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A good laugh and a long sleep are the best cures in a doctor’s book
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The (clinical) assessment of mental states and behaviour is still heavily based on 
single-point, retrospective self-assessment questionnaires and retrospective face-to-
face interviews in artificial settings. However, there is an increasing awareness that 
the reliability of these self-reports is questionable. An alternative to the traditional 
retrospective measures are ambulatory assessment techniques; methodological ap-
proaches assessing variables of interest prospectively and repeatedly in daily life. 
Other than offering improved reliability, these techniques can be employed for two 
specific, yet understudied objectives: (I) the investigation of underlying mechanisms 
and dynamics of psychopathology at a micro-level and (II) the administration of 
interventions. In the first part of the present dissertation, ambulatory assessments 
are used to investigate potential mechanisms underlying mental disorders, focusing 
on depression, and its relation to sleep and affect regulation. In the second part, the 
potential to use ambulatory assessments as a tool to intervene in depression by pro-
viding personalized feedback, is explored. 

The remainder of this introduction presents concepts important for the compre-
hension of this thesis, followed by an outline of the thesis chapters. 

Depression 

Depression, affecting more than 350 million people across all communities world-
wide (WHO, 2012 [1]), is characterized by symptoms such as disturbed mood, loss of 
interest or pleasure, disturbed sleep, low energy, low self-worth, and concentration 
problems (American Psychiatric Association [2]). According to the World Mental 
Health Survey conducted in 18 countries, 1 out of 20 persons experienced an episode 
of depression during the last year [3]. Due to the disabling and recurrent nature of 
depression, it is the leading cause of disability worldwide and the second leading 
cause of disease burden after low back pain [4, 5]. Although depression is known to 
be treatable by psychopharmacological (i.e. antidepressants) and psychotherapeutic 
interventions (i.e. cognitive behavioural therapy), only a fraction of individuals af-
fected by depression receive adequate treatment [1, 6]. Furthermore, of those who 
receive treatment, a large proportion remain treatment resistant [7, 8], and even for 
individuals who are treated effectively, relapse rates remain high [9]. Therefore, it is 
important to gain further insight into the mechanisms underlying the development 
and course of depression, as well as to inform on the development of novel, cost-
effective and evidence-based interventions. 
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Sleep

Every human being will spend about one third of his or her life asleep. While the som-
nolent state impacts the whole organism in terms of reduced metabolism and motor 
activity, the loss of consciousness is probably its most outstanding characteristic. The 
exact function of sleep is not yet elucidated; however, it may be broadly considered as 
a ‘state of adaptive inactivity’ that ‘optimizes the timing and duration of behaviour’ 
[10; p. 747]. 

The sleep-wake cycle is subject to a 24-hour circadian rhythm [11-13]. A circadian 
rhythm refers to an endogenous rhythm in physiological processes, behaviours and 
affect which is self-sustainable and can persist in the absence of environmental cues 
[14, 15]. This rhythm is internally generated by a ‘pacemaker’; the suprachiasmatic 
nucleus in the hypothalamus, and is synchronized to the 24-hour day by external cues 
(‘Zeitgebers’) such as daylight [16, 17]. A circadian rhythm can be conceptualized as 
a cyclic process whose period, phase and amplitude of oscillation are determined by 
clock genes [14, 18]. 

The sleep-wake cycle in humans is consolidated by the interaction of two opponent 
processes: process S (the homeostatic drive for sleep) and process C (circadian) [11-
14]. Process S accumulates as a function of prior wakefulness and dissipates during 
sleep. Process C is under circadian control and, depending on circadian phase, has 
either a wake-promoting (i.e., usually during the day) or a sleep-consolidating func-
tion (i.e., usually during the night) [11-14]. In other words, process C helps keeping 
the sleep-wake cycle in sync with environmental light-dark cycles. See Figure 1 for a 
graphical depiction of the two-process model of sleep regulation. 

Wakefulness is associated with ascending pathways originating from neurons in 
upper brainstem structures, either through cholinergic projections to the thalamus 

Figure 1 | The two-process model of sleep regulation [adapted from 24].
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(path 1), or monoaminergic projections to the hypothalamus, basal forebrain and 
cortex (path 2) [19-22]. Sleep, on the other hand, is associated with GABA-ergic sleep-
promoting neurons in the ventrolateral preoptic nucleus of the hypothalamus (VLPO) 
[19-22]. As further explored in Chapter 4, the monoaminergic neurotransmitter sero-
tonin may play a special role in the association between sleep, affect and depression 
[23]. 

Affect

Human behaviour is thought to underlie two motivational systems, a ‘behavioural 
approach’ or ‘behavioural activation’ system (BAS) [25-29], and a ‘withdrawal’ or 
‘behavioural inhibition’ system (BIS) [25-30]. As the name implies, BAS is associated 
with goal-directed behaviours focused on obtaining rewards and/or pleasure. It is an 
appetitive system that directs an individual towards certain (potentially incentive) 
situations. From an evolutionary perspective, this system primarily functions to en-
sure that the individual is supplied by basic needs such as food. Conversely, BIS is as-
sociated with withdrawing behaviour, focused on preventing behaviour which could 
possibly lead to pain or punishment. Therefore, this system directs an individual away 
from certain (potentially aversive) situations and may function adaptively by keeping 
the individual out of danger [27-29, 31]. 

The BIS and BAS are thought to be the origin of the affective experiences associated 
with approach and avoidance related behaviour: positive affect (PA) and negative af-
fect (NA) [26, 28, 31, 32]. Supported by several studies into the factorial structure of 
affect, PA reflects affective states such as enthusiasm, cheerfulness, and excitement, 
while NA reflects states such as anxiety, guilt, and distress [31, 33, 34]. Interpreted 
in the context of the two fundamental motivational systems, the logic of this dichoto-
mous structure emerges: feelings of cheerfulness motivate the individual to approach 
a novel situation, while feelings of fear stimulate the individual to back up from a 
potential threat. As explored in Chapter 5 in more detail, this theory is supported 
by the finding that PA, but not NA, shows a diurnal (presumably circadian) rhythm, 
priming the individual to be active during daytime when the chance of reward is high 
[31, 33]. 

As we have seen, PA and NA are associated with certain behavioural tendencies. In 
the case of NA, a dangerous situation is believed to narrow down the individual’s scope 
of attention and reduce the thought-action repertoire in order to facilitate the quick 
choice of the most appropriate behavioural strategy (i.e. escape) [35-37]. Unlike the 
threatening situations which require quick action typically linked to high NA, the call 
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for action in situations linked to high PA is usually less imminent; therefore, it allows 
for a broadening of the thought-action repertoire [35-37]. In this way, high levels of PA 
are associated with wider and more flexible behavioural and cognitive strategies. This 
idea is elaborated in the ‘broaden and build theory of positive emotions’, emphasizing 
the adaptive benefits of the mind-broadening consequences of PA in terms of creat-
ing lasting personal resources: resilience, social capacities, general health [35, 36], 
as well as empowerment [38, 39]. In depression, the role of PA has received special 
attention, as described in more detail below. 

Depression and the role of positive affect
Depression has been conceptualized as a disorder of affect regulation; specifically, it 
has been conceptualized as a state characterized by high levels of NA and low levels 
of PA [40-43]. A state of high levels of NA appears to be nonspecific for depression, 
as it has been shown to be shared with other psychopathologies, including anxiety 
[40]. Conversely, a state of low levels of PA appears to be specific to depression [40-
43]. Several cues have been identified suggesting that the role of PA in depression 
should be emphasized. First, anhedonia, the ‘loss of pleasure in all, or almost all 
activities’ or a ‘lack of reactivity to usually pleasurable stimuli’ (American Psychiatric 
Association, 2000, p. 418 [2]), is a fundamental symptom of depression, especially in 
the melancholic subtype. Anhedonia seems to be a prime example of reduced PA or a 
dysfunctional BAS system: motivated and goal-directed behaviours decrease remark-
ably [31, 44]. Second, except for the overall amount of PA, the diurnal variation of PA 
has been shown to be altered in depression, which is a possible indicator of disturbed 
endogenous rhythmicity [45-47] (further investigated in Chapter 5). Third, the ability 
to experience PA appears to be predictive of the development and course of depres-
sion [48, 49]. 

In other words, positive affectivity seems to play a crucial role in depression, making 
the PA system a promising target for novel interventions in depression, which tradi-
tionally focus on negative affectivity [50]. Indeed, first studies show that mindfulness 
approaches to increase PA are efficient in those vulnerable to depression [51]. Fur-
thermore, cognitive bias modification techniques are efficient in increasing positive 
appraisal bias [52]. In Chapters 6, 7 and 8, a novel intervention in depression, based 
on the Experience Sampling Method (ESM, see below) and consisting of personalized 
feedback focusing on positive affective experience in daily life, is investigated.

However, next to the processes primarily related to affect regulation, other pro-
cesses seem crucial to depression as well. One of these processes is sleep.
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Linking sleep, affect, and depression 

There appears to be a very palpable link between sleep and affect. As familiar to most 
of us, a lack of sleep or poor sleep has been associated with subsequent mood dys-
regulation (i.e. decreased PA and increased NA or increased physiological reactions 
to negative events). This mood dysregulation has been demonstrated when sleep 
deprivation is either experimentally induced [53-61] or when sleep is measured using 
ambulatory methods [62-65]. On the other hand, negative mood has been associated 
with poor subsequent sleep [66, 67]. The directionality of the day-to-day associations 
between sleep and affect is further investigated in Chapter 3. 

The link between sleep and affect is most apparent in the case of affective disorders, 
especially in major depression. The vast majority of patients suffering from depression 
reports sleep disturbances, predominantly in the form of insomnia (i.e. the inability 
to fall asleep or maintain sleep) [68-71]. Furthermore, individuals diagnosed with 
depression show an altered sleep architecture such as decreased slow wave sleep and 
increased REM (rapid eye movement) sleep density [72]. 

In the past, sleep disturbances were merely considered and treated as a symptom 
of depression. However, during the last decades, several findings challenged the no-
tion of sleep disturbances as a mere epiphenomenon to depression. Epidemiological 
studies identified poor sleep as an independent and prominent risk factor for the 
development of depression [for a meta-analytic evaluation, see 73]; a finding which 
is further explored in Chapter 3. Sleep disturbances appear to predict the trajectory 
of depression in terms of relapse rates and severity [74-79]. Similarly, preliminary 
evidence has indicated that the successful treatment of insomnia, either pharmaco-
logically or psychologically, also favourably affects other depressive symptoms such 
as mood [80, 81]. Furthermore, depression is overrepresented in individuals diag-
nosed with a sleep disorder [e.g. 82, 83, but see 84]. Paradoxically, partial or total 
sleep deprivation leads to a short-lived, rapid antidepressant response in 40-60% of 
depressed patients [85, 86]. The mechanisms for this effect are not yet elucidated; 
however, among recent theories conceptualizing the effects of sleep deprivation in 
terms of resetting the abnormal functioning of circadian clock genes [87], one points 
towards the monoaminergic neurotransmitter serotonin [23]. Serotonin plays a key 
role in both sleep and wakefulness [88, 89]. It has been suggested that the underlying 
mechanisms associated with the antidepressant effects of a night of sleep depriva-
tion are similar to the mechanisms associated with serotonin reuptake inhibitors 
(i.e. antidepressants) [23]. As such, serotonin has been proposed as one possible 
neurobiological link between sleep and depression [23]. There is evidence that genes 
involved in the regulation of serotonin (i.e. the serotonin transporter gene 5-HTTLPR) 
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are associated with depression [90, 91], but also with insomnia and sleep quality 
[92-94]. In Chapter 4, a functional polymorphism in the serotonin transporter gene 
(5-HTTLPR) as a moderator in the association between sleep and affect is examined 
in detail. 

To conclude, these findings emphasize the necessity and significance of more re-
search into the underlying mechanisms linking sleep and affect regulation, in both 
healthy and depressed individuals. 

Measuring sleep and affect prospectively in daily life 

Sleep
Traditionally, the ‘gold standard’ for sleep assessment has been polysomnography 
(PSG), the objective evaluation of sleep in terms of sleep staging. While this measure 
reflects a fundamental aspect of sleep, it does not appraise another indispensable 
aspect of sleep, that is, the perceived, or subjective, quality of sleep. Perceived sleep 
(which can profoundly deviate from objective sleep measures [95-97]), is particularly 
important when studying the association between sleep and depression; by defini-
tion, the symptom of disturbed sleep in depression is a subjective one (American Psy-
chiatric Association, 2000). Unfortunately, although the term ‘subjective sleep quality’ 
is used universally through countless disciplines, there is no real consensus as to the 
construct of subjective sleep quality and how best to assess it [96, 98, 99]. One of the 
most frequently used measures to assess subjective sleep quality is the Pittsburgh 
Sleep Quality Index (PSQI) [96]. This questionnaire is well-validated [96, 100, 101]; 
however, it is highly retrospective since it assesses sleep quality during the previous 
month. As will be introduced in the next section, such retrospective self-reports are 
highly problematic [102]. As further explored in Chapter 2, an alternative to these 
retrospective sleep questionnaires may be the use of ambulatory sleep diaries [103], 
in which self-reported sleep is evaluated every morning upon waking in order to 
minimize memory load and increase ecological validity. 

Affect
The valid and reliable assessment of affective states is one of the biggest challenges 
for mental health research. In the majority of cases, current research relies on global, 
retrospective self-reports in the form of questionnaires at the researcher’s or clini-
cian’s office (i.e. ‘How often, on average, did you experience anxiety during the last 
week/month?’). While representing a seemingly convenient and cost-effective tech-
nique, it conveys two major problems. First, research has convincingly shown that 
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retrospective self-reports are associated with substantial systematic bias, calling into 
question the reliability and validity of those reports [i.e. 104; for an overview, see 
102,]. Second, by relying on self-reported ‘mean scores’ aggregated over days, weeks 
or even months, it prevents investigations into the underlying dynamics and mecha-
nisms (i.e. changes over time and across context, and interactions with certain context 
or behaviour) as they unfold in everyday life [105-107]. 

A solution to these challenges forms the experience sampling method (ESM), an 
ambulatory assessment technique in which individual’s affective states, behaviour, 
and context are assessed prospectively, repeatedly and in the real world [105-111]. 
Through the prospective character, also referred to as the momentary aspect of ESM, 
bias associated with retrospective recall can be eliminated. By assessing variables of 
interest repeatedly (i.e. PA and NA together with contextual information ten times a 
day for several days), fine-grained, high-resolution information is gained, enabling 
investigations into the dynamic changes over time, across context and behaviour, and 
within a person (i.e. the ‘micro-level’ of experience). Through the everyday, real-world 
character, these ESM-derived findings are ecologically valid, making them highly gen-
eralizable [105-111]. 

