pre-knowledge of the task may be held responsible because
subjects were aware that a stressful task would be administered in the laboratory (a
prerequisite for ethical approval of the study). Secondly, we obrained no information
on phase of the menstrual cycle in female participants, which could have influenced
cortisol responses to stress (Kirschbaum er al., 1999).

In general, responses of the HPA axis to stressors depend on the amount of distress
and lack of control that is experienced by the individual (Biondi & Picardi, 1999).
Even under standarized conditions, the same stressor may be experienced differently
by each subject, depending on the meaning the situation has for this particular indi-
vidual. Daily process designs, such as ESM, focus on this subjective stress experience
by an individual while interacting with the daily environment. They are highly ap-
propriate for studying stress reactivity because they allow for aggregation of multiple
measurements of stress responses across a variety of sicuations in the daily life of indi-
viduals. As daily stressors are often recurrent by nature, this may be another advantage
over laboratory studies in which it appears necessary to repeat administration of the
same experimental stressor to assess reliable individual differences in neuroendocrine
responses (Gerra et al., 2001; Kirschbaum, Prussner et al., 1995; Negrao et al., 2000;
Pruessner er al., 1997). Therefore, daily process designs may give more ecologically
valid information about individual neuroendocrine responses. This is illustrated by
the main finding of the present study: normal cortisol responses under standarized
conditions did not reflect the blunted cortisol responses of depressed subjects in their
daily lives.
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CONCLUSIONS

The study described in this dissertation addressed the dynamics of mood and corrtisol
in the daily life of depressed outpatients in comparison to healthy participants with
the use of the Experience Sampling Method. Both basal patterns of mood and cortisol
as well as their reactivity to daily events were examined. Finally, reactivity of cortisol
to an experimental stressor was assessed to determine whether responses to experi-
mental stressors provide a valid representation of the neuroendocrine processes that
occur in individuals reacting ro stressors in their daily lives. The main conclusions of
the study can be summarized as follows.

— Mood in depressed outpatients was characterized by low levels of positive affect
(PA) and high, fluctuating levels of negative affect (NA). Mood in healthy subjects
was characterized by high PA, together with low and more stable levels of NA.
Daily PA levels showed a circadian rhythm in all subjects, but an increase in PA
Jevels throughout the day was only present in the depressed subjects (Chaprer 2).

- Basal cortisol levels in depressed outpatients were not elevated, but could be char-
acterized as more erratic, especially in patients with more severe and recurrent
depressive episodes (Chapter 3).

~  Responses of NA and PA to negative events in depressed subjects were blunted. In
contrast, decreases in NA and increases in PA following positive events were larger
in depressed than in healthy participants (Chapter 4).

— Cortisol responses to negative daily events were blunted in depressed subjects,
despite the absence of elevated baseline cortisol levels. Positive daily events did not
influence cortisol levels in either depressed or healthy individuals (Chapter 5).

- Cortisol responses to a speech task in the laboratory did not generalize to cortisol
responses to stressors in daily life. This held for both healthy and depressed
subjects (Chaprer 6).

GENERAL DISCUSSION
The dynamics of mood states in major depressive disorder

Building on previous research (for reviews see; Cacioppo et al., 1999; Watson et al.,
1999), the differentiation of mood stares in terms of NA and PA dimensions, instead
of the unidimensional approach used in previous studies, appeared useful in charac-
terizing MDD (Chapters 2 and 4). Loss of interest in normally pleasantactiviries (one
of the characteristic features of MDD) is most likely PA-related, whereas distressing
feelings like anxiety, restlessness, and irritation are probably reflected in high and
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more variable NA. It appears that increases in PA are involved in the global improve-
ment in mood during the day that can be seen in clinical practice. A

Previous research has shown that the low PA in MDD may be related to decreased
dopaminergic metabolism in brain structures such as the left prefrontal cortex and the
Collins, 1999; Kring & Bachorowski, 1999; Drevers, 2001; Naranjo et al., 2001).
The high levels of NA appear to be associated with heightened activation of the
amygdala and the right prefrontal cortex in MDD (LeDoux, 2000; Drevess, 2001;
Davidson eral., 2002; Drevets et al., 2002). Thus, further support for the distincrion
berween PA and NA comes from studies into the neurobiological regulation of mood.

The daily process design used in this study also allowed for the examination of
mood responses following negative and positive events. The results (Chapter 4) re-
fute, in part, the general opinion that depressed people are less responsive to environ-
mental stimuli; although this appeared to be true for negartive events, responsiveness
to positive events was enhanced. The greater mood responses following positive
events in MDD may reflect a heightened sensitivity of the behavioral facilivation sys-
tem (BES; see Chapter 2) to rewarding effects of environmental stimuli. This surpris-
ing result is in line with the recent finding that improvements in mood after
psychopharmacological stimulation with dextroamphetamine are larger in depressed
subjects than in healthy volunteers (Tremblay et al., 2002). Apparently, the BES in
MDD is highly responsive to both environmental and chemical stimuli.