Using ambulatory assessment as intervention 
Although not yet systematically investigated, ESM may be an attractive source for new 
interventions (herein referred to as ESM-I) for two primary reasons. First, daily life 
affect, behaviour and context is mapped in great detail, allowing the exploration of 
underlying associations. Second, with the advent of electronic sampling devices (i.e. 
PDA’s, smart phones) any information collected by ESM is readily available to both 
patient and clinician [112-114]. The prospect of ESM-I is further explored in Chapters 
6-8, in which ESM-based personalized feedback, focused on positive affective experi-
ence in daily life, is given in order to enhance PA in a sample of depressed patients 
(Chapter 7). Furthermore, through the high degree of self-monitoring produced by 
ESM-I methods, the patient takes a more active role, possibly leading to a better 
informed patient. This may in turn be associated with better self-management strate-
gies and perceived empowerment. The effects of ESM-based personalized feedback 
are investigated in Chapter 8. 
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Aims and outline of this thesis

The current thesis exploits two unique potentials of ambulatory assessment tech-
niques: (I) investigating the specific mechanisms and dynamics underlying psychopa-
thology at a micro-level, and (II) applying ambulatory assessment techniques thera-
peutically to intervene on these micro-mechanisms. Specifically, in part I of this thesis, 
we investigated micro-mechanisms underlying depression by studying this disorder 
in regard to subjective sleep, affective experience, and the diurnal variation of affect. In 
part II, we explored the use of ambulatory assessments as a tool to intervene on these 
micro-mechanisms in depression, in the form of ESM-based personalized feedback. 

Part 1: Prospectively assessing self-reported sleep, (diurnal variations 
of) affect, and their associations: investigating mechanisms underlying 
depression
Part 1 opens with a preface in the form of a methodological investigation of two forms 
of subjective (self-reported) sleep assessment: a retrospective sleep questionnaire 
(PSQI) and a prospective, ambulatory sleep diary (Chapter 2). In Chapter 3, we 
investigated the day-to-day associations between self-reported sleep and affect and 
how this relates to follow-up depressive symptoms. In Chapter 4, we examined the 
role of the serotonin transporter polymorphism 5-HTTLPR in this previously identi-
fied association between sleep and affect. In Chapter 5, we investigated the diurnal 
variation in PA and NA in depression, psychosis and controls.

Part 2: The Experience Sampling Method as intervention in depression
Part 2 opens with a general introduction into the idea and feasibility of using ambu-
latory assessments as an intervention (Chapter 6). In Chapter 7 and 8, the results 
of a randomized controlled trial (RCT), in which PA-focused feedback based on ESM 
self-reports is implemented as an intervention (ESM-I) in depression, are described. 
In Chapter 7, we examined the effects of this ESM-I RCT on momentary PA and NA. 
In Chapter 8, we examined the effects of this ESM-I RCT on patient’s feelings of em-
powerment. 

Finally, this thesis closes with a general discussion, synthesizing the results of the 
research conducted and highlighting important areas for future research and theo-
retical advancement (Chapter 9).
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Abstract

Background: The construct of subjective sleep quality is poorly understood. One 
widely used measure of subjective sleep quality is the Pittsburgh Sleep Quality Index 
(PSQI). The role of psychiatric illness in the association between the PSQI and a pro-
spective, sleep-diary based sleep quality measure (SDSQ), was investigated plus the 
degree to which the PSQI may reflect mood states. 

Method: A sample of 211 insomnia patients (ICDS-2), divided by the presence or 
absence of a comorbid psychiatric disorder (DSM-IV-TR) recruited between 01/2004 
and 02/2009, completed the PSQI (primary outcome) and two weeks of sleep diary 
monitoring. First, correlations between PSQI and SDSQ were compared; second, it 
was investigated if the association between PSQI and SDSQ depends on diagnostic 
status using regression analyses; third, the differences in sleep quality between the 
groups, plus the contribution of anxiety and depression in explaining these differ-
ences, were explored. 

Results: The correlation between PSQI and SDSQ was significant only in the non-
psychiatric group (P<.001). The association between PSQI and SDSQ was moderated 
by diagnostic status: it was weaker in psychiatric patients (P=.047). Patients with 
psychiatric comorbidity scored significantly higher on the PSQI than those without 
(P<.001); this difference disappeared after controlling for anxiety. There were no 
group differences for the SDSQ. 

Conclusions: The present findings suggest that: (1) psychiatric patients may be more 
biased in their retrospective sleep quality ratings, and (2) the PSQI total score may 
reflect sleep-related distress. The use of a prospective sleep diary measure in those 
with a psychiatric disorder is recommended. 

Key Words: Subjective sleep quality, insomnia, PSQI, sleep diary, anxiety, depression, 
psychiatric comorbidity



Exploring the construct of subjective sleep quality in those with insomnia

Chapter

2

31

Introduction

The construct of ‘subjective sleep quality’ and the assessment thereof has been a com-
plex matter [1-3]. Although being universally used in research and elsewhere, there 
is no clear consensus of the exact definition of subjective sleep quality and how to 
measure it; furthermore, it may differ from individual to individual [3]. The Pittsburgh 
Sleep Quality Index (PSQI), the most widely used questionnaire to assess subjective 
sleep quality, has been the result of a salient effort to develop a measure tapping the 
complex construct of sleep quality [3]. The PSQI is a retrospective self-administered 
questionnaire assessing subjective sleep quality over the previous month; since the 
publication in 1989, its excellent psychometric qualities have been demonstrated in 
numerous studies [3-7]. 

 The PSQI scores have been shown to be strongly correlated with measures of depres-
sion [6, 8-10] and anxiety [6, 11-14]. A number of studies suggest that retrospective 
PSQI ratings are especially sensitive to negative mood and may partly reflect negative 
cognitive viewpoints [4, 15, 16], a reporting bias which may be more pronounced 
for those with a psychiatric history [17, 18]. As such, it may be argued that due to its 
retrospective nature, the PSQI may not tap the construct of subjective sleep quality 
purely, but other (negative) states as well, possibly in particular in patients with a 
psychiatric condition [19]. 

To confirm this speculation, the present study investigated the retrospective PSQI in 
relation to a prospective measure of subjective sleep quality in the context of different 
diagnostic insomnia subtypes, i.e., in patients diagnosed with insomnia either with or 
without comorbid psychiatric conditions. It was hypothesized that (a) the correlation 
between PSQI-derived sleep quality and sleep quality derived by a prospective sleep 
diary would be higher among insomnia patients without psychiatric comorbidity, (b) 
the association between PSQI-derived sleep quality and sleep diary derived sleep 
quality would be moderated by psychiatric status, and (c) the two groups would show 
differences in their appraisals of their sleep quality, but PSQI-derived sleep quality 
measures would show greater group differences than diary-based sleep quality rat-
ings. In addition, we conducted analyses to determine the contribution of depressive 
and anxiety symptoms to the group differences observed. 
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Methods

Participants 
Participants were recruited within the framework of a large two-center (Duke Univer-
sity Medical Center, Durham, NC and Rush Medical Center, Chicago, IL) diagnostic in-
somnia study, described elsewhere [20]. The study was approved by the Institutional 
Review Boards of both centers and all participants gave their written consent before 
participation. Participants were either those seeking insomnia treatment or research 
volunteers recruited via local advertisements; recruitment took place between Janu-
ary 2004 and February 2009. Interested persons were eligible for participation if they 
were 18 years or older, fluent in English and able to provide informed consent. Partici-
pants were not eligible if they reported any severe psychiatric or medical condition 
that required imminent treatment attention (i.e. requiring referral to a psychiatric 
hospital), or showed signs of significant cognitive impairment as demonstrated by 
a Mini Mental Status Exam [21] below 24. For the purpose of this study, only par-
ticipants diagnosed with an insomnia disorder as the primary diagnosis according 
to the International Classification of Sleep disorders, second edition (ICSD-2) [22] 
were included. Those participants who enrolled in the parent study but were found 
to have polysomnographic evidence of sleep-disordered breathing or periodic limb 
movement disorder (e.g., AHI>15) were excluded from the analyses.

Measures 

Pittsburgh Sleep Quality Index (PSQI)
The Pittsburgh Sleep Quality Index (PSQI) is a retrospective, self-rated 19-item ques-
tionnaire of perceived sleep quality during the last month [3]. It consists of seven do-
mains of sleep difficulties (sleep quality, sleep latency, sleep duration, habitual sleep 
efficiency, sleep disturbances, use of sleeping medications, and daytime dysfunction) 
which are summed into a single global score varying from 0 to 21, with higher scores 
suggesting worse sleep quality. The PSQI has been investigated in various languages 
and clinical populations, showing good internal consistency, test-retest reliability, and 
construct validity [3-7], whereas the concordance with objective measures of sleep 
quality has been low [3, 15].

Sleep Diaries 
Over a period of two weeks, participants rated their subjective sleep quality on a 
10-point Likert scale (higher scores indicating better sleep quality) using a hand-held 
personal digital assistant (PDA) programmed using Satellite Forms software (Thacker 
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Network Technologies, Inc, Lacombe, Alberta). Participants were instructed to record 
their sleep quality ratings along with other information about their previous night’s 
sleep daily upon arising from bed. In the analyses conducted herein, each participant’s 
mean sleep quality rating for the two-week period was used. 

Beck Anxiety Inventory (BAI)
The Beck Anxiety Inventory (BAI) is a self-report questionnaire assessing prevailing 
symptoms of anxiety; it is specifically designed to differentiate anxiety symptoms 
from depression [23]. The BAI has been shown to have high internal reliability, as 
well as good factorial and discriminant validity [24], and generally has acceptable 
psychometric properties in those with insomnia [25].

Beck Depression Inventory (BDI)
The Beck Depression Inventory, second edition (BDI) is a self-report questionnaire, 
assessing the severity of common depressive symptoms in 21 4-point Likert items 
[26]. The BDI is widely used and has acceptable psychometric properties [27, 28, but 
see also 29]. Since the BDI includes two items measuring changed sleep patterns and 
fatigue, these items were removed. 

Structural Clinical Interview for DSM-IV-TR Axis I (SCID-I)
The Structural Clinical Interview for DSM-IV-TR Axis I disorders (SCID-I) is a widely 
used diagnostic instrument to assess the presence of one or more mental disorder(s) 
according to the DSM-IV-TR [30]. The SCID-I was used to obtain current as well as 
lifetime DSM-IV-TR diagnosis. 

Procedure
After an initial brief insomnia screening via the telephone, participants were invited 
to the lab interview, during which the SCID was administered. Participants subse-
quently completed two weeks of sleep monitoring by using the PDA sleep diary, after 
which they returned to the research site for two consecutive nights of laboratory 
polysomnography (PSG) and to complete the self-report questionnaires (i.e. BAI, BDI, 
PSQI). Thus, the period of sleep monitoring by the sleep diary fell within the four-
week period assessed retrospectively by the PSQI. Upon completion of the measures, 
participants were assigned a sleep disorder diagnosis by sleep specialists (for a 
detailed description of the procedures and purposes of the parent study, please see 
[20]). For the purpose of the current study, only those participants assigned a diag-
nosis of insomnia according to the ICSD-2, American Academy of Sleep Medicine) and 
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having no PSG evidence (mean of two nights) of clinically significant sleep disordered 
breathing (e.g., AHI >15) or PLMD (e.g., PLMAI >15) were selected [31]. 

Analyses
Using the ICSD-2 insomnia diagnoses and SCID based DSM-IV-TR psychiatric diag-
noses, two groups of participants were formed: One group of participants diagnosed 
with insomnia without a psychiatric comorbidity (Insomnia, ‘I’) and one group of 
participants who were, in addition to insomnia, diagnosed with a current or recently 
remitted (within last two months) psychiatric condition (Comorbid Insomnia, ‘CI’). 
All analyses were repeated with the recently remitted patients included in I instead 
of CI. 

Association between PSQI and sleep diary derived sleep quality (SDSQ)
In our first analysis, we examined the correlation between perceived sleep quality 
as assessed by the PSQI, and perceived sleep quality as assessed by the sleep diary 
(SDSQ) in the two insomnia groups. Subsequently, we examined if the association 
between PSQI sleep quality and SDSQ would depend on diagnostic group (I vs. CI). A 
regression analysis was performed (STATA 12 [32] routine REG) with the PSQI global 
score as the outcome variable and mean score of the SDSQ as predictor; subsequently, 
an interaction term between diagnostic group and SDSQ was added to the model. 
Post-estimation analyses were performed using the MARGINS and MARGINSPLOT 
routine in STATA 12. 

The contribution of anxiety and depression
In our second analysis, we investigated if the two insomnia groups differed signifi-
cantly on the PSQI and assessed the contribution of anxiety and depression. A multiple 
regression analysis was performed (STATA 12 routine REG) with the PSQI global score 
as the outcome variable and diagnostic group (I vs. CI), BAI and BDI mean scores as a 
predictors. In a sensitivity analyses, all patients diagnosed with an anxiety disorder 
were excluded. The same analysis was repeated with SDSQ as dependent variable 
instead of the PSQI. 

Results

Means and standard deviations for the PSQI, SDSQ and mood measures are displayed 
in Table 1. 
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Participants
A total of 372 participants were recruited for the parent study, of which 211 met the 
selection criteria for the current investigation. Of those 211 participants, 96 par-
ticipants did not suffer any psychiatric condition (I) while 115 participants currently 
suffered a comorbid psychiatric condition (CI). Table 2 provides an overview of the 
DSM-IV primary psychiatric diagnoses of the participants in the CI group. 

Table 1 provides an overview of the demographic and clinical sample characteristics 
for the I and CI group. With the exception of their current living arrangements (more 
participants in CI lived alone as compared to I, χ2(1) =3.87, P=.049), the two groups 
did not differ statistically in demographic variables. 

Table 1 | Demographic and clinical sample characteristics
Variable Insomnia without a 

comorbid diagnosis
Insomnia with a 

comorbid diagnosis
Total 

N 96 115 211

Demographics

Age (SD) 49.5 (15.5) 45.7 (13.8) 47.4 (14.7)c

Female (%) 73.7 61.4 67.0c

Years of education (SD) 15.1 (3.1) 15.0 (2.9) 15.0 (3.0)c

Full/ part time work (%) 41.1 37.5 39.1d

Living alone (%) 22.1 34.5 28.9a,e

Race (number)

- Caucasian 54 68 122

- African American 34 39 73

- Asian American 5 2 7

- American Indian 1 0 1

- Other 1 5 6

Clinical characteristics

BAI mean (SD) 7.8 (6.4) 14.1 (9.2) 11.2 (8.7)b,c

BDI mean (SD) 10.8 (7.4) 19.2 (10.9) 15.4 (10.4)b,c

PSQI mean (SD) 11.8 (3.3) 13.6 (2.9) 12.8 (3.2)b,f

SDSQ mean (SD) 5.1 (1.5) 5.1 (1.4) 5.1 (1.4)c

BAI=Beck Anxiety Inventory; BDI=Beck Depression Inventory, PSQI=Pittsburgh Sleep Quality Index; 
SDSQ=Sleep diary sleep quality
a Groups differ significantly (χ2(1) =3.87, P=.049)
b Groups differ significantly (see results section)
c Missing for 2 participants (1 I, 1 IC)
d Missing for 4 participants (3 I, 1 IC )
e Missing for 3 participants (2 I, 1 IC)
f Missing for 14 participants (7 I, 7 IC)
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Association between PSQI and sleep diary derived sleep quality (SDSQ)
The correlation between the PSQI and SDSQ was significant for I (r=-0.38, P<.001), 
but not for CI (r=-.13, P=.177). 