One may wonder why depressed subjects, given this heightened mood reactivity
to positive events, do not engage more often in acrivities that could lead to positive
events. In an extensive review, Cacioppo et al (1999), present evidence for different
modes of evaluative activation of affective processes. They argue that in low activa-
tion states individuals are more motivared to PA-related approach than ro NA-related
avoidance. This phenomenon is known as “positivity offset” and is thought to stimu-
late the organism to learn “about novel or neutral-appearing environments and their
potential reward value” (Cacioppo etal., 1999; p. 847). However, in states characrer-
ized by higher levels of negative aftect, individuals exhibit a “negativity bias.” In such
circumstances, negative information or negative events receive more weight than pos-
itive information or positive events. This negativity bias may explain why depressed
individuals, experiencing high NA and low PA, do notengage more in positive activi-

ties that could induce more normal affective states.
The dynamics of cortisol in major depressive disovder
Based on the findings from this and others studies, an erraric pattern of cortisol secre-

tion appears to be a more widespread and core feature of HPA dysregulation in MDD
than hyperactivity per se. The current results (Chapter 3 and 5) indicate thac this
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erratic activity is not solely driven by mood lability or responses to daily stress. The
exact mechanism underlying this alteration in HPA function requires future clarifica-
tion. Cortisol is the end product of a very complex endocrine system involving many
neural structures. Increased variability in cortisol secretion represents one form of
HPA dysregulation, but it is not known how this is related to abnormalities at other
levels of the axis (e.g., secretion of corticotropin-releasing hormone, vasopressin,
adrenocorticotropin, and cortisol receptor sensitivity). The mechanism underlying
increased variability in cortisol secretion must still be elucidated. As indicated in
Chaprer 3, erratic cortisol release may be the result of a fundamental disturbance of
circadian regulatory processes or more pulsatile episodes in cortisol secretion (Yehuda
etal., 1996; Deuschle et al,, 1997). Cutrently, it is thought that contemporary anti-
depressants and drugs thar specifically target HPA function, for example by inhib-
iting cortisol biosynthesis or antagonizing CRH receptors, normalize dysfunction of
the HPA axis. Although itis generally assumed that hypercortisolemia is a prominent
feature of HPA dysfunction in MDD, this appears not to apply to outpatient
samples. As antidepressants are known to be effective in depressed outpatients, future
studies  will need to examine whether clinical remission following
psychopharmacological treatment is associated with normalization of erratic cortisol
secretion instead of normalization of hypercortisolemia.

As described in Chapter 5, cortisol responses to negative daily events were blunted
in depressed subjects, despite the absence of elevated baseline cortisol levels. This
finding contradicts the hypothesis that cortisol levels will rise in response to stressful
conditions in MDD as a result of deficient feedback capacity (Checkley, 1992, 1996;
O’Brien, 1997). Because mood appears to mediate cortisol responses to daily stressors
(Chapter 5), it seems plausible that blunted cortisol responses to negative events in
MDIJ reflect the blunted mood responses decribed in Chapter 4. It is important to
note, however, that the effects of negative events in the healthy subjects remained sig-
nificant after inclusion of NA as a predictor in the multilevel model; this suggests that
factors in addition to changes in self-reported affect are involved in cortisol responses.
Positive events had no effect on cortisol levels in either group. Taken together, the re-
sults from Chapters 4 and 5 indicate that both mood and cortisol responses to daily
events in MDD are abnormal.

Cortisol responses in the laboratory and in daily life

[n Chapter 6, cortisol responses to a speech task in the laboratory were described. In
contrast to the results for daily events, these responses appeared to be similar in
depressed and healthy subjects. Cortisol responses to the speech rask were larger in
men than in women; in daily life, however, women showed larger cortisol responses
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to stressors than men. The correlation between cortisol responses in the laboratory
and in daily life was low and non-significant. n

The divergence of laboratory and field findings for cortisol reactivity may be due
to some extent to methodological limitations, such as a relatively high non-response
to the laboratory task and assessment of laboratory cortisol responses during the
morning. However, the failure to find any relation berween these two measures of
cortisol reactivity does underscore some of the conceptual limitations of experimental
stress procedures. Laboratory experiments do not capture the heterogeneiry of stress-
ful experiences in daily life and characteristics of events (like severity, novelty, and du-
ration) that are known to influence cortisol responses. Stress experiments in the labo-
ratory are useful in the sense that (1) they can serve as a model ro build and rest
hypotheses, and (2) they allow for the measurement of additional parameters (e.g.,
fMRI). However, their ecological validity should not be assumed, bur should be
rested whenever possible.