In the linear regression model, SDSQ significantly predicted PSQI score (β=-0.24, 
P=.001). Adding diagnostic group (I vs. CI) as moderator to the model yielded a sig-
nificant interaction between diagnostic group and SDSQ in predicting PSQI score (β 
=-0.51, P=.047). Figure 1a shows the separate slopes for I and CI, respectively. Subse-
quent conditional marginal effects at different levels of SDSQ showed that the differ-
ence between I and CI was significant at P ≤ .05 for values of SDSQ > 3 and significant 

Table 2 | Participants’ primary comorbid diagnosis (CI)
DSM-IV Mental Disorder No. of patients

Psychotic Disorders 1

Mood Disorders 87

Anxiety Disorders 14

Alcohol Related Disorders 5

Substance Related Disorders 3

Adjustment Disorder 5

Total 115

CI=Insomnia with psychiatric comorbidity 
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Figure 1| A Scatterplot of the association between PSQI global score and sleep diary sleep quality 
(SDSQ), by insomnia subgroup (I=Insomnia without psychiatric comorbidity, CI= Insomnia with 
psychiatric comorbidity)1

1the interaction between SDSQ rating is statistically significant (β =-.51, P=.047)
B Conditional marginal effects plus confidence intervals2

2the difference between I and CI is significant for values of SDSQ > 3
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at P ≤ .01 for values of SDSQ > 4; Figure 1b shows the conditional marginal effects and 
confidence intervals. 

When including the recently remitted patients in I rather than CI (n=34) CI, SDSQ 
predicted PSQI score (β=-0.24, P=.001), but there was no significant interaction be-
tween diagnostic group and SDSQ (β=0.25, P=.33). 

The contribution of anxiety and depression

PSQI
Diagnostic group (I vs. CI) significantly predicted PSQI score (β=0.28, P<.001), ex-
plaining 7.6% of the variance (base model). That is, CI scored significantly higher on 
the PSQI than I. After adding BAI scores as predictor to the model (β=0.38, P<.001), 
the explained variance increased by 12.3 % to 20.0 % (F1,192=29.54, P<.001); β for 
diagnostic group dropped to 0.14 and P=.05. Also adding BDI mean scores as predic-
tor to the model (β=0.03, P=.69 for BDI; β=0.36, P<.001 for BAI) did not significantly 
add to the explained variance (F1,191=0.16, P=.69); β for diagnostic group dropped to 
0.13 and was not significant anymore (P=.08). The results remained similar when ex-
cluding those patients diagnosed with an anxiety disorder (n=40, see supplementary 
material, part A). 

When including the recently remitted patients in I rather than CI (n=34), diagnostic 
group (I vs. CI) predicted PSQI score (β=0.22, P=.002), explaining 4.6% of the vari-
ance. After adding BAI mean scores to the model (β=0.41, P<.001), the explained vari-
ance increased by 14% to 18.4% (F1,192=32.32, P<.001), and the association between 
PSQI and diagnostic group disappeared (β=0.03, P=.67). Also adding BDI mean scores 
as predictor to the model (β=0.07, P=.37 for BDI; β=0.39, P<.001 for BAI) did not 
significantly add to the explained variance (F1,191=0.85, P=.37); β for diagnostic group 
dropped to 0.01 and the association between PSQI and diagnostic group disappeared 
(P=.89). The results remained similar when excluding those patients diagnosed with 
an anxiety disorder (n=40; see supplementary material, part B). 

SDSQ
When repeating the same analyses with SDSQ instead of PSQI score, a different picture 
emerged. Diagnostic group (I vs. CI) did not predict SDSQ (β<0.01, P=.95) in the first 
place. That is, there was no difference in sleep quality between I and CI. After adding 
BAI mean scores to the base model (β=-0.15, P=.05), explained variance increased by 
1.9% (F1,206=3.9, P=.02) and diagnostic still showed no association with SDSQ (β=0.06, 
P=.44). Also adding BDI mean scores as predictor to the model (β=-0.13, P=.13 for 
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BDI, β=-0.10, P=.24 for BAI,) did not significantly add to the explained variance 
(F1,205=2.34, P=.13).  

When including the recently remitted patients in I instead of CI (n=34), diagnostic 
group did not predict SDSQ (β=-0.07, P=.29). Furthermore, neither BAI mean score 
(β=-0.12, P=.13), nor BDI mean score (β=-0.10, P=.24) were significant predictors of 
SDSQ.

Discussion

The present study investigated a retrospective measure of subjective sleep quality 
(the PSQI) in relation to a prospective measure (the SDSQ) in insomnia patients with 
differential psychiatric background. 

 As hypothesized, there was a stronger correlation between the PSQI score and the 
SDSQ in insomnia patients without a psychiatric comorbidity. Likewise, the associa-
tion between the PSQI score, and sleep quality as measured by the sleep diary, was 
moderated by diagnostic status. That is, the association between the retrospective 
(PSQI-derived) sleep quality ratings and the prospective (sleep diary-derived) sleep 
quality ratings was weaker in insomnia patients with a comorbid psychiatric condi-
tion. These findings confirm the notion that psychiatric patients may be more biased 
in their retrospective ratings than individuals without psychiatric symptoms [19]. 
Additionally, psychiatric diagnostic status predicted the PSQI score, indicating that 
insomnia patients with a psychiatric comorbidity reported significantly worse sleep 
quality on the PSQI. However, this difference was weakened when adding anxiety to 
the model and it disappeared when the recently remitted patients were excluded. In 
a sensitivity analysis excluding all patients with an anxiety disorder, the results re-
mained similar, indicating that the observed difference between the insomnia groups 
on the retrospective PSQI-sleep quality ratings may be partly accounted for by anxiety 
(and to a lesser extent also by depression). 

In contrast to the PSQI, there was no difference in sleep quality between the two 
insomnia groups on the prospective sleep diary-derived sleep quality ratings. Depres-
sion and anxiety did not add to the predictive value of psychiatric diagnostic status in 
explaining sleep diary sleep quality ratings. Thus, a prospective sleep quality rating 
may tap into a construct seemingly independent of psychiatric status. In contrast, the 
PSQI may be detecting anxiety and distress in addition to sleep quality; as Backhaus 
and colleagues [4] suggest, there may be some bias introduced by the PSQI relative 
to the sleep diary possibly due to the long retrospective recall. Why this bias appears 
to be stronger for those with psychiatric comorbidity remains to be elucidated. 
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Speculatively, a general memory deficit associated with psychopathology [33] or 
mood-congruent memory processes [34] may play a role. 

In general, the reliability and validity data of the PSQI would not suggest that the 
PSQI is a poor measure; instead, this study and others suggest that the PSQI could 
benefit from a clarification of what it actually measures. Given that the PSQI is likely 
to be used in those with current or past comorbid Axis I disorders, it is important to 
consider that the PSQI may reflect a form of sleep-related distress which has to be 
further defined. Future studies including e.g. the Dysfunctional Beliefs and Attitudes 
Scale (DBAS) should shed more light on this. The finding that particularly anxiety 
explained much of the variation in the models above may provide some support for 
the hyperarousal theory of insomnia [35]. 

If the PSQI reflects sleep-related distress more than sleep quality per se, then we 
might refine the recommendation of the Standardization of Assessment Workgroup 
[36] to use the PSQI as an insomnia symptom outcome measure. Indeed, the PSQI as-
sesses symptoms other than insomnia (e.g., nightmares) - thus a measure that focuses 
on insomnia symptoms only may be a better alternative. One such alternative from 
the Buysse et al. paper [36] is the Insomnia Severity Index [37]; further study would 
determine if this measure, or others like it, captures insomnia symptom severity or if 
it is confounded as well. 

The present findings do not limit the utility of the PSQI as an outcome measure; 
however, it suggests some caution in interpretation when used as an index of sleep 
disturbance unless there is no history of past mental illness. 

Although this study was conducted in a large, well-screened sample of people with 
insomnia from both research respondents and clinician-referred recruitment sources, 
some limitations exist. The sample reflected the presumed clinical characteristics 
and gender distribution of an insomnia population, however most participants were 
higher educated Caucasian or African Americans, thus potentially limiting the gener-
alizability to the larger insomnia population. Related to that, it would be interesting 
to further subdivide the insomnia groups, calling for future research with even larger 
samples. Furthermore, while subjective sleep quality assessed by the PSQI represents 
a composite score, sleep quality assessed by the sleep diary was based on a single 
item. As such, it may be argued that both measures reflect different aspects of sub-
jective sleep quality, which are not yet defined. More research into the construct of 
subjective sleep quality is evidently required. 

In conclusion, the present study demonstrated in a large well-characterized clinical 
sample of those with insomnia that: (1) patients with psychiatric comorbidity may be 
more biased in their retrospective sleep quality ratings than those without and (2) 
the PSQI, possibly due to its retrospective nature, may reflect sleep-related distress 
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to some degree, whereas the sleep diary based prospective sleep quality ratings may 
tap into a less confounded construct of sleep quality. Those who use the PSQI should 
consider this confound when using the measure in those with a history of Axis I dis-
orders—the most common group of people with insomnia [38, 39]. This information 
is particularly germane in light of the omission of distinction between primary and 
comorbid insomnias in the new DSM 5 [40].

Clinical Points
-  A Consensus Committee for the Standardization of Insomnia Assessment practices 

recommended the Pittsburgh Sleep Quality Index (PSQI) as a tool to assess for 
global sleep disturbance [36].

-  If an index of sleep quality is desired, the PSQI score may reflect sleep-related 
distress rather than sleep quality per se, particularly in the presence of psychopa-
thology. Thus, the use of prospective sleep diaries may be preferred for this reason.
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Abstract

Background: Poor sleep is a risk factor for depression, however little is known about 
the underlying mechanisms. 

Aim: Disentangling potential mechanisms by which sleep may be related to depression 
by zooming down to the ‘micro-level’ of within-person daily life patterns of subjective 
sleep and affect using the experience sampling method (ESM). 

Methods: A population-based twin sample consisting of 553 women underwent a 
5-day baseline ESM protocol assessing subjective sleep and affect together with four 
follow-up assessments of depression. 

Results: Sleep was associated with affect during the next day, especially positive af-
fect. Daytime negative affect was not associated with subsequent night-time sleep. 
Baseline sleep predicted depressive symptoms across the follow-up period. 

Conclusion: The subtle, repetitive impact of sleep on affect on a daily basis, rather 
than the subtle repetitive impact of affect on sleep, may be one of the factors on the 
pathway to depression in women.
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Introduction

Sleep and affect are closely intertwined. This link is most evident in depression, where 
a large body of epidemiological studies has shown that sleep disturbances appear to 
be a risk factor for- as well as a symptom of- depression [e.g. 1, 2, for an overview see 
3]. 

Longitudinal cohort studies investigating the association between sleep distur-
bances and depression (with years between the assessments) are very suited to dem-
onstrating unbiased associations, but lend themselves less to unravel the underlying 
mechanisms contributing to these associations. To identify principles underlying the 
link between sleep and depression, the focus should be narrowed down to the daily 
associations of sleep and affect. 

The experience sampling method, an ambulatory diary technique assessing vari-
ables of interest prospectively and repeatedly across the day for a period of time, 
represents a suitable approach to zoom into the daily within-person associations 
between subjective sleep and affect [4, 5]. In addition, its prospective character allows 
for the examination of directions of daily sleep-affect associations, an aspect which is, 
with two exceptions [6, 7], largely disregarded. 

The purpose of the present study was to disentangle potential mechanisms by 
which sleep may be related to depression, by (1) zooming down to the ‘micro-level’ of 
within-person daily life patterns of subjective sleep and affect using the ESM and (2) 
zooming out to the ‘macro level’ of subjective sleep and affect by investigating the as-
sociation between baseline sleep and future depression in a female population-based 
sample. 

Methods 

Sample 
The sample comprised 621 women (577 twins and 44 non-twin sisters) aged 18-61 
years (mean 28 years). Participants were recruited from the East-Flanders Prospec-
tive Twin Survey (EFPTS) [8, 9] and from birth registers of Flemish municipalities. The 
EFPTS is a population-based survey that started in 1964, registering prospectively 
all multiple births within East Flanders. Although most participants were twins, the 
current study did not require twin methodology. Originally, the study was designed to 
assess heritability of stress-sensitivity in daily life, and given evidence for qualitative 
differences in the type of environmental stressors that are associated with depression 
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in men and women [10, 11], the sample was female only. The project was approved 
by the local medical ethics committee and all participants gave their written consent.

Experience Sampling Method
The ESM was used to assess daily life momentary affective states (Figure 1). The ESM 
is a validated, structured diary technique to assess individuals in their daily living 
environment [12, 13]. Participants received a digital wristwatch and a set of ESM self-
assessment forms collated in a booklet for each day. The wristwatch was programmed 
to emit a signal (‘beep’) at an unpredictable moment in each of ten 90-minute time 
blocks between 07:30 and 22:30 on 5 consecutive days. After each beep, participants 
were required to stop their activity and fill out the ESM self-assessment forms. All 
self-assessments were rated on 7-point Likert scales. 

In addition to the self-assessments after each beep, participants were asked to com-
plete a sleep questionnaire comprising an evening and morning part. The morning 
part had to be filled in immediately upon awakening and the evening part immediately 
prior to sleep (see below). 

Trained research assistants with ample experience in momentary assessment 
techniques explained the ESM procedure to the participants during an initial briefing 
session, and participants completed an ESM practice form to confirm that they un-
derstood the 7-point Likert scale. Participants could call a telephone number in case 
they had questions or problems during the ESM sampling period. Participants were 
told to complete their reports immediately after the beep, thus minimising memory 
distortion, and to record the time at which they completed the form. To check whether 
the participants had completed the form within 15 min of the beep, the time at which 
participants indicated they completed the report was compared with the actual time 
of the beep. All reports not filled in within 15 min after the beep were excluded from 
the analysis, since previous work [13] has shown that reports completed after this 
interval are less reliable and consequently less valid. In addition, previous work has 
shown that participants who have valid reports for at least a third of all measurements 
can be included since their missing data do not distort the results, whereas measures 
of individuals with fewer than 30% of completed reports are less reliable [13]. 

Procedure 
The study consisted of five parts: a baseline part (T0), in which the 5-day ESM study 
took place, and four follow-up assessments (T1-T4). The average period between the 
interview assessments was 134 days for the period T0-T1, 91 days for the period T1-T2, 
116 days for the period T2-T3 and 91 days for the period T3-T4. 
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Measures of Affect 
Using the ESM procedure at baseline as described above, participants rated their 
mood states by using ten adjectives on a 7-point Likert scale, ranging from 1 (not) to 7 
(very). Factor analysis identified two mood states: positive affect and negative affect. 
Positive affect comprised the weighted average of ratings on ‘cheerful’, ‘content’, ‘en-
ergetic’ and ‘enthusiastic’; negative affect comprised the weighted average of ratings 
on ‘insecure’, ‘lonely’, ‘anxious’, ‘low’, ‘guilty’ and ‘suspicious’. 

Sleep Measurements 
Subjective sleep was assessed by means of a sleep diary. A sleep diary is a way of pro-
spectively self-monitoring sleep and is regarded as the gold standard for subjective 
sleep assessment [14]. Furthermore, it allows specific investigation of within-person 
daily life patterns of subjective sleep and affect, the main aim of the current study. 