Dysregulation of mood and cortisol as an important characteristic of major
depressive disorder

A brain-behavior model that can entirely encompass and explain the enormous body
of knowledge regarding major depressive disorder is still lacking. Although the transi-
tion into an episode of major depression can be understood as an adaptation to
internal or environmental changes (Nesse, 2000), the many abnormalities in biolog-
ical, behavioral, affective and cognitive domains indicare that an episode of MDD of
significant severity should be understood as maladaptive. One of the major character-
istics of this maladaptation may be dysregulation. Almost two decades ago, Siever and
Davis (Siever & Davis, 1985) posrulared dysregulation of neurotransmirrer systems
to be the main characteristic of MDD, rather than sheer hyper- or hypoactiviry of
such systems. According to these authors, a dysregulated system is characterized by
(1) impairment of homeostasis, (2) erratic output, (3) disrupred periodicities, (4)
abnormal responsivity to environmental stimuli, (3) slower return ro basal activity
after pertubation, and (6) normalization following effective trearment. The dynamics
of mood and cortisol in the daily life of depressed subjects scem to satisfy the criteria
of a dysregulated system. The implications of this dissertation’s findings in terms of a
dysregulation hypothesis are summarized below.

1. A dysregulated system is impaired in one or more regulatory or homeostatic
control mechanisms. Siever and Davis (1985; p. 1019) argue that homeosrasis
ensures “ that the system is appropriately responsive to incoming informacion” and
permits the system to adapt efficiently to shifts in internal organismic needs and
external stimuli.” The HPA axis is a classic example of a homeostatic system, with
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many feedback loops ensuring an equilibrium with a certain range around a set-point.
As discussed in Chaprer 3, hypercortisolemia is not a consistent finding in MDD;
elevated, normal, and even decreased cortisol levels have been reported. It may well be
that HPA function in MDD is best not examined in terms of too much or too litde
activity, but should be approached as a system with an unstable homeostatic equilib-
rium. The enormous research literature on alterations in feedback mechanisms in the
HPA axis in MDD (e.g., dexamethasone suppression test) attests clearly to the
impairment of homeostartic control.

The homeostatic control of mood also appears to be impaired. The set-points for
NA and PA are clearly altered in cases of unipolar depression. However, every experi-
enced clinician in the field of mood disorders will readily acknowledge the presence of
‘better days,” or even pronounced mood swings within episodes of MDD. Calls for
better detection of bipolar type 2 disorders, which have higher prevalence rates than
previously thought (Hirschfeld et al., 2000), and the introduction of the concept of
bipolar spectrum disorders (Akiskal, 1996) point to the clinical significance of
homeostatic control of mood in the affective disorders.

2. A dysregulated system shows signs of more erratic basal output. Such instability
can also become evident with multiple measurements. Current results (Chaprer 3)
indicate that cortisol secretion in MDD is indeed more erratic. It can be hypothesized
that aspects of vulnerability (e.g., familial loading, early adversity) combine with clin-
ical characteristics (e.g., severity, recurrence) to produce a spectrum of HPA distur-
bances in MDD, perhaps progressing over time towards more severe forms. Subtle
changes in HPA axis function, like those observed in the current outpatient sample,
may be one of the first manifestations of dysregulation.

The larger variability in NA in depressed subjects may be a sign of erratic mood
regulation, as it did not appear to be driven by external facrors like stresstul daily
events. Whether the PA levels should be considered as more erratic is questionable.
The (beep level) stability of PA levels in the depressed compared to the control group
can hardly be called erratic. The increasing levels of PA during the day in depressed
subjects, on the other hand, suggest an alteration in the basal regulation of this mood

state.

3. A dysregulated system is characterized by disturbances in normal periodicities.
Numerous studies have shown abnormalities in the circadian rhythm of the HPA axis
in MDD, a finding paralleled by disturbances in circadian rhythms of sleep, body
temperature, other hormones and neurotransmitters. Alchough analysis of circadian
rhythm in cortisol secretion was not possible, and the sampling interval of roughly 90
minutes in the current study did not yield sufficient resolution for identifying
pulsatile episodes, we found a significant difference berween the shapes of the esti-
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mared diurnal cortisol curves between depressed and healthy subjects. This finding
can be considered as indicative of abnormal periodiciry.

Alrerarions in mood regulation are well known in MDD; both global improve-
ment and deterioration of mood during the day is a common phenomenon in many
depressed patients (Leibenluft et al., 1992; Gordijn et al., 1994). The finding of a
change in the diurnal temporal pattern in PA, but not in NA, in depressed subjects
(Chaprer 2) indicates that a disturbance in normal periodicity of mood regulation is
most likely PA-related.

4. A dysregulated system is less selectively responsive to environmental stimuli. In
Chapters 4 and 5, responses of mood and cortisol to daily events were shown ro differ
from those in healthy subjects. Negative events were followed by blunted responses of
mood states and no changes in cortisol levels. The larger mood responses to positive
events in depressed subjects are more difficult o reconcile with a dysregulation
hypothesis, unless one broadens the concept of ‘less selective responses’ to both
blunted and enhanced responses.

5. Adysregulated system shows slower return to basal activity following perrubation.
As no clear cortisol responses to negative events were observed in depressed subjects,
we found no evidence for slower declines in cortisol responses after negative events in
MDD.

Based on cognitive and neurobiological theories, we expected thar changes in NA
following negative events would persist longer in depressed subjects; this was indeed
the case. One can speculate that more evidence for delayed recovery of mood emerges
if mood dynamics were studied over other time intervals than those in this study.

6. Effective treatments normalize the dysregulation. It is nor known whether the
disturbances of mood and cortisol regulation described in this dissertation normalize
following clinical remission or recovery. As the depressed participants in this study
were reassessed 18 months after study inclusion and intervening treacment, this ques-
tion can be tested in the near future.

As far as the possible etiology of this dysregulation is concerned, many questions
remain unanswered. It is very attractive and logical, but at the same time highly spec-
ulative, to consider the involvement of well-known distal and proximal risk factors
for MDD in the development of dysregulation. Although beyond the scope of this
dissertation, some general possibilities will be briefly outlined. Firstly, genetic influ-
ences may be involved, as cortisol secretion and mood regulation have been shown to
be partially under generic control (Wust et al., 2000; Myin-Germeys et al., 2001).
Secondly, early developmental factors could medify the function of the HPA axis and
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mood regulation. There is growing evidence that HPA responses to stressors in adule-
hood are altered by the experience of adversity in earlier life-stages (Heim eral., 2001;
Meyer et al., 2001). Itis not known whether such experiences influence mood regula-
tion later in life; however, the strong association between early adversity and the
development of a borderline personality disorder, typically characterized by affective
instability (Koenigsberg et al., 2002), suggests that such a relationship may well exist.
Thirdly, significant life events and chronic difficulties may play a role in the develop-
ment of dysregulation of the HPA axis and mood. It should be noted, however, thata
recent study indicates that stress-related HPA dysregulation does not necessarily lead
to MDD (Strickland et al.,, 2002). This finding suggests that HPA dysregulation
must interact with other facrors; the development of an episode of MDD is best
described within a more complex model of distal and proximal risk factors (Ormel et
al., 2001). Finally, depression itself should be considered as a contributing factor to
dysregulation. The so-called ‘scar’ and ‘kindling’ hypotheses predict that a prior
history of MDD will lead to enduring changes in biological, psychological, and inter-
personal processes. In Chapter 3, a positive association berween previous episodes of
MDD and erratic cortisol secretion was reported. It is possible thar HPA axis
dysregulation persists between episodes (Zobel et al., 2001) or is more quickly reacti-
vated by internal or external stressors in individuals with a prior history of MDD,
thereby increasing their risk for relapse and recurrence.

FUTURE DIRECTIONS

The present study has provided a number of new insights into the dynamics of mood
and cortisol in rthe daily life of depressed individuals. However, many questions
remain unanswered. Future research is needed to address the following issues:

1. It is not clear whether the parterns observed in a current episode of MDD will
normalize upon clinical recovery. Future analysis of ESM and cortisol data collecred
18 months after the initial study in a large subgroup of the original depressed partici-
pants will help answer this question. Furthermore, it will be possible to examine
whether particular patterns in the daily dynamics of mood and cortisol during the
index episode are predictive of subsequent clinical course during follow-up.

2. Ifthe observed abnormalities indeed normalize following clinical improvement, it
would be worthwile to use ESM to document the temporal patterns of change in the
dynamics of mood and cortisol during the phase of acute treatment. Although one
might ideally sample subjects continuously for at least 6-8 weeks, repeated sampling
with the use of more practical timeframes (e.g., every other week for three days) may
be sufficient. Such a detailed daily life study can address the following topics:
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— The order and pace of normalization of the dynamics of mood and cortisol during
the process of remission. Such knowledge can porentially contribute to a betrer
understanding of the nature of treatment resistance, which is generally still
described only in terms of absence of changes in scores on rating scales. Evidence
exists that NA and PA become less independent under conditions of high arousal;
perhaps this is also true in an episode of MDD (Zautra et al., 1996; Zautra et al,,
2002). It may be that an increase in PA is only possible after a decrease in NA, but
that true remission is conditional upon such an increase in PA. If this hypothesis is
correct, treatment strategies designed to promote this sequence in mood changes
could be developed.

— Some literarure indicares that different treatments are associated with different
pathways to remission and may even be related to differences in cognitive (Thase
etal., 2000), interpersonal (Weissman & Markowirz, 1994), and biological func-
tioning (Brody etal., 2001; Martin etal., 200 1) during remission. A detailed anal-
ysis of the temporal patterns in affective, endocrine, and behavioral changes in the
process of remission following different treatments may increase knowledge about
the mechanisms underlying their efficacy.

— 1In future studies, it may be possible to test whether the dynamics of mood and
cortisol in MDD are related to distal and proximal risk factors. A model inte-
grating known risk factors could be developed to test such potential relations.