Each morning, participants rated subjective sleep variables pertaining to the pre-
vious night: Sleep quality on a 7-point Likert scale ranging from 1 (not at all) to 7 
(very well), sleep onset latency (time taken to fall asleep, in minutes), and number of 
awakenings. Furthermore, participants reported the (clock-) time of awakening and 
getting up. Each evening, participants recorded their bedtime, enabling estimation of 
total time in bed (time in minutes between time to bed and getting up). In order to 
estimate total sleep time, the variable sleep period was generated, reflecting time in 
minutes between reported sleep time and awakening. 

Depressive symptomatology 
The Structured Clinical Interview for DSM-IV Axis I Disorders ([SCID-1; 15] was 
administered at baseline (T0) and at the fourth follow-up (T4). The SCID-I is a diag-
nostic instrument to assess the presence of DSM-IV Axis I disorders and was used to 
obtain current and lifetime diagnosis of major depressive disorder. In addition to the 
SCID-I, subclinical depressive symptomatology was assessed at baseline and at each 
follow-up using the Symptom Checklist-90-Revised (SCL-90-R) [16]. The SCL-90-R 
is a widely used 90-item self-report questionnaire measuring general psychological 
distress. For the analyses, the SCL-90-R depression subscale was used, consisting of 
13 items, rated on a 5-point Likert scale. 

Other measures 
During every daily affect rating within the ESM protocol, participants were asked 
about previous alcoholic or food intake (yes/no) and level of physical exercise (7-point 
Likert scale) since the last beep.
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Furthermore, participants completed the Neuroticism-Extraversion subscale of the 
Eysenck Personality Scale [17] and rated their somatic health on a 5-point Likert scale 
(1=very well, 5=bad) at baseline. 

Analysis Plan
Two sets of analyses were conducted. The first investigated the day-to-day associa-
tions between sleep and affect, using data from the baseline ESM study. The second 
set of analyses investigated the longitudinal associations between baseline measures 
of sleep and depressive symptomatology at the follow-up assessments. 

ESM data associations between sleep and affect
The baseline ESM data-set has a hierarchical structure, due to within-person clus-
tering: repeated measurements (level 1) are nested within individuals (level 2) and 
individuals are nested within twin pairs (level 3). That is, observations from the same 
participant are more similar than observations from different participants, and ob-
servations within a twin pair are more similar than between twin pairs. As nesting of 
data violates the assumption of independent residuals, multilevel regression analysis 
was used that takes clustering (in this case within participants and within twin pairs) 
into account [18]. 

Associations between (1) subjective sleep and ESM measures of affect the next day, 
and between (2) ESM daytime affect and subsequent sleep, were separately calculated 
using the XTMIXED command in STATA (version 11 for Windows) (see Figure 1). The 
first model included sleep as a predictor of affect the next day and was additionally 
corrected for food and alcoholic intake, physical exercise and age. In this model, no 
aggregation took place and all data points were used (i.e. ten affect ratings per day for 
each individual). The second model included affect as a predictor of subsequent sleep 

Figure 1 | Schematic overview of the study protocol. For the duration of 5 consecutive days, par-
ticipants rated positive and negative affect items ten times a day and filled in sleep questionnaires 
in the morning and evening. This design allows for the investigation of the association between 
sleep and subsequent daytime affect (arrow 1 in the figure), as well as affect during the day and 
subsequent sleep (arrow 2 in the figure).
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and was additionally corrected for food- and alcoholic intake as well as physical exer-
cise during the day. In this model, day aggregates of the independent variable (affect) 
were used (i.e. the mean of multiple measures of affect per day for each individual), 
as the dependent variable (sleep) was only measured once a day. Thus, in this model, 
repeated measurements over multiple days were clustered within participants and 
participants within twin pairs. Six day-of-the-week dummy variables were included 
in both models to account for daily variation (reference category Sunday). As we 
were only interested in the within-person component of the regression estimation, 
predictor variables were centred at the participant level. Regression coefficients 
were standardised with the aid of the STATA command ESTADD BETA. All regression 
analyses were controlled for age. 

Baseline sleep and follow-up depressive symptoms
The associations between baseline subjective sleep and follow-up SCL-90-R depressive 
symptoms were analysed using multilevel regression analysis (XTMIXED), as multiple 
follow-up measurements T1-T4 (level 1) were clustered within participants (level 2), 
who were part of twin pairs (level 3). That is, the four follow-up measurements of 
depressive symptomatology (T1-T4) were regressed on mean scores of the separate 
sleep variables. For the association between sleep at baseline and follow-up DSM-IV 
diagnosis of depression as response variable, multilevel logistic regression analyses 
were conducted using STATA command XTLOGIT, as participants are clustered within 
twin pairs. Participants with a current or lifetime diagnosis of major depression 
according to DSM-IV were excluded and analyses were controlled for age, baseline 
SCL-90-R depressive symptoms, trait neuroticism and somatic health. Regression 
coefficients were standardised with the aid of the STATA command ESTADD BETA. 

Results

Sample
The total sample consisted of 621 White female participants, of whom 610 participated 
in the ESM procedure. Thirty-one women were excluded because they had fewer than 
17 valid ESM self-reports or missing reports. A total of 26 participants were excluded 
because they fulfilled DSM-IV criteria for a major depressive episode at baseline, 
resulting in 553 participants with valid ESM measures at baseline. See Table 1 for 
a summary of demographic variables, sleep variables and depressive symptoms at 
baseline. The number of participants varied slightly across variables owing to partial 
missing data (Table 1). 
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For the longitudinal part of the study, that is, the association between baseline 
sleep and future depression, 82 participants were additionally excluded because they 
fulfilled the DSM-IV criteria for current or lifetime diagnosis of depression, resulting 
in 471 participants. Data with respect to follow-up SCL-90-R depressive symptoms 
were present for 423 participants at T1, 417 at T2, 392 at T3 and 383 at T4. For 440 
participants, there was at least one follow-up assessment of the SCL-90-R. Thirty-
one participants dropped out for the entire follow-up period. They did not differ 
significantly in terms of baseline sleep quality (t=-0.39, P=0.70) or baseline depres-
sive symptomatology (t=0.73, P=0.47). Data with respect to follow-up SCID-I current 
depressive episode at T4 were present for 362 participants. Drop-out for the SCID-I at 

Table 1 | Sample Characteristics
Mean SD N

Demographics

Age 27.77 7.86 551

Educationa 3.26 1.02 552

% Employed 61.20 551

% Married 35.96 551

Sleep characteristics

Sleep qualityb 5.26 1.46 553

Sleep onset latencyc 21.40 26.85 553

Sleep periodd 471.03 87.07 531

Number of awakenings 1.5 1.76 553

Affect

Positive affecte 3.57 1.00 541

Negative affecte 0.82 0.35 553

Depressive symptoms

SCL-90-R baselinef 1.41 0.45 548

SCL-90-R follow-upg 1.41 0.50 440

% SCID depression T4
h 2.7 362

a Assessed on 4-point scale: 1= primary school; 4= university degree
b Rated on a 7-point Likert scale: 1= very bad 7= very well
c time needed to fall asleep in min 
d in minutes, time between falling sleep and awakening (without considering nightly awakenings)
e Weighted average
f rated on 5-point Likert Scale 
g mean aggregated Symptom Check List (SCL-90-R) follow-up score
h Percentage of participants fulfilling DSM-IV criteria for major depressive disorder at T4
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T4 was not associated with baseline sleep quality (t=-0.69, p=0.48) or baseline depres-
sive symptomatology (t=-1.26, p=0.21). 

Subjective sleep as a predictor for affect the next day

Positive affect
There was a significant association between all sleep variables and positive affect the 
next day. Sleep quality and sleep period showed a positive linear association with 
positive affect (β=0.06, p<0.001 and β=0.02, p=0.011 respectively), whereas number 
of awakenings and sleep latency showed a negative association (β=-0.01, p=0.009 and 
β=-0.01, p=0.049 respectively). The association between sleep quality and PA yielded 
the highest effect size (Figure 2).

Negative affect
There was a significant negative association between sleep quality and negative affect 
(β=-0.03, p<0.001) and a significant positive association between sleep latency and 
negative affect (β=0.01, p=0.028), but not between negative affect and sleep period 
(β<0.01, p=0.532), or number of awakenings (β<0.01, p=0.828). 

Figure 2 | Effect sizes of subjective sleep quality as reported upon awakening on average positive 
affect during the day: increase of positive affect per category of sleep quality (1= very bad, 7= very 
good) relative to reference category sleep quality = 1.
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Affect during the day as a predictor for sleep 

Positive Affect
Sleep quality was negatively associated with prior daytime positive affect (β=-0.05, 
p=0.008). Sleep latency (β<-0.01, p=0.826), sleep period (β<-0.01, P=0.889) and num-
ber of awakenings (β=0.03, p=0.095) showed no significant association with prior 
positive affect. 

Negative affect
Sleep quality (β=0.01, p=0.556), sleep latency (β=-0.01, p=0.481), sleep period (β<-
0.01, p=0.808) and number of awakenings (β<-0.01, p=0.807) were not significantly 
associated with prior negative affect. 

Baseline subjective sleep and follow-up depressive symptoms
With the exception of sleep latency, all sleep variables were significantly associated 
with follow-up depressive symptoms in the expected direction. Sleep quality as well 
as sleep period was negatively associated with future depressive symptoms (β=-0.10, 
p<0.001 and β=-0.07, p=0.020). Number of awakenings was positively associated 
with future depressive symptoms at follow-up (β=0.09, p=0.004). There was no sig-
nificant association between sleep latency and future depressive symptoms (β=0.02, 
p=0.535). In a sensitivity analysis, only including participants with no depressive 
symptoms at baseline on the SCL-90-R (scoring 1 ‘not at all’ on all the items of the 
SCL-90-R depression subscale), the association between sleep quality and depressive 
symptoms at follow-up was significant (β=-0.27, P<0.001).

 Sleep variables that were significantly associated with SCL-90-R depressive symp-
toms at follow-up (sleep quality, number of awakenings, sleep period), were further 
analysed to examine whether they were also predictive for a DSM-IV diagnosis of 
depression at T4. These analyses revealed that baseline sleep quality, number of 
awakenings and sleep period were not significantly associated with a diagnosis of 
major depression at follow-up (odds ratio (OR) 0.20 (P=0.194), OR =1.52 (P=0.255) 
and OR =1.00 (P=0.736) respectively). 

Discussion

The present study demonstrated a close association between subjective sleep and af-
fect in a female population-based sample, both at the micro-level of daily associations 
as well as at the macro-level of longitudinal associations. Sleeping worse in terms 
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of lower sleep quality and/or longer sleep latency was associated with individually 
reduced positive affect and increased negative affect the next day and was also predic-
tive for the development of depressive symptomatology, even in a sample excluding 
participants with any experience of depressive symptomatology at baseline. Contrary 
to prior expectation, the association between sleep and affect did not appear to be 
bidirectional, as subjective sleep was associated with subsequent rather than prior 
affect. Thus, measures of sleep were good predictors of subsequent daytime affect, 
whereas measures of affect (with the exception of the association between positive 
affect and sleep quality, which may constitute a chance finding) did not predict sub-
sequent sleep. Notably, negative affect did not have an impact on subsequent sleep. 

Uni-versus bidirectional associations
There appears to be only one other study that investigated the bidirectional associa-
tions between adult sleep and affect in daily life, however using a different approach. 
Talbot and colleagues [6] examined the associations between total wake time during 
the night and daytime mood. They used a single-point affect measurement - that is, 
immediate pre-sleep mood and immediate post-sleep mood - and did not consider 
later or earlier periods during the day. In the present study, affect was prospectively 
and repeatedly sampled across the entire day using ESM. Furthermore, the sample of 
Talbot and colleagues was not population-based, but included patients with insomnia 
(n=34), bipolar disorder (n=49) and healthy controls (n=52). In most of their analyses, 
group status moderated the effect between sleep and mood. In line with the present 
study, their results do not seem to support a bidirectional association between sleep 
and mood in healthy controls, but only in the two diagnostic groups. Furthermore, 
in accordance with the present results, it seemed that in healthy controls, sleep has 
more of an impact on positive affect than on negative affect the next day. 

The finding of bidirectional associations between sleep and mood in the insomnia 
and bipolar groups in contrast to the healthy controls [6], may be related to differ-
ences in sleep- and affect related physiological and cognitive processes in healthy 
individuals compared with psychiatric populations. Harvey [19] hypothesised a 
bidirectional link between sleep and affect in psychiatric disorders, as disturbance in 
mood may interfere with night-time sleep and sleep may interfere with daytime affect 
regulation, leading to a mutually maintaining process. Based on the current results 
it may be argued that in the general population, (perceived) night-time sleep may 
interfere with daytime affect regulation, but disturbance in mood is not great enough 
to lead to (perceived) night-time sleep interference. 

The result that negative affect during the day does not appear to have an impact 
on subsequent sleep contrasts with prior expectations and a number of studies 
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showing that pre-sleep affect influences sleep [20], even in healthy participants. 
However, most of these studies experimentally induced negative affect or stress, thus 
not representing the natural situation. The apparent lack of impact of prior negative 
affect on subjective sleep on a daily basis may be very important when considering 
the evolution of depression on a macro-level. That is, it seems that the subtle and 
repetitive impact of sleep on daily affect, rather than subtle and repetitive impact of 
NA on sleep, may be one of the factors on the causal pathway to depression. 

Positive affect versus negative affect
Negative affect and positive affect were differentially associated with sleep variables, 
as associations were stronger and more consistent for sleep and positive affect, in 
particular for sleep quality and positive affect. This finding is in line with recent 
investigations, all pointing towards a stronger role for positive affect in sleep-affect 
regulations [4, 21-23]. A possible explanation for this finding may lie in the construct 
of positive and negative affect. Positive affect is hypothesised to be a reward-oriented 
motivational system, attracting the individual to engage with the environment, 
whereas negative affect is hypothesised to represent the ‘threat system’, which reacts 
in response to hazards [24, 25]. In contrast to negative affect, positive affect is found to 
be subject to circadian rhythmicity throughout the 24-hour cycle, being highest dur-
ing the afternoon and lowest during the second half of the night, possibly priming the 
individual for activity during daytime when the probability of reward is high. Negative 
affect is not found to demonstrate such rhythmicity, possibly as the individual has to 
be able to react to an (unpredictable) threat at any time [25-27]. Given these findings, 
a stronger modulation of positive affect may be anticipated [4], possibly via interac-
tions of circadian and sleep-wake dependent processes [28]. 

It has been shown that the experience of positive affect can act as a buffer against 
negative reactivity and may thereby enhance emotional resilience against depression 
[29, 30]. Based on the data at hand, it can be argued that sleep disturbances may 
reduce the experience of positive affect in daily life, leading to an increased negative 
reactivity and enhanced probability of developing depression in the longer term. 
However, more research is needed to unravel the precise mechanisms by which sleep 
may affect the regulation of affect. 