FINAL REMARKS

I addition to other studies (deVries, 1992; Delespaul, 1995; Myin-Germeys, 2001;
Barge-Schaapveld & Nicolson, 2002), the present study shows the importance of
daily life studies in the field of psychopathology. The results described in Chapters 4,
5, and 6 indicate that studying depressed people in their daily environment can yield
different results than conventional questionnaire studies.

The results of the present study also contribute to a controversy in the research lit-
erature on mood disorders. Much of the research in the field of mood disorders is car-
ried out in distressed, but not clinically depressed samples (often referred to as "ana-
log’ populations). The underlying assumption in such ‘analog’ studies is that similar

<

psychological and/or biological processes operate along a continuum from distress or
neuroticism through clinical depression. The limitations and advantages of this ap-
proach have been debared extensively (Coyne, 1994; Flett et al., 1997). The results
on mood responses following events may serve as an example. Previous rescarch re-
ported larger NA responses to negative daily events in neurotic or distressed individu-
als (Sulsetal., 1998; Swendsen, 1998; van Ecketal., 1998). A larger decrease in PA in

response to negative events was found in individuals who reported greater perceived
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stress (van Eck et al., 1998). One might therefore expect to find even larger mood re-
sponses to negative events in individuals with MDD, as they are known to score high
on scales measuring neuroticism. Contrary to this expectation, the blunted mood re-
sponses in MDD (Chapter 4} suggest that findings from “analog’ populations cannot
simply be extended to depression. The experience of mild depressive feelings or tran-
sient distress is likely to differ from that of symptoms such as severe anhedonia, fa-
tigue, cognitive dysfunctions, and suicidality that characterize MDD (Santor &
Coyne, 2001). Differences between distressed and clinically depressed populations
thus appear to be not only quantitative, but also qualitative. The current results un-
derscore the necessity of investigating stress reactivity in MDD in clinically depressed
samples, despite the practical difficulties involved in such studies.

In concluding this dissertation, I have asked myself what [ have learned, as a c/ini-
cian, from this daily life study. The results were frequently surprising and sometimes
counterintuitive. During my first years in clinical practice as a psychiatrist, I started to
think of depression as a “disorder of isolation” because of the alienation that de-
pressed people experience from their direct environment and from their normal
selves. During the last two years, I discussed some of the results with patients who had
participated in the study. Based on these discussions, the term “living on the edge”
was added to my personal and qualitative view of depression. Depressed people are
more or less constantly trying to maintain a balance: a balance between too much
withdrawal from and too much interaction with their daily environment. My pa-
tients taught me that some of the results in this dissertation reflect a careful mainte-
nance of this balance. For example, | was rold thart certain situations were perceived as
positive (events) at the outset, but could easily turn into negative sicuations when they
became too complex or too strenous. Many person-environment interactions in daily
life have lost their casualness for depressed people, forcing them into srates of height-
ened vigilance. To translate the results back into a more clinical framework, depressed
outpatients experience low levels of positive engagement with their environment and
high levels of distressing emotions like anxiety, restlessness and irritation. The high
and variable NA levels in depressed patients don’tappear to be closely tied to environ-
mental factors. This disconnection between subjective experience and environment
may explain the general sense of doom and foreboding that is so often expressed by
depressed people. Tt makes intuitive sense thatr small negarive events have a minor
(mood) or no (cortisol) influence on people who are already experiencing higher lev-
els of distress; small hassles are not likely to be of great influence or worth responding
to. Even their bodies seem to tell us so, as can be deducted from the absence of cortisol
responses. Strong and immediate responses to such small events are most beneficial
for healthy people in order to return to their normal homeostasis with high levels of
well-being.



One can only speculate abour the clinical consequences of erratic cortisol secre-
tion in MDD. Cortisol is known to induce cognitive dysfunctions, mood decre-
ments, and disturbances of sleep and appetite (Holsboer, 2000). The erratic cortisol
secretion perhaps further contributes to feelings of discomfort and to the vague so-
matic complaints thar are experienced by so many depressed people (burt that are
largely ignored in today’s psychiatry; Parker er al., 2001).

It was recently shown in healthy subjects that positive emotions have a unique
ability to speed recovery from negative emotions and that this abiliry only surfaces in
the context of negative emotional arousal (Fredrickson et al., 2000; Fredrickson &
Joiner, 2002). The finding that positive events buffered the effects of negative events
most clearly in depressed participants (Chapter 4) can be seen as indirect support for
the experimental results of Frederikson et al. One can speculate (and hope) that rhis
‘undoing effect’ of positive experiences is particularly strong in depressed people, and
is an affective representation of an intrinsic restorative capability. Fortunately, such
capability can be witnessed in daily practice as many depressed people manage to cope
with and/or recover from their depression.

In the introduction of this dissertation, I expressed my astonishmenrt about the
paucity of daily life studies in depression. Although daily process studies are very de-
manding for participants and researchers alike, the results of this study do show the
value of studying depressed individuals in their daily environment. One can only
hope that this study challenges other researchers to integrate experimental, labora-
tory-based approaches and epidemiological approaches with daily life studies in de-
pression. Such integration can help to build a truly bio-psycho-social model of
MDD, increase our understanding about how hypothetical pachophysiological pro-
cesses manifest themselves in daily life, and help to bridge the gap between scientific
research and clinical practice.