Clinical significance 
The associations between subjective sleep and affect in daily life, as well as the as-
sociations between baseline sleep and follow-up depressive symptomatology using a 
dimensional scale, were statistically significant. There was no significant association 
between baseline sleep and the dichotomous measure ‘DSM-IV diagnosis of depres-
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sion at last follow-up’. The difference in the results between the dimensional measure 
of depressive symptoms (based on SCL-90-R) and the dichotomous measure of the 
presence of a diagnosis of depression (based on the SCID-I) may be power-related. 
The SCID-I was available for fewer participants than the SCL-90 and is, in contrast 
to the SCL-90-R, only administered at one time point (T4). Furthermore, the present 
sample is not a clinical sample, but constitutes a population-based sample of relatively 
healthy females. The SCL-90-R may be a more sensitive instrument for the present 
population than the SCID-I. 

Generally, effect sizes of around 0.2 are considered relevant but low, and those 
around 0.8 high [31]. In the current study, effect sizes were small. However, the results 
from the ESM study were derived from data reflecting average increase or decrease 
in positive/negative affect at repeated moments in daily life, thus representing a daily 
repetitive pattern of positive/negative affect change in association with a person’s 
subjective sleep during each single day. Therefore, effect sizes reported in this study, 
although very small, cumulatively may well be clinically relevant. 

Limitations
Some methodological limitations are apparent. Most important, sleep was not as-
sessed objectively by means of polysomnography, but by self-reports, leading to two 
possible concerns. First, extended research has focused on the potential divergence 
of subjective and objective sleep data [32]. This showed that generalisation from sub-
jective to objective sleep is not necessarily possible. However, inaccurate self-report 
of sleep variables appears to be especially present in patients with disturbed sleep 
or patients with depression [32, 33], whereas the current study focused on healthy 
individuals. Furthermore, the self-monitoring of sleep by means of a sleep diary can 
be regarded as one particular perspective of sleep, which does not necessarily agree 
with objective measurements, but which is nonetheless an important perspective. 
The diagnosis of insomnia, for instance, is based on reports of subjective, and not nec-
essarily objective, sleep difficulties. Second, as with all self-reports, mood-congruent 
bias (i.e. mood upon awakening may colour the sleep quality rating) or a negative 
appraisal style that explains the association between sleep and depressive symptoms 
(rather than sleep per se) cannot be conclusively ruled out. Future studies should in-
clude objective methods that can complement and validate self-report sleep data, i.e. 
by including actigraphy. Nevertheless, the association between subjective sleep and 
affect and subjective sleep and depression is clinically as important as the association 
between objective sleep and affect. 

Furthermore, it has been suggested that problems may arise in the ESM procedure 
as it depends on the compliance of participants [34, 35]. During the collection of the 
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data, no electronic devices were readily available to substitute the paper-and-pencil 
diary method. However, compliance levels were investigated in a subsample of the 
present sample, where participants were asked to take, during the ESM procedure, 
saliva samples at each of the ten unpredictable moments during the 5 consecutive 
days [10]. Participants recorded collection times, unaware that compliance with the 
sampling protocol was being investigated by means of electronic monitoring devices. 
Results showed that adherence was high (over 90%) and inclusion of the inaccurately 
timed samples did not distort the data [10]. Therefore, results from the ESM proce-
dure in this report can be considered valid. 

Finally, the sample consisted of relatively highly educated, female participants. 
Since sleep [36, 37], as well as its relation to affect [38], has been found to differ 
by gender and socioeconomic status, generalisation of the present results to male or 
lower educated samples is not necessarily possible. However, one study focusing on 
the association between affect and sleep [39] could not identify gender differences.

To conclude, the present study may shed light on the mechanisms by which sleep 
may be related to depression in women by investigating the association between sub-
jective sleep and affect at a momentary day-to-day (micro) level. The subtle, repetitive 
impact of sleep on affect on a daily basis, especially on positive affect, may be one of 
the factors on the pathway to depression. 
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Abstract

Background: A link between sleep and affect is well-known. Serotonin (5-HT) is asso-
ciated with the regulation of affective as well as sleep-related processes. A functional 
polymorphism in the serotonin transporter gene (5-HTTLPR) has been associated 
with serotonergic functioning. The present study investigated whether allelic varia-
tion of this gene moderates the association between nighttime subjective sleep qual-
ity and affect the following day. 

Method: A population-based sample of 361 ethnically homogenous adult female twins 
underwent a five day protocol based on the experience sampling method (ESM), 
assessing momentary negative affect, positive affect, and subjective sleep quality 
repeatedly and prospectively. 

Results: There was a significant interaction between sleep quality and genotype in 
predicting positive affect the next day: carriers of one (n=167) or two S-alleles (n=78) 
had a significantly steeper slope compared to LL carriers (n=116) (χ²=4.16, p=.042 
and χ²=3.90, p=.048 respectively).

Conclusion: The association between subjective sleep quality and positive affect the 
next day varied as a function of 5-HTTLPR: it was stronger in carriers of at least one 
copy of the S-allele compared to homozygous L-carriers, supporting a link between 
sleep and affect regulation, in which serotonin may play a role. However, these results 
are preliminary and require replication. 

Key words: 5-HTTLPR; subjective sleep quality; positive affect; negative affect; experi-
ence sampling methodology; daily life
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Introduction

The neurotransmitter serotonin (5-hydroxytryptamine, 5-HT) is associated with a 
number of important behavioural and physiological processes, including the regula-
tion of affect and sleep [1-6]. A significant link between sleep and affect has been 
proposed for decades, i.e. poor or short sleep is associated with affective dysregula-
tion the next day [7] and in the longer term predicts the onset of depression [8, 9]. 
The serotonergic system may modulate the observed association between sleep and 
affect, given that wakefulness or acute sleep restriction is associated with elevated 
serotonergic activity [4], while chronic sleep restriction induces changes in serotonin-
receptor sensitivity [10]. 

The serotonin transporter (5-HTT), encoded by the SLC6A4 gene, plays an essential 
role in regulating 5-HT activity by clearing released serotonin from the synaptic 
cleft. A variable number of tandem repeats in the 5’ promotor region (5-HTTLPR) of 
SLC6A4 has been shown to influence transcriptional activity. The short (S) allele of 
5-HTTLPR is associated with reduced transcriptional activity compared to the long 
(L) allele, resulting in differential 5-HTT expression and function [11]. A spectrum of 
phenotypes, typically related to anxiety, neuroticism and depression, has been linked 
to the 5-HTTLPR genotypes [2, 11-13]. Furthermore, 5-HTTLPR has been associated 
with primary insomnia [14] and sleep quality [15, 16].

Previously, we showed that subjective sleep quality was associated with momentary 
affect during the next day using the experience sampling method (ESM) [17]. If 5-HT-
TLPR has an effect on serotonergic function, and if serotonergic function modulates 
the association between sleep and affect, it may be hypothesized that 5-HTTLPR 
variants impact the association between sleep and affect differentially. As such, we 
investigated whether the previously identified association between sleep and affect 
was moderated by 5-HTTLPR genotype. 

Experimental procedures

Sample
Participants were taking part in a general population twin study on gene-environment 
interaction in affective disorders. This population-based survey has prospectively 
recorded all multiple births (inclusion when at least one of the children weighted 
minimal 500 g or, when unknown, with a gestational age of minimal 22 weeks) in the 
province of East-Flanders since 1964 [18]. Given important sex-differences in aetiol-
ogy and expression of common mental disorders [19], only women were selected. Of 
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623 women, 131 refused genotyping, and of the 492 consenting individuals, 384 sent 
back samples suitable for DNA analysis. Of the 384 individuals, 361 completed the 
experience sampling protocol (see below). The sample of 361 at baseline included 
343 twins and 18 of their sisters. Of the 343 twins, 224 were monozygotic (109 pairs 
and 6 single twins), 118 dizygotic (45 pairs and 28 single twins) and 1 was of un-
known zygosity. All participants were white and all four grandparents were of Belgian 
origin. The project was approved by the Local Committee of Medical Ethics and all 
participants gave their written consent.

Measures

ESM
The experience sampling method was used to assess daily life momentary affective 
states. ESM is a validated, structured diary technique to assess participants in their 
daily living environment. Participants received a digital wrist watch and a set of 
ESM self-assessment forms collated in a booklet for each day. The wrist watch was 
programmed to emit a signal (beep) at an unpredictable moment in each of ten 90 
min time blocks between 07:30 and 22:30 on five consecutive days. After each beep, 
participants were required to stop their activity and fill out the ESM self-assessment 
forms. For a detailed description of the method, see references [20-22]. 

Affect
Using the ESM procedure, participants rated their mood states during the day by 
using 10 adjectives on a 7-point Likert scale, ranging from 1 (not) to 7 (very). Fac-
tor analysis identified two affect states: positive affect (PA) and negative affect (NA). 
PA comprised the weighted average on ratings of ‘cheerful’, ‘content’, ‘energetic’ and 
‘enthusiastic’; NA the weighted average of ratings on ‘insecure’, ‘lonely’, ‘anxious’, ‘low’, 
‘guilty’ and ‘suspicious’. 

Sleep quality
Subjective sleep quality was assessed by means of a sleep diary. A sleep diary is a way 
of prospectively self-monitoring sleep and is regarded as the gold standard for sub-
jective sleep assessment [23]. Based on previous work investigating the day-to-day 
associations between self-reported sleep and PA and NA in this sample [17], the sleep 
quality item of the sleep diary was chosen for further exploration as results demon-
strated the strongest association between previous nights’ subjective sleep quality 
and next day affect. Each morning, participants rated their sleep quality pertaining 
to the previous night on a 7-point Likert scale ranging from 1 (not at all) to 7 (very 
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well). The scale was reversed so that ‘very good sleep’ was the reference category and 
higher scores represent worse sleep quality. 

Depressive symptomatology
The Structured Clinical Interview for DSM-IV Axis I Disorders [SCID-I; 24] was admin-
istered to obtain current and lifetime diagnosis of major depressive disorder.

Neuroticism
Neuroticism was assessed using the neuroticism-extraversion subscale of the Eysenck 
Personality Scale [25]. 

Genotyping
Placental tissue for DNA analysis was available from 156 participants, blood samples 
from 14, and buccal cell samples from 208 using a sterile swab specifically designed 
for the collection of buccal cell samples for DNA testing (Omni Swabs; Whatman 
plc, Brentford, England). GenomicDNA was isolated using the QIAampDNAMini Kit 
(Qiagen, Westburg, Leusden, the Netherlands) according to the appropriate protocol 
for each sample type. For every monozygotic twin in the sample with genotypic data, 
the same genotypic data were included for the co-twin, assuming that both twins 
had identical genotypes. For detailed information regarding the 5-HTTLPR genotype 
analysis, see the work of Jacobs et al. [26]. 

Statistical methods
To take the 3-level grouping structure into account (repeated measurements nested 
within individuals nested within twin pairs), multilevel regression analysis (XTMIXED 
in STATA 12 for Windows) was used to investigate the hypothesis that 5-HTTLPR 
genotype moderated the association between nightly sleep quality on affect during 
the subsequent day. Thus, the two-way interaction between sleep quality and geno-
type was the parameter of interest. Genotype was conservatively dummy-coded, with 
LL as reference category. All associations were controlled for age and neuroticism 
and were repeated under the exclusion of participants with a lifetime diagnosis of 
depression. The post-estimation command MARGINS was used to calculate the effect 
of sleep quality on affect separately for the three allelic groups. 
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Results

Sample characteristics are shown in Table 1. Frequencies for the three 5-HTTLPR gen-
otypes (32% LL, 49% SL and 19% SS) were in Hardy-Weinberg equilibrium (χ²=.04, 
p=.85), using only one twin per twin pair (n=206). There was no main effect of geno-
type on sleep (b= -.11, p=.169, 95% CI [-.259, .045]), on positive affect (b=.04, p=.470, 
95% CI [-.067, .145]) or on negative affect (b=.01, p=.449, 95% CI [-.018, .041]). 

Positive affect
Multilevel regression analysis yielded a significant two-way interaction between al-
lelic variation and sleep quality for the LL vs. SS comparison (b=-.03, p=.048, 95% 
CI [-.066, -.003]) as well as the LL vs. SL comparison (b=-.03, p=.041 95% CI [-.055, 
-.001]) indicating that allelic variation moderated the association between sleep 
quality and positive affect. As shown in Figure 1, carriers of one or two S-alleles had 
a significantly steeper slope compared to LL carriers (χ²=4.16, p=.042 and χ²=3.90, 
p=.048 respectively). The slopes of homozygotic S-carriers did not differ significantly 
from that of heterozygotic S-carries (χ²=.1, p=.754). Results remained similar when 
excluding those participants with a lifetime diagnosis of depression (n=79): there 

Table 1 | Sample Characteristics of the three 5-HTTLPR genotypes
LL LS SS Total

N 116 167 78 361

Age 28 (7.5) 28 (7.4) 26 (7.6) 28 (7.5,range18-46)

Education

College 84 (72%) 101 (60%) 51 (65%) 236 (65%)

Sec School 30 (26%) 63 (38%) 24 (31%) 117 (32%)

Prim School 2 (2%) 3 (2%) 3 (4%) 8 (3%)

Positive affecta 3.6 (1.0) 3.6 (1.0) 3.6 (1.0) 3.6 (SD, 1.0)

Negative affecta .81 (.33) .80 (.35) .86 (.38) .82 (SD, .35)

Sleep qualityb 2.9 (1.5) 2.8 (1.5) 2.6 (1.5) 2.8 (SD, 1.5)

MDD currentc 9 (7.8%) 7 (4.2%) 3 (4.0%) 19 (5.3%)

MDD pastd 20 (17.2%) 28 (16.8%) 12 (15.4%) 60 (16.6%)

Neuroticisme .43 (.27) .44 ( .29) .5 (.24) .45 (SD, .27)

MDD= major depressive disorder
a Weighted average 
b Rated on 7-point Likert scale 
c Number of participants currently fulfilling DSM-IV criteria for major depressive disorder 
d Number of participants fulfilling DSM-IV criteria for major depressive disorder in the past
e Between 0 and 1 
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was a significant two-way interaction between allelic variation and sleep quality for 
the LL vs. SS comparison (b=-.04, p=.021, 95% CI [-.08, -.006]) as well as the LL vs. 
SS comparison (b=-.03, p=.036, 95% CI [-.06, -.002]). That is, carriers of one or two 
S-alleles had a significantly steeper slope compared to LL carriers (χ²=4.40, p=.036 
and χ²=5.35, p=.021 respectively), while the slopes of homozygotic S-carriers did not 
differ from heterozygotic S-carriers (χ²=.36, p=.55). 

Negative Affect
Multilevel regression analysis yielded no significant interaction between allelic 
variation and sleep quality for the LL vs. SS comparison (b=.01, p=.119, 95% CI [-.003, 
.023]) nor for the LL vs. SL comparison (b=.001, p=.845, 95% CI [-.009, .011]). Results 
remained similar when patients with a lifetime diagnosis of depression were excluded 
(n=79): there was no significant interaction between allelic variation and sleep qual-
ity for the LL vs. SS comparison (b=.01, p=.085, 95% CI [-.001, .025.]) nor for the LL 
vs. SL comparison (b=.001, p=.820, 95% CI [-.009, .012]).

Discussion

The present study is the first to show that 5-HTTLPR allelic variation interacts with 
sleep quality to predict positive affect the next day. The association between sleep 
quality and positive affect the next day was stronger in carriers of at least one copy 
of the S-allele compared to LL carriers, supporting the notion of a significant link be-
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tween sleep and affect regulation, in which serotonin may play a role. These findings 
seemed robust as the exclusion of participants with a lifetime diagnosis of depression 
did not change the conclusions. 

In this study, variation in 5-HTTLPR was not directly associated with subjective 
sleep quality, which is in line with the work by Brummett et al. [16] investigating 
the association between 5-HTTLPR, subjective sleep quality and chronic stress. They 
reported that 5-HTTLPR genotype was not related to subjective sleep quality as a 
main effect, but only in the presence of chronic stress. In contrast, a related study 
[15] identified a direct association between 5-HTTLPR and sleep quality; however, 
this effect was only observed in males, and the present sample included females only. 

Similar to work of Deuschle et al. [14], demonstrating that the S-allele was signifi-
cantly more prevalent in patients with primary insomnia, and the study by Brummett 
and colleagues [16], showing that the S-allele was associated with poorer sleep qual-
ity in the presence of chronic stress, it appeared that it is the S-allele which shows the 
stronger association between previous nights’ sleep quality and next day affect. 

There was no significant interaction between sleep quality and genotype in the case 
of NA, which is consistent with our previous study in this sample [17] showing that it 
is particularly momentary PA that is connected to previous nights’ sleep quality. 

Two important limitations should be considered. First, sleep quality in this study 
was not assessed objectively by means of polysomnography, but by prospective 
self-reports. As it is well-known that subjective and objective sleep measures do 
not necessarily concur, no generalization can be made to objectively assessed sleep. 
Furthermore, other causes of disturbed sleep, such as sleep apnea or period limb 
movement disorder could not be excluded, which would have been preferred given 
no screening for sleep disorders took place. There is some evidence that sleep apnea 
may be associated with 5-HTTLPR [27]. However, this effect was only identified in 
men, and therefore may not apply in the present female sample; moreover, as sleep 
apnea appeared to be associated with the L-allele of 5-HTTLPR, it may not account 
for the present findings. The second limitation pertains to the sample, which was 
female only. As there is evidence for sex-specific genetic effects on sleep [i.e. 15, 27], a 
direct extrapolation to the male population is not possible. Replication of the present 
findings as well as a further exploration of the current research question in a sample 
including both sexes and alternative measures of sleep quality, is desired. 
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Abstract

Background: In healthy individuals, positive (PA) and negative affect (NA) appear to 
differ in the way they dynamically unfold over the day. While PA shows a quadratic di-
urnal variation, NA remains stable across the day. There are indications for a deviant 
diurnal variation of PA and NA in depression; however, the evidence is preliminary 
and the specificity for depression unclear. The aim of the current study is therefore 
to systematically characterize and compare the diurnal variation of PA and NA in 
depression, psychosis and the general population. 

Methods: A naturalistic design comprising a pooled sample of 1537 participants 
derived from twelve experience-sampling studies, consisting of repeated daily as-
sessments of NA and PA over five to six days. Three groups (depression, psychosis, 
control) were formed based on their initial diagnostic status. Multilevel modelling 
was used to predict NA and PA by ten conservatively dummy-coded time-points per 
group; subsequently, coefficients were compared across groups. 

Results: Time of day significantly predicted PA in all three groups, showing a diurnal 
variation comparable to an inverted U. The depression group differed significantly 
from the control group at time-point 10 (z=3.10, p<.001), demonstrating a weaker 
decrease of PA at the end of the day (~21:45h). Time of day significantly predicted 
NA during two (psychosis), three (control), or five time-points (depression). In the 
depression group, NA decreased significantly more than the control group from ap-
proximately 15:45h onwards (z values ranging from 2.35(p=.019) to 5.22(p<.001)). 

Conclusion: The present study demonstrated a deviant diurnal variation for both PA 
and NA in depression: The typical decline of PA towards the night, observable in the 
control population, was weakened in depression. Furthermore, NA showed a stronger 
diurnal variation in depression as visible in a clear decrease of NA over the day. These 
differential patterns seemed to be specific for depression and may reflect an altered 
endogenous rhythmicity.
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Introduction

Human mood can be defined by the interaction of two largely independent systems: 
positive affect (PA) and negative affect (NA) [1]. High levels of PA are associated with 
mood states such as enthusiasm, cheerfulness, or excitement. Broadly, PA can be 
conceptualized as the affective representative of the behavioural approach system 
(BAS), a system regulating active engagement with the environment, reflecting the 
reward-oriented part of the dual system structure governing behavioural approach 
and withdrawal [1-3]. In contrast, high levels of NA are associated with mood states 
such as anxiety, guilt, or distress and can be conceptualized as the affective represen-
tative of the behavioural inhibition system (BIS). The BIS reflects the threat-oriented 
counterpart to the BAS and is responsible for behavioural withdrawal in the presence 
of aversion [1-3]. 

In both laboratory-controlled [3, 4] and real-life settings [2-7], PA and NA have been 
demonstrated to differ in the way they dynamically unfold over the day, referred to 
as diurnal mood variation (DMV). PA shows a quadratic variation (‘inverted u-curve’) 
when considering the waking portion (usual daytime) of the 24-hour cycle, with the 
lowest levels observed during the morning and evening (see Figure 1). When the entire 
24-hour cycle is considered (day and night), PA shows a sinusoidal curve, with lowest 
levels during the late night and highest levels during the day. It has been argued that 
the DMV observed in PA reflects the action of an endogenous (i.e. circadian) rhythm, 
stimulating the individual to actively engage with the environment during the day 
when the likelihood of reward is higher than during the night [2, 3]. In contrast to PA, 
NA remains relatively stable across the 24-hour cycle [2-4, 8]. The lack of an apparent 
systematic rhythmicity in NA has been ascribed to the unpredictability of threat (i.e. 
the individual has to be able to react to an aversive situation at any time) [2-4, 8].

In depression, there is evidence for a shifted or weakened circadian rhythmicity [9], 
possibly also reflected in a deviant DMV of PA [8]. On a behavioural level, a diminished 
or shifted diurnal variation of PA could imply that potentially rewarding situations 
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Figure 1 | Schematic of the course of positive affect across the day
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during the day are not approached (as observed in anhedonia) [10] or it may interfere 
with sleep-related processes. Furthermore, a clear ‘morning worst’ pattern is often 
clinically reported in depression and represents one of the defining criteria for the 
diagnosis of the melancholic subtype of major depressive disorder (MDD) according 
to the DSM-IV [11]. This ‘morning-worst’ pattern may be reflected in a differential, 
potentially less stable, unfolding of NA across the day. An understanding of the DMV 
in depression may give important insights into its endophenotype, however only two 
studies have prospectively addressed DMV in depression.

Murray and colleagues [8] compared the DMV of PA in a sample of women varying 
in depressive symptoms, identifying an attenuated quadratic variation for the group 
high in depressive symptoms. However, their sample comprised participants with 
non-clinical depression only. In another study, Peeters and colleagues [12] compared 
the DMV of PA between healthy individuals and patients fulfilling DSM-IV criteria for 
MDD, identifying a linear increase (rather than quadratic course) of PA over the day 
in the depressed patients. Moreover, NA appeared to show a linear decrease in de-
pressed patients, a pattern absent in healthy controls. However, their study was based 
on a small sample only. Furthermore, there is no evidence that the observed deviant 
diurnal variation of PA and NA observed in depression is specific for MDD. The aim 
of the present study was to (a) confirm previous preliminary findings concerning the 
diurnal variation of PA and NA in depression in a very unique sample of over 1500 
individuals representing different diagnostic groups and (b) investigate whether pos-
sible abnormalities in diurnal variation of affect are specific to depression. 

This is the first time that an ambulatory assessment approach has been used to 
compare DMV between different diagnostic groups. 

Methods

Sample 
The sample consisted of participants pooled from twelve independent studies using 
an identical study design, i.e. the Experience Sampling Method (ESM, see below). 
Based on their initial diagnostic status, participants were classified in the following 
groups: (i) a depression group, (ii) a psychosis group, and (iii) a general population/
control group. The latter group consisted of healthy controls, female twins from 
the general population, and individuals selected to be low in schizotypy (hereafter 
referred to as ‘control group’). The depression group included individuals diagnosed 
with major depression, either with a current episode or a past episode with residual 
symptoms (i.e. Hamilton Depression Rating Scale score > 7). The psychosis group in-
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cluded patients with a diagnosis of non-affective psychosis. Table 1 gives an overview 
of the exact derivation of the participants together with a reference to the original 
study descriptions. 

Experience Sampling Method (ESM)
ESM is a validated, structured diary technique to assess individuals in their daily 
living environment. It is a momentary assessment method providing repeated in-the-
moment micro-measurements of affect and context across the waking day (07:30 until 
22:30) in a prospective and ecologically valid manner [22-24]. It has been previously 
used to study the dynamics of mood [25-27].

In all but one studies (study ID 12), participants received a digital wristwatch and a 
set of ESM self-assessment forms collated in a booklet for each day. In one of the stud-
ies (Study ID 12), the booklet was replaced by an electronic ESM device (‘PsyMate’). 
The wristwatch, respectively the electronic ESM device, was programmed to emit 

Table 1 | Participant status and reference to the original 
Status  
present paper

Study 
ID

N Original Status Reference

Controls 2 24 Healthy Control Barge-Schaapveld et al. [13]

3 27 Healthy Control Van der Steen et al., in prep.

4 39 Healthy Control Peeters et al. [12]

6 50 Healthy Control Myin-Germeys et al. [14]

8 84 Healthy Control Collip et al. [15]

9 50 Healthy Control Collip et al., in prep.

10 600 General population female twins Wichers et al. [16]

11 38 Low schizotypy Thewissen et al. [17]

Depression 2 65 MDD Barge-Schaapveld et al. [13]

4 45 MDD, current episode Peeters et al. [12]

7 129 MDD, past episode, HDRS > 7 Geschwind et al. [18]

12 101 MDD, current or past episode, HDRS>7 Kramer et al. [19]

Psychosis 1 27 Non-affective psychosis Lataster et al. [20]

5 18 Non-affective psychosis Bak et al. [21]

6 44 Non-affective psychosis Myin-Germeys et al. [14]

8 70 Non-affective psychosis Collip et al. [15]

9 47 Non-affective psychosis Collip et al., in prep. 

11 79 Non-affective psychosis Thewissen et al. [17]

Total 1537

HDRS = Hamilton Depression Rating Scale
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a signal (‘beep’) at an unpredictable moment in each of ten 90-minute time blocks 
between 07:30 and 22:30 on five days (study ID 1, 10, and 12) or six (all other studies) 
days. After each beep, participants were required to stop their activity and fill out the 
ESM self-assessment booklets, or digitally complete the questionnaire shown on the 
device display. All self-assessments concerning mood states were rated on 7-point 
Likert scales. 

To minimize memory distortion, participants were instructed to complete their 
reports immediately after the beep. In the paper-and-pencil version, participants 
had to record the clock time at which they filled in the form. This time was, after the 
completion of the ESM protocol, compared to the actual beep time and reports filled 
in later than 15 minutes after the beep were removed. In the electronic version, the 
self-assessments were no longer available for completion after 15 minutes. 

Measures 

Positive Affect
The combined dataset consisted of the repeated responses (10 times a day for 5 or 6 
days, equalling a maximum of 50 respectively 60 responses per individual) of every 
participant to the item ‘I feel cheerful’, rated on a 7-point Likert scale. Cheerful is an 
item that has been shown to load very high on the factor ‘Positive affect’ [28, 29] and 
has been previously used as an indicator for PA [30]. Furthermore, it was an item 
which was consistently available in every ESM protocol across all twelve studies. 

Negative Affect
As for PA, the dataset consisted of the repeated responses (10 times a day for 5 or 6 
days, equalling a maximum of 50 respectively 60 responses per individual) of every 
participant to the items ‘I feel lonely’, ‘I feel guilty’ and ‘I feel anxious’. These items 
consistently load high on the factor ‘Negative Affect’ [25, 28, 29] and were available 
across all studies. 

Analyses 
The data set had a hierarchical structure, due to within-person clustering: repeated 
measurements (level 1) are nested within individuals (level 2). Observations within 
one participant are more similar than those across participants. As nesting of data 
typically violates the assumption of independent residuals, multilevel regression 
analysis was used that takes clustering into account [31]. All analyses were performed 
using STATA 12 [32].
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In order to investigate the diurnal variation of PA and NA in the three different di-
agnostic groups, three separate regression models were fitted in which affect (either 
PA or NA) was predicted by time. ‘Time’ refers to a dummy-coded variable running 
from 1 to 10 (corresponding to the 10 beep moments per day) for every ESM day. 
By treating time conservatively as a dummy variable, no linear, quadratic or cubic 
trends were ‘forced’ onto the data. After the regressions, the statistical difference of 
the coefficients for time (i.e. change in affect per time point relative to the reference 
category time point 1) for the patient groups vs. the control group was assessed by 
the following formula: z = (B1 - B2) / √(seB1^2 + seB2^2). The multilevel models, 
fitted via maximum likelihood, included random intercepts for participant and day 
and were fitted with an autoregressive residual structure. To account for the inclusion 
of twins in the control group, this model also included a random intercept for twin. 
As a random slope for time would not increase the model fit as assessed by AIC and 
BIC, the more parsimonious model was adapted. All analyses were controlled for age 
and gender. 

Results 

Sample 
After removal of invalid subjects and invalid beeps, the combined dataset consisted 
of 1,537 participants derived from 12 studies who responded to a total number of 
66,580 beeps. On average, participants responded to 38.44 beeps in studies consist-
ing of five ESM days (i.e. study 1, 8 and 12) and to 47.71 beeps in studies consisting 
of six ESM days (all other studies). The control group included 912 participants, the 
depression group consisted of 340 participants, and the psychosis group consisted of 
285 participants. 

Table 2 provides an overview of demographic characteristics of the different diag-
nostic groups of the sample. 

Positive Affect 
The diagnostic groups differed significantly in their mean level of PA (F(2, 1536) = 360.86, 
p<.001). The mean levels of PA (see Table 2) in the control group were significantly 
higher than the levels in the psychosis (χ2(1)=49.04, p<.001) and depression group 
(χ2(1)=721.69, p<.001). The psychosis group showed higher levels than the depres-
sion group (χ2(1)=235.24, p<.001). 