CLUSTONS AND GENERAL DISCUSSION | 117
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SUMMARY

Major depressive disorder (MDD) is one of the most prevalent psychiatric disorders.
Most patients suffering from MDD are outpatients and try to deal with their psychi-
atric complaints in their natural environment. However, the vast majority of depres-
sion research is carried out in laboratories whereas daily life research is very scarce, The
studies described in this thesis, were conducted with the aim of investigating the
dynamics of mood and cortisol in depressed patients in their daily lives.

The Experience Sampling Methodology (ESM) was used to assess 47 clinically
depressed outpatients and a comparison group of 39 healthy individuals in cheir daily
environment. All participants received audirory signals (beeps) from a wristwatch
programmed to emit 10 beeps berween 7:30 a.m. and 10:30 p.m. each day, at
semi-random intervals of approximately 90 minutes. After receiving a beep,
participants completed self-report forms concerning current activities and mood
states, and were asked to describe and appraise briefly any positive and/or negative
event that may have taken place since the last ESM report. Participants complered
ESM reports for 6 consecutive days, including a weekend. While completing the
self-report forms, participants collected saliva samples for cortisol determinartion.
Additionally, a laboratory stress test (a speech task) was included, to examine the
association between stress responses in the laboratory and in daily life.

Chapter 1 describes the theoretical background of the study. It is argued that not
much is known about patterns of mood states and cortisol secretion, and the
relationship berween daily events, mood, and determinants of neuroendocrine
dysregulation in depressed patients in their natural environment. By addressing these
ropics in currently depressed and healthy individuals, the present study was designed
to fill some gaps in the theoretical models linking stress to MDD. The study
addressed five main topics; (1) patterns of mood states, (2) cortisol secretory patterns,
(3) reactivity of mood states to daily events, (4) cortisol responses to daily events, and
(5) a comparison of cortisol responses to experimental stress with cortisol responses
following daily life stress.

Basal patterns of mood in daily life are described in Chapter 2. Previous studies of
mood changes have relied on a unidimensional concepr of mood. However, rescarch
into the dimensionality of mood has provided evidence for the existence of two
relatively independent mood states; negative affect (NA) and posirive affect (PA).
The aim of this chapter was to determine whether daily levels and inter- and
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intraindividual variability of NA and PA in depressed outpatients differed from
healthy individuals. NA levels were higher and more variable, whereas PA levels were
lower in the depressed subjects in comparison to healthy subjects. NA levels showed a
(slight) decline throughout the day in both groups. The pattern of diurnal variation
in PA in depressed subjects included an increasing function with an inverred
U-shape. Daily PA levels in healthy subjects included an inverted U-shape only.

In Chapter 3, basal cortisol levels in daily life in depressed and healthy participants
are examined. Although more severe symptoms were associated with small elevations
in cortisol levels, there was no clear evidence for hypercortisolism in MDD
outpatients. MDID was characterized by a more erratic pattern of basal cortisol
secretion, especially in patients with more severe or recurrent episodes. A chaotic
pattern of cortisol secretion may be a more central feature of HPA axis dysregulation
than elevated levels, especially in MDD outpatient populations.

Chapter 4 describes the changes in NA and PA following minor negative and
positive events in MDD compared to healthy participants. Contrary to expectation,
MDD participants did not report more frequent negative events, although they did
report fewer positive events and appraised both types of events as more stressful.
Mulrilevel regression showed that both NA and PA responses to negative events were
blunted in the MDD group, whereas responses to positive events were enhanced. NA
responses to negative events persisted longer in MDD, Depressed participants with a
positive family history or longer current episode showed relatively greater NA
responses to negative events.

The cortisol responses following negative and positive daily events are described
in Chapter 5. In contrast to healthy participants, depressed participants showed no
increase in cortisol following negative events. Responses were even more blunted in
depressed participants with a family history of mood disorders. Although the effects
of negative events on cortisol responses appeared to be mediated by changes in mood,
negative affect tended to be less closely associated with cortisol levels in depressed
participants. Depressed women showed larger cortisol responses to negative events
than depressed men. Positive events had no effect on cortisol levels in either group.
These resules suggest that responses of the HPA axis to negative daily events and
mood changes are blunted in MDD,

The aims of Chapter 6 are to examine cortisol responses to an experimental
stressor (speech rask) in clinically depressed outpatients compared to healthy
subjects, to investigate gender differences in both types of stress responses, and to
determine whether cortisol responses to the laboratory stressor correlate with cortisol
responses to naturally occurring stressors in daily life. There were no differences
between depressed and healthy subjects in cortisol responses to the experimental
stressor. Cortisol responses to the laboratory stressor were larger in men than in
women. In contrast, cortisol responses to negative events in daily life were smaller in
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depressed than in healthy subjects, with women exhibiting larger cortisol responses
than men. The correlation between laboratory and daily life baseline cortisol levels
was strong, but there was no association between cortisol responses in the laboratory
and cortisol responses in daily life. Multiple measurements of stress responses across a
variety of daily life situations may be more appropriate for studying individual
differences in stress reactivity than responses under standarized conditions.