Table 2 shows the multilevel estimates for the absolute PA level per time point per 
diagnostic group. PA levels were lowest in the morning, rose to peak in the afternoon 
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Table 2 | Sample characteristics and multilevel estimates for PA and NA 
Sample Characteristics/
Multilevel estimates 

Control Depression Psychosis

Sample characteristics

N 910 340 285

Age (SD) 31.13 (10.86) 44.42 (10.23) 33.84 (16.67)

Female (%) 776 (85.09) 228 (67.06) 93 (32.63)

Education

Employed (%)

Mean level PA (SD) 4.78 (1.38) 3.04 (1.68) 4.30 (1.67)

Mean level NA (SD) 1.19 (.52) 2.01 (1.21) 1.76 (1.08)

Multilevel estimatesa

(Absolute) PA during 

~ 08:15 Beep 1 (B, SE) 4.35 (.13) 2.03 (.35) 3.77 (.16)

~ 09:45 Beep 2 (B, SE) 4.61 (.13) 2.28 (.35) 4.01 (.16)

~ 11:15 Beep 3 (B, SE) 4.69 (.13) 2.42 (.35) 4.19 (.16)

~ 12:45 Beep 4 (B, SE) 4.76 (.13) 2.43 (.35) 4.14 (.16)

~ 14:15 Beep 5 (B, SE) 4.73 (.13) 2.43 (.35) 4.19 (.16)

~ 15:45 Beep 6 (B, SE) 4.73 (.13) 2.45 (.35) 4.25 (.16)

~ 17:15 Beep 7 (B, SE) 4.71 (.13) 2.45 (.35) 4.21 (.16)

~ 18:45 Beep 8 (B, SE) 4.73 (.13) 2.48 (.35) 4.14 (.16)

~ 20:15 Beep 9 (B, SE) 4.70 (.13) 2.46 (.35) 4.12 (.16)

~ 21:45 Beep 10 (B, SE) 4.54 (.13) 2.38 (.35) 4.01 (.16)

(Absolute) NA during 

~ 08:15 Beep 1 (B, SE) 1.31 (.048) 2.78 (.271) 1.82 (.122)

~ 09:45 Beep 2 (B, SE) 1.31 (.048) 2.80 (.271) 1.82 (.122)

~ 11:15 Beep 3 (B, SE) 1.30 (.048) 2.78 (.271) 1.81 (.122)

~ 12:45 Beep 4 (B, SE) 1.30 (.048) 2.74 (.271) 1.80 (.122)

~ 14:15 Beep 5 (B, SE) 1.29 (.048) 2.75 (.271) 1.79 (.121)

~ 15:45 Beep 6 (B, SE) 1.28 (.048) 2.69 (.271) 1.76 (.121)

~ 17:15 Beep 7 (B, SE) 1.29 (.048) 2.68 (.271) 1.80 (.121)

~ 18:45 Beep 8 (B, SE) 1.28 (.048) 2.68 (.271) 1.76 (.121)

~ 20:15 Beep 9 (B, SE) 1.29 (.048) 2.62 (.271) 1.81 (.121)

~ 21:45 Beep 10 (B, SE) 1.29 (.048) 2.63 (.271) 1.83 (.122)

B=unstandardized regression coefficient
SE=Standard Error
a In contrast to what is depicted in the Figures 2 and 3 (~change scores), the multilevel estimates here repre-
sent the estimated absolute values of NA and PA 
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and subsequently decreased throughout the evening/night in all groups. The time of 
the peak varied between time point 4 (corresponding to an approximate clock time 
of 12:45h (healthy controls)), time point 6 (corresponding to an approximate clock 
time of 15:45h (psychosis group)) and time point 8 (corresponding to an approximate 
clock time of 18:45h (depression group)). Figure 2 shows the multilevel estimates 
for the change of PA per time point per diagnostic group, relative to the reference 
category time point 1, together with the approximate clock time. As such, all groups 
show a 0 at time point 1. It is important to note that this figure does not display the 
absolute differences between the groups, but the changes in PA relative to time point 
1. The dummy-coded variable time (corresponding to the ten beep moments per day) 
was a significant predictor of PA (p<.001; for B’s and SE’s see Figure 2) during all time 
points in all three groups. Post-hoc z-tests for the equality of the coefficients across 
the models (i.e. change in PA per time point relative to the reference category time 
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Figure 2 | Multilevel estimates (regression coefficient (B) and standard error (SE)) for change of 
positive affect (PA) across the day, with time point 1 as reference. Top: Depression group versus 
control group. The groups differ significantly at the last time point (see text). Bottom: Psychosis 
group versus control group. The groups do not differ significantly at any of the time points. Clock 
time is only approximate and corresponds to the quasi-random beep moments (1-10) per day. 
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point 1) in patient groups vs. the control group showed that there was a significant 
difference between the coefficients of the control group and the depression group 
at the last time point. That is, around a clock time of 20:45h, the depression group 
showed a higher increase of PA (relative to reference time point 1) compared to the 
control group (i.e. time point 10: z=3.10, p<.001). 

Negative Affect 
The diagnostic groups differed significantly in their mean level of NA (F(2, 1536)= 242.14 
p<.001). The mean levels of NA (see Table 2) in the control group were significantly 
lower than the levels in the depression (χ2(1)= 413.03, p<.001) and psychosis group 
(χ2(1)= 177.73, p<.001). The psychosis group showed lower levels than the depres-
sion group (χ2(1)= 23.18, p<.001). 

Table 2 displays the multilevel estimates for the mean NA levels per time point 
per diagnostic group. Figure 3 shows the multilevel estimates for the change of NA 
per time point per diagnostic group, relative to the reference category time point 1, 
together with the approximate clock time. As such, all groups start at 0 at time point 
1. It is important to note that this figure does not display the absolute differences 
between the groups, but the changes in NA relative to time point 1. 

The regression models revealed a more or less stable course of NA for the control 
group: With the exception of small effects at time point 6 (~15:45h; B= -.03, p=.005), 
8 (~18:45h; B= -.03, p=.002) and 9 (~20:15h, B=-.02, p=.025) the dummy-coded vari-
able time (corresponding to the ten beep moments per day) was not a significant 
predictor of NA (for B’s and SE’s see Figure 3). A similar pattern was observable for 
the psychosis group: With the exception of time point 6 (~15:45h, B= -.06, p=.043) 
and 8 (~18:45h, B= -.06, p=.029), time was not a significant predictor of NA. The 
depression group showed a different pattern: From time point 6 (~15:45h), the time 
points were highly significant predictors of NA (B’s ranging from -.09 (time point 6) 
to -.17 (time point 9), all p<.001 (see also Figure 3). Post-hoc z-tests for the equality 
of the coefficients across the models (i.e., change in NA per time point relative to the 
reference category time point 1) in patient groups vs. the control group showed the 
following: While there were no differences between the control group and psychosis 
group, the coefficients from the depression group differed significantly from those of 
the control group on time point 6 (~ 15:45h, z= 2.35, p=.019), time point 7 (~17:15h, 
z= 3.00, p=.003), time point 8 (~18:45h, z= 2.51, p=.012), time point 9 (~18:15h, z= 
5.22, p<.001), and time point 10 (~21:45h, z= 4.92, p<.001). That is, from approxi-
mately 15:45h onward, the depression group showed a larger decrease of NA as the 
control group. 
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Discussion 

The present study investigated the diurnal variation of PA and NA in an ambulatory, 
real-time design in a very large sample consisting of three different diagnostic groups: 
patients with a DSM-IV diagnosis of major depression, patients with a DSM-IV diag-
nosis of psychosis, and individuals from the general population/healthy controls. Our 
results confirmed the presence of a clear DMV in PA and a more stable course for NA 
in healthy individuals, while patients diagnosed with major depression exhibited an 
altered diurnal variation for both NA and PA. These deviant mood variations appeared 
to be specific to depression as it was not observed in the psychosis group. To our 
knowledge, this is the first time that DMV was investigated in patients with psychosis. 
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Figure 3 | Multilevel estimates (regression coefficient (B) and standard error (SE)) for change of 
negative affect (NA) across the day, with time point 1 as reference. Top: Depression group versus 
control group. The groups differ significantly between time point 6 and 10 (see manuscript text). 
Bottom: Psychosis group versus control group. The groups do not differ significantly at any of 
the time points. Clock time is only approximate and corresponds to the ten quasi-random beep 
moments per day.
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Positive Affect
As apparent from the plots of PA change across the day, all three diagnostic groups 
showed a daily PA variation approximately resembling an inverted U. That is, lowest 
levels of PA in the morning, a peak in the afternoon, followed by a fall during the 
evening or night. All ten time points, corresponding to the ten beep moments of each 
ESM day, were significant predictors of PA in all groups. As such, the three groups 
roughly showed the expected DMV for PA. However, the group with patients diagnosed 
with depression showed significantly different PA variations compared to the control 
group. Visual inspection of the plots revealed that the peak of PA appeared to occur at 
different time points in these groups. As expected, the highest PA in the control group 
was observed at approximately 12:45h, while the depression group appeared to peak 
around six hours later, at approximately 18:45h in the evening. Additionally, there 
was a significant difference in the course of PA between the depression- and control 
group at the last time point, indicating that the fall of PA in the second part of the day 
is attenuated in the depressed patients. 

These observations are consistent with the theory that human beings have their 
highest levels of PA during midday, and that this function seems to be dysregulated 
(i.e. shifted) in patients with depression. Although based on the current study de-
sign, no conclusions can be drawn about the origin of the observed differences in 
depressed and healthy individuals, the present findings fit well within the theory of 
PA being the result of a bio-behavioural approach system. This may be partly driven 
by an endogenous circadian oscillator, which may be disturbed in depression [8]. 
Indeed, it has been proposed that circadian abnormalities are etiologically linked to 
depression, such as in the phase-shift hypothesis (mood disturbances are associated 
with a phase advance/delay of the circadian rhythm, [e.g., 33, 34]) and the reduced 
amplitude hypothesis (mood disturbances are associated with an attenuated circa-
dian amplitude [e.g., 35, 36]). 

In concrete terms, an attenuated PA rhythm (i.e. reduced amplitude) could behav-
iourally translate into decreased levels of motivation and goal-directed activities. 
From a clinical perspective, blunted PA could be linked to the experience of anhedonia 
[10], i.e. the loss of interest and the reduced ability to experience pleasure [37]. An-
hedonia, in a clinically relevant form, is observed in almost half of depressed patients 
[38] and is a symptom which is particularly difficult to treat [39]. In a similar vein, a 
shifted PA rhythm (i.e. phase delay) may be associated with (i) low levels of PA and 
motivation during times requiring high engagement in goal-directed activities (i.e. 
during daytime) and (ii) higher levels of PA and motivation during times requiring 
disengagement with the environment (i.e. evening/night), potentially interfering 
with sleep-related processes. 
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 Conversely, the psychosis group did not significantly differ from the control group 
at any of the time points. However, this group showed a later peak of PA at approxi-
mately 15:45h (see also below). 

Negative Affect 
Time was a significant predictor of NA at three out of ten time points in the control 
group. Accordingly, time appeared to be associated with the course of NA (albeit only 
towards the end of the day). This contrasts with our hypothesis, predicting no as-
sociation between NA and time of day. However, compared to the depression group, 
the control group showed a rather stable course across the day. In the depression 
group, time was a significant predictor of NA during all ten time points, showing 
a clear decrease of NA across the day. From approximately 17:15h, the depression 
group significantly differed from the control group in change of NA. The finding of 
a clear diurnal variation in the depression group replicated the observation from a 
smaller study in depression (n=47), identifying a linear decrease of NA across the 
day, which was absent in healthy controls [12]. The authors of this study asserted that 
the heightened diurnal variation of NA may be indicative of an overactive BIS system. 
Indeed, an overactive BIS system may account for higher levels of NA in general (as 
also observed in the present study), however it does not necessarily explain why there 
is such a variation (i.e. decrease) in NA across the day. Why should a threat response 
system, like BIS, in depression be more reactive during the morning than evening 
hours? Evidently, more research, possibly under more controlled circumstances and 
consideration of physiological variables, is warranted to better understand the diur-
nal variation of NA in depression. At the very least, it can be stated that the findings 
reported here are congruent with the ‘morning worst’ patterns observed in clinical 
practice. 

Specificity for depression
The present study showed that the altered diurnal variation of PA and NA seems to 
be markedly specific for depression. The psychosis group showed a diurnal course 
of affect comparable to the control group, with the exception of the PA peak timing, 
placed between that of the control- and the depression group. As such, they may be 
some form of alterations in PA periodicity as well, however to a far lesser extent than 
in depression. Indeed, there is recent evidence for circadian disruption in psychosis 
as well [40]. However, before firm conclusions can be drawn, the present findings 
should await replication from studies with a more rigorously controlled design. If 
these findings hold true and altered diurnal variation of affect is indeed specific for 
depression or depressive symptoms, it could help to better understand and charac-
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terize the endophenotype of depression, potentially informing new, or augmenting 
existing, chronotherapeutic treatment strategies [41]. 

Limitations 
A number of limitations should be noted. Due to data pooling and the general designs 
of the studies, only a few variables were available across all studies to control for 
potential confounding in the analyses. Although age and gender were available and 
included, a number of other important factors, such as sleep , medication or envi-
ronmental factors, could not be incorporated. The lack of a control for the previous 
night’s sleep parameters warrants special circumspection. It has been shown that 
mood is affected by a complex, non-additive interaction of both circadian influences 
and wake-dependent effects (i.e. the duration of prior wakefulness) [42]. As such, 
it is highly conceivable that the groups may have differed in their wake-dependent 
processes, leading (in interaction with circadian phase) to a differential course of PA 
and NA the next day. Future studies should preferentially take previous night’s sleep 
parameters into consideration. 

The measurement of PA was based on a single item (i.e. cheerful). However, this 
item has been previously used as single indicator of PA [30] and has been shown to 
consistently load very high on the factor PA [28, 29]. In contrast to NA, which requires 
several items due to little variation, PA generally exhibits high levels of variation and 
thus, may be captured by a single item. 

Finally, it could be argued that the weaker diurnal variation of NA across the day 
in the control group is due to a floor effect or too little variation, since levels of NA 
tended to be very low in this group. However, as the psychosis group, with general 
higher levels and variation of NA, showed a course comparable to that of the control 
group, this possibility is less likely. 
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In a clinical overview – recently published in the Acta Psychiatrica Scandinavica – 
Palmier-Claus et al.[1] advocate the use of ESM (experience sampling) in clinical 
practice. ESM has the power to uncover subtle and fine-grained patterns of affect and 
behaviour in the flow of daily life with relevance to relapse and recovery in depression 
[2, 3]. Despite the recent rise in new mobile health interventions [4, 5], no study has 
yet tried to translate the film of daily life – as acquired with ESM – into person-tailored 
feedback on relevant patterns of emotions and behaviour in depression.

We report on a first, ongoing study in which depressed patients collect ESM data 
over a 6-week period and receive weekly verbal and graphical feedback on daily life 
contexts (social context, current activities, physical activity etc.) in relation to their 
momentary emotional responses. Also, they receive feedback on changes in relevant 
emotional and behavioural patterns over time (Figure 1). The aim is to give patients 

 

 not at all  1 2 3 4 5 6 7  much

Positive emotions

household activities

on the way

work/study

doing nothing or resting

passive relaxation activity

active relaxation activity

Positive emotions per activity

 

 

A

C

B

Figure 1 (a-c) | Data of a patient in the PsyMate intervention study. (a) Positive emotions expe-
rienced per type of activity in the beginning of the 6-week intervention period. (b) Appraised 
pleasantness of activities over the weeks of the intervention. (c) Average score on SCL-90 depres-
sion items over the weeks of the intervention (written permission of the patient was obtained to 
publish the data)
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more insight into functional and dysfunctional behaviours in daily life. For example, 
they could learn in which contexts they will experience most positive emotions. This 
may help patients to translate the black box of their depressive experience into man-
ageable pieces of daily life behaviour that they can influence. In this study, patients 
are randomized into an experimental group, a pseudo-experimental group (ESM data 
collection, but no feedback) and a control group.

Applying ESM in clinical practice, although theoretically attractive, may have practi-
cal limitations. Continuous mood tracking is likely intensive, especially for depressed 
patients, who are characterized by low levels of motivation and energy. Therefore, the 
tolerability and desirability from the perspective of patients need to be examined. We 
present preliminary results of participants in the above-described study on the use of 
an ESM electronic monitoring device (the PsyMate) and the ESM-generated feedback 
(Table 1).

The sample consisted of 22 participants (12 male, 55%), of whom one was excluded 
from further analysis. Severity of depression as assessed by the Hamilton Depression 
Rating Scale (HDRS) during the initial screening ranged from 8 to 26 (M = 15.8, SD = 
4.3), indicating mild-to-moderate major depression.

Results showed that participants were not troubled (scale: 1–7) by the length of 
the questionnaire at each beep (M = 2.1) or by the sound the PsyMate produced when 
it beeped (M = 2.4). The number of beeps per day was experienced as somewhat 
distressing (M = 3.4) and to some extent questions appeared difficult or not always 
very clear (M = 3.1). Participants rated the comprehensibility of the verbal, graphical 
and written feedback as good (M = 5.6; M = 6.0; M = 5.6 respectively). Subjects appre-
ciation of having feedback in graphical form ranged from 5 (considerable) to 7 (very 
high) with a mean of 6.4. Additionally, participants responded that they had tried to 
implement the suggestions from the feedback into their daily lives (M = 5.8). Sixty 
per cent (3 of 5) responded that they would have liked to continue with the PsyMate. 
One subject reported having preferred other feed- back than the feedback given in the 
current intervention.

Thus, although some aspects of PsyMate’s use are relatively demanding, most pa-
tients in the feedback condition indicated that they wished to continue using it. These 
preliminary results are promising for the future use of ESM in interventions. However, 
the current sample size is very small. The final results of this study and those of other 
future studies need to be awaited to assess how patients experience PsyMate interven-
tions and whether the intervention, in combination with antidepressant medication 
or as an adjunct to psychotherapy, may improve treatment effectiveness.
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Table 1 | Descriptive statistics of the debriefing questionnaires
Means (min- max)

(Scale 1-7)
SD N (subjects)

Use of the PsyMate questionnaire All groups

Use of PsyMate Was the text on screen well readable? 6.1 (4-7) 1.1 21

Was the PsyMate difficult to control? 1.4 (1-5) 1.0 21

Questions in the PsyMate difficult or not 
clear?

3.1 (1-6) 1.7 21

Acceptance
of PsyMate

The use of the PsyMate was distressing with 
respect to the total number of beeps per day

3.4 (1-6) 1.6 21

The use of the PsyMate was distressing 
with respect to the length of one beep 
questionnaire 

2.1 (1-5) 1.3 21

The use of the PsyMate was intrusive with 
respect to the sound of the beep 

2.4 (1-7) 2.0 21

Feedback debriefing questionnaire Feedback 
Condition

Feedback
experience

The feedback was easy to understand 5.6 (4-6) 0.9 5*

Did you want to get more specific advice 
based on the feedback?

3.4 (1-5) 1.5 5

It was pleasant to receive a summary of the 
feedback

6 (5-7) 0.7 5

The summary of the feedback was easy to 
understand

5.6 (4-6) 0.9 5

It was pleasant to receive feedback by 
means of graphs

6.4 (6-7) 0.5 5

The information in the graphs was easy to 
understand

6.0 (6-6) 0 5

I have tried to implement the suggestions 
derived from the graphs in my daily life

5.2 (4-6) 0.8 5

The amount of information of which I 
received feedback was just fine

5.2 (4-6) 0.8 5

The duration of the contact of the feedback 
sessions was just fine

5.8 (5-6) 0.4 5

* Five patients randomized into the experimental condition had finished the six-week intervention period
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Abstract

Objectives: Positive affect (PA) plays a crucial role in the development, course, and 
recovery of depression. Recently, we showed that a therapeutic application of the 
experience sampling method (ESM), consisting of feedback focusing on PA in daily 
life, was associated with a decrease in depressive symptoms. The present study inves-
tigated whether the experience of PA increased during the course of this intervention. 

Design: Multicentre parallel randomized controlled trial. An electronic random se-
quence generator was used to allocate treatments. 

Settings: University, two local mental health care institutions, one local hospital

Participants: 102 pharmacologically treated outpatients with a DSM-IV diagnosis of 
major depressive disorder, randomized over three treatment arms. 

Intervention: Six weeks of ESM self-monitoring combined with weekly PA-focused 
feedback sessions (experimental group); six weeks of ESM self-monitoring combined 
with six weekly sessions without feedback (pseudo-experimental group); or treat-
ment as usual (control group). 

Main outcome: The interaction between treatment allocation and time in predicting 
positive and negative affect (NA) was investigated in multilevel regression models. 

Results: 102 patients were randomized (mean age 48.0, SD 10.2) of which 81 finished 
the entire study protocol. All 102 patients were included in the analyses. The experi-
mental group did not show a significant larger increase in momentary PA during or 
shortly after the intervention compared to the pseudo-experimental or control groups 
(χ2 (2) =0.33, p=.846). The pseudo-experimental group showed a larger decrease in 
NA compared to the control group (χ2 (1) =6.29, p=.012). 

Conclusion: PA-focused feedback did not significantly impact daily life PA during or 
shortly after the intervention. As the previously reported reduction in depressive 
symptoms associated with the feedback unveiled itself only after weeks, it is conceiv-
able that the effects on daily life PA also evolve slowly and therefore were not captured 
by the experience sampling procedure immediately after treatment. 

Trial registration: Trialregister.nl/trialreg/index.asp. Identifier: NTR1974
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Introduction

Research on the factor structure of human emotional responses has identified two differ-
ent, yet related, affective dimensions: Positive (PA) and negative affect (NA). The reward-
oriented PA dimension, reflecting affective states such as enthusiasm, cheerfulness, and 
contentment, is associated with behavioural approach or engagement with the environ-
ment; the threat-oriented NA dimension, reflecting affective states such as anxiety, loneli-
ness, and guilt, is associated with behavioural avoidance or withdrawal [1, 2]. 

In depression, both negative and positive affective experience may be altered [1, 
3, 4]. Converging evidence suggests that particularly a deficiency in PA (linked to 
the concept of anhedonia) represent a core mechanism underlying depression [5]. 
Likewise, recent studies show that a high ability to experience PA, rather than NA, 
is predictive for the development, course, and recovery of depression [6-10]. This 
finding provides potential routes to novel treatments in depression, i.e., interventions 
aimed at increasing positive affective experience in daily life [11]. 

Experience Sampling Methodology as Intervention
The Experience Sampling Method (ESM) is a structured diary technique requiring 
individuals to repeatedly report their affective states and behaviour together with 
contextual information in the flow of daily life [12-14]. ESM has until recently been 
mainly used to assess subjects for research purposes. However, the replacement of 
paper-and-pencil based diaries by electronic sampling devices introduces the pos-
sibility of rapid analysis and availability of real life experiential data [15]. Electroni-
cally collected data thus can be used not only to monitor, but also to give feedback 
to the patient and professional caregiver with minimal delay, providing fine-grained, 
prospective information on affective patterns, behaviour and contextual influences 
in daily life [16, 17]. Using ESM not merely as an instrument to monitor, but as a tool 
to intervene (referred to as ESM-I), may be promising for the development of new 
mHealth (‘mobile health’) therapies in depression [16-18]. 

The present study
The current randomized controlled trial (RCT) in a sample of depressed patients 
was designed to evaluate an intervention aimed at reducing depressive symptoms 
by enhancing PA in daily life using ESM-I. During the six-week intervention, self-
collected ESM data on momentary affective and behavioural responses was fed-back 
to the patient on a weekly basis. Given the potentially pivotal role of PA in the re-
covery of depression, the feedback focused on positive affective experience in daily 
life. The experimental feedback condition was compared to two other conditions: a 
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pseudo-experimental condition in which the weekly feedback sessions were replaced 
by weekly meetings with the researcher without feedback, and a control condition 
without any meetings with the researcher during the intervention period. 

Recently, we reported the results of this RCT with respect to its effectiveness in re-
ducing depressive symptomatology [19]. It was demonstrated that the ESM-derived, 
PA-focused feedback was associated with a linear decrease in depressive symptoms 
in the six months following the intervention, a pattern not observed in the other 
two conditions [19]. As such, the intervention appeared to be effective in reducing 
depressive symptoms in the long run. However, the question remains as to whether 
the intervention, aimed at increasing PA in daily life, was indeed associated with a 
boost of momentary positive affective experience. The purpose of the present study 
is to shed light on the potential micro-mechanism by which PA-focused ESM-I may 
lead to a decrease in depressive symptoms. It was hypothesized that the experimental 
feedback condition, compared to the pseudo-experimental and control condition, 
would be associated with an increase in PA during and shortly after the intervention. 

Methods

Ethics statement 
The study was approved by the local ethics committee (Medical Ethics Committee of 
Maastricht University Medical Centre, azM/UM, #NL26181.068.09/MEC09-03-013) 
and all participants provided written informed consent before their enrolment. The 
trial was registered at the Netherlands Trial Register (Identifier: NTR1974). The 
study was performed according to the declaration of Helsinki. The original protocols 
and a CONSORT checklist are provided (see Protocol S1, Checklist S1). 

Study Overview
The multicentre trial was conducted between January 2010 and October 2012 in the 
following settings: Maastricht University, two local mental health care institutions, 
and a local hospital. Participant recruitment took place between January 2010 and 
February 2012 in mental health care institutions and through local advertisements. 

Participants were considered eligible when they were between 18 and 65 years of age; 
diagnosed with a depressive episode according to DSM-IV [20] with current or residual 
symptoms (17-item Hamilton Depression Rating Scale (HDRS) score of >7); treated with 
antidepressants or mood stabilizers; and in possession of sufficient Dutch language skills. 
Participants were excluded if they met criteria for a non-affective psychotic disorder accord-
ing to DSM-IV or if they reported a (hypo-) manic or mixed episode within the past month. 
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Procedure
The recruitment process started with a short telephone interview conducted by a psy-
chologist or psychiatrist to establish whether inclusion criteria were likely met. If so, 
potential participants were invited to a full screening on site. During the screening, the 
Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I) [20] and the HDRS 
[21] were administered. If admitted to the study, the participants underwent a five-
day ESM baseline assessment followed by randomization to either the experimental 
group, pseudo-experimental group or control group. Randomization with allocation 
ratio 1:1:1 was stratified with respect to duration of pharmacological treatment (use 
of a particular antidepressant for shorter vs. longer than 8 weeks prior to study entry) 
and the attendance of psychotherapy (yes/no). Allocation took place by drawing a 
sealed envelope (prepared by an independent research coordinator) with a number 
sequence produced by an electronic random sequence generator (www.random.org) 
in blocks of six. Due to the nature of the psychological treatment allocation was not 
blinded. 

Participants allocated to the experimental group underwent a six-week ESM pro-
tocol consisting of a three- day ESM assessment period per week and, in addition 
to their treatment as usual (TAU), six weekly ESM-based feedback sessions (ESM-I). 
Participants allocated to the pseudo-experimental group followed the same protocol, 
but instead of receiving ESM-based feedback, this group engaged in a structured 
conversation with the researcher in the form of an HDRS interview during the weekly 
sessions. During the six-week ESM protocol of the experimental and pseudo-experi-
mental groups, participants allocated to the control group received TAU only. Finally, 
all participants underwent a five-day ESM period after the six week intervention 
period (hereafter: post-assessment).

In summary, all three groups underwent a five-day ESM pre- and post-assessment. 
During the six week intervention period, the experimental and pseudo-experimental 
groups engaged in three days of ESM per week, combined with weekly feedback ses-
sions (experimental group) or weekly structured conversations without feedback 
(pseudo-experimental group). 

Experience Sampling Method
ESM is a validated, structured diary technique to assess participants in their daily 
living environment. It is a momentary assessment method providing repeated in-the-
moment micro-measurements of affect and context in a prospective and ecologically 
valid manner [12, 13, 22]. 

Participants received a dedicated mHealth electronic ESM device (‘PsyMate’), 
emitting a signal (‘beep’) at a random moment in each of ten 90-minute time blocks 
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between 07:30 am and 10:30 pm. The signal prompted participants to fill in self-
assessments (7-point Likert scale ratings and forced-choice questions) automatically 
shown on the device display. To minimize memory distortion, participants were in-
structed to complete their reports immediately upon the signal; after 10 minutes, the 
self-assessments were no longer available for completion. The ESM procedure was 
explained in an initial briefing session and a practice run was performed to ensure 
that the participants understood the questions and the device.

Intervention
The experimental group received standardized ESM-derived feedback. Feedback ses-
sions immediately followed the weekly ESM procedure. In these face-to-face sessions, 
feedback was provided by a psychologist or psychiatrist. The feedback on participants’ 
momentary affective states in specific daily life contexts and the association with 
depressive symptoms was given graphically, presented by the researcher according to 
a standardized verbal protocol. A written summary based on a standardized template 
was provided to the participant as well as the attending clinician.

Feedback structure
Every feedback session consisted of two parts. In the first part, information with re-
spect to experiences during the most recent week was presented. In the second part, 
this information was placed in the context of all previous weeks.

Feedback content 
The feedback sessions consisted of information that was repeated each week, as well 
as variable feedback elements. Each week, information regarding the degree and 
distribution of PA experienced during the past week was presented, as well as graphs 
displaying the course of experienced PA across the weeks. Furthermore, the course of 
depressive feelings over the weeks was presented in each session and compared to 
the course of PA. The variable elements in the feedback procedure were divided over 
three modules. The first two weeks focused on daily activities and PA experienced 
during particular activities. The third and fourth week focused on daily events and 
PA associated with these events. The last two weeks focused on social interaction 
and associated PA. Variable elements were presented as described above for the fixed 
feedback information, zooming in on the most recent week followed by longitudinal 
information over the weeks.
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Outcome Measures
Primary outcome measures were PA and NA, derived as follows. During the ESM as-
sessments as described above, participants rated their momentary mental states by 
rating adjectives on a 7-point Likert scale, ranging from 1 (not) to 7 (very). Within-
person factor analysis (principal component factors with oblique rotation) performed 
on these items that were centred per person and ESM-week, identified two factors 
with an eigenvalue >1, accounting for 46% of the variance: positive affect and nega-
tive affect. Positive affect comprised the average of ratings on ‘cheerful’, ‘enthusiastic’, 
‘relaxed’ and ‘satisfied’ (with factor loadings >.6); negative affect comprised the aver-
age of ratings on ‘lonely’, ‘anxious’, ‘guilty’, and ‘suspicious’ (with factor loadings >.5). 

Statistical Analyses
The data set had a hierarchical structure, due to within-person clustering: repeated 
measurements (level 1), nested within individuals (level 2). Observations within one 
participant are more similar than those across participants. As nesting of data typi-
cally violates the assumption of independent residuals, multilevel regression analysis 
was used that takes clustering into account [23]. All analyses were performed using 
STATA 12 [24].

In order to examine the effect of the feedback intervention on PA and NA, two sets 
of analyses were conducted. In the first set, the effects of the feedback intervention 
on change in PA and NA from pre- to post-assessment, relative to the two control 
groups, was examined. To this end, linear