Chapter 7 summarizes and discusses the main research findings, and actempts to
integrate the results into a general framework. More specifically, the results are
discussed in terms of the dysregulation hypothesis of MDD. Finally, directions for
future studies are outlined.
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De depressieve stoornis is een van de meest voorkomende psychiatrische
aandoeningen. Veruit het grootste gedeelte van de mensen die aan een depressie
lijden, zijn niet opgenomen en leiden zo goed en kwaad als het gaat hun dagelijkse
leven. Opvallend genoeg is er echter nog maar heel weinig onderzoek verricht bij
depressieve mensen tijdens hun dagelijkse bezigheden in hun eigen dagelijkse
omgeving. Her onderzoek dar in dir proefschrift wordr beschreven, is met name
gericht geweest op het beloop van de stemming en de dagelijkse productie van cortisol
(een belangrijk stresshormoon in het menselijk lichaam) bij depressieve mensen in
hun gewone dagelijkse leven. Her onderzock is uitgevoerd met de Experience
Sampling Methode (ESM). Proefpersonen kregen een horloge dar gedurende 6 dagen
10 maal per dag een alarmsignaal gaf waarna de proefpersonen in een klein boekje
steeds vragen over stemming, bezigheden en kleine gebeurrenissen moesten
beantwoorden. Qok namen ze tijdens het beantwoorden van de vragen bij zichzelf
een speckselmonster af (met een watje) waarin later de hoeveelheid cortisol werd
bepaald.

In hoofdstuk 1 zijn de theoretische achtergronden van het onderzoek beschreven.
Hert afgelopen decennium wordter in onderzoek naar stemming in toenemende mate
gebruik gemaakt van een onderscheid in negarief affect (NA) en positief affect (PA).
NA is een verzamelnaam voor gevoelens van onwelbevinden zoals angst, nervositeit
en boosheid. PA is een reflectie van de mate van verbondenheid met de omgeving; het
wordt gemeren met begrippen als enthousiasme en alertheid. In vergelijking met
gezonde mensen, ervaren depressieve mensen een NA hoog niveau (veel angst en
nervositeit) en een laag PA niveau (weinig enthousiasme en alerdheid).
Veranderingen in onze dagelijkse stemming zijn een normaal verschijnsel. Deze
veranderingen zijn onderhevig aan schommelingen in het basale verloop van
stemming gedurende de dag en worden eveneens beinvloed door gebeurtenissen die
zich tijdens de dag voordoen. Hoe de niveau’s van INA en PA over de dag varieren bij
depressieve mensen in vergelijking met gezonde mensen is niet bekend.

Bij depressie is niet alleen de stemming verstoord, maar zijn er ook tal van
afwijkingen in lichamelijke processen. Een van deze lichamelijke processen is de
hypothalamus-hypofyse-bijnier as (HPA-as). De HPA-as is een belangrijk onderdeel
van de reactie van her menselijk lichaam op (psychologische) stress; van stress
(bijvoorbeeld ingrijpende levensgebeurtenissen) is bekend dar her bij hiervoor
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kwetsbare mensen kan leiden ror een depressie. Tevens zijn er in eerder onderzoek in
laboratoria bij depressieve mensen afwijkingen in het functioneren van de HPA-as
gevonden. Een van de meest gerapporteerde afwijkingen is een verhoogde afgifre van
cortisol (hypercortisolemie). In samenhang met deze hypercortisolemie, wordt
verondersteld datr de reactie van depressieve mensen op stress (bijvoorbeeld
vervelende kleine gebeurtenissen in het dagelijks leven) afwijkend is; dit zou zich dan
kunnen uiten in een afwijkende productie van cortisol na dergelijke gebeurtenissen.
Over de cortiso] productie in het dagelijks leven van depressieve mensen is echter
weinig bekend.

Het onderzoek dat in dit proefschrift staat beschreven, betreft vijf onderdelen; (1)
basale stemmingspatronen, (2) basale cortisolproductie, (3) reactiviteit van
stemming op dagelijkse gebeurtenissen, (4) cortisol reacties op dagelijkse
gebeurtenissen en (5) een vergelijking tussen cortisol reacties op een stresserende taak
in het laboratorium en cortisol reacties op stress in het dagelijks leven.

In hoofdstuk 2 is het beloop van NA en PA in het dagelijks leven van depressieve
mensen onderzocht. Depressieve mensen hadden een hoger en meer varierend NA
niveau, terwijl hun PA niveau lager was in vergelijking met gezonde mensen. Beide
groepen vertoonden een kleine daling van NA gedurende de dag. PA vertoonde in
beide groepen een duidelijk dagparroon met lagere waarden aan het begin en het
einde van de dag. Alleen bij depressieve mensen bleek er tevens sprake van een
stijgende lijn in PA waarden. De duidelijke verschillende patronen in NA en PA
zowel binnen de groepen als tussen de twee groepen maken duidelijk dar onderzoek
naar stemming in de dagelijkse omgeving een zinvolle aanvulling kan zijn op
bestaande onderzoeksmethoden.

Het onderzoek naar de dagelijkse afgifte van het stresshormoon cortisol bij
gezonde en depressieve mensen is beschreven in hoofdstuk 3. In tegenstelling tot
onderzoek bij opgenomen patiénten, blijke er bij patiénten in hun dagelijks leven
geen sprake van een verhoogde cortisolafgifte. De cortisol afgifte bleek bij depressieve
patiénten echrer grilliger dan bij de gezonde proefpersonen. Deze grilligheid was
binnen de patiéntengroep nog groter bij diegenen die meer ernstig depressief waren
en bij degenen die reeds eerder een depressie hadden doorgemaakt. Verdere analyses
maakten duidelijk dar de grillige cortisolproductie bij de depressieve mensen niet
werd veroorzaakt door veranderingen in de stemming of het gevolg waren van reacties
op negatieve dagelijkse gebeurtenissen; ze lijken dus niet direct aan stemming of stress
gerelateerd, maar wijzen wellicht op een autonome ontregeling van de HPA-as bij
depressie.

De veranderingen in NA en PA na kleine negatieve- en positieve gebeurtenissen in
her dagelijks leven bij de beide groepen zijn het onderwerp van hoofdstuk 4. Het was
allereerst opvallend dat er door de depressieve mensen niet meer negatieve
gebeurtenissen dan door de gezonde mensen werden gerapporteerd. Het aantal
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gerapporteerde positieve gebeurtenissen was bij de depressieve mensen echter lager.
Zowel de NA als PA veranderingen na negatieve gebeurtenissen waren bij depressieve
mensen kleiner dan bij de gezonde deelnemers; de stemming verandert dus minder
bij de depressieve mensen na negatieve gebeurtenissen. De verhoging van NA na
negatieve gebeurtenissen bleef bij depressieve mensen wel wat langer bestaan. Na
kleine positieve gebeurtenissen waren de veranderingen in NA en PA bij depressieve
mensen groter; hun stemming verbeterde relatief meer in vergelijking tot gezonde
mensen.

In hoofdstuk 5 worden de cortisolreacties na het optreden van dagelijkse
gebeurtenissen bij depressieve en gezonde mensen vergeleken. In regenstelling rot de
gezonde mensen, traden er bij de depressieve mensen geen verhogingen van het
cortisol gehalte op na negatieve gebeurtenissen. De stijging van het cortisolgehalre
bleek deels samen te hangen met de NA verhoging na de negatieve gebeurtenissen.
Binnen de groep depressieve mensen, bleken de cortisol reacties op negatieve
gebeurtenissen bij vrouwen groter dan bij mannen. Positieve dagelijkse gebeur-
tenissen gingen bij geen van de groepen gepaard met veranderingen in het
cortisolgehalte.

In hoofdstuk 6, zijn de cortisolreacties tussen de depressieve en gezonde mensen
tijdens een stressvolle taak in een laboratorium met elkaar vergeleken. Dir onderzoek
bood tevens een gelegenheid om de mate van overeenstemming te onderzoeken
tussen cortisolreacties in het laboratorium en in het dagelijks leven. De
cortisolreacties in het laboratorium waren in beide groepen gelijk. De basale cortisol
niveaw’s in het laboratorium en in het dagelijks leven vertoonden een grote mate van
overeenstemming, maar er werd geen overcenstemming gevonden tussen de
cortisolreacties op stress in het laboratorium en in her dagelijks leven. Dit betekent
dat onderzoek naar cortisolreacties na stress in het laboratorium waarschijnlijlo weinig
kennis opleveren over dergelijke reacties in het dagelijks leven.

In hoofdstuk 7 zijn de belangrijkste conclusies van het onderzoek nog een keer
samengevat en wat uitgebreider besproken. De bevindingen van het onderzoek
passen deels bij een al wat oudere theorie, die stelt dat de regulering van diverse
systemen bij depressie verstoord is. Een dergelijke dysregulatie kan worden opgevar
als een verstoring van de aanpassing van het organisme aan interne (bijvoorbeeld een
ziekte) en externe (bijvoorbeeld stressvolle levensomstandigheden) veranderingen.
Verder onderzoek zal duidelijk moeten maken in hoeverre de afwijkingen in
stemming en cortisol zoals beschreven in dit proefschrift, verdwijnen nadac de
depressie is opgeklaard. Daarnaast zal verder onderzoek verricht moeten worden naar
oorzakelijke mechanismen van deze afwijkingen in stemming en cortisol bij

depressie.
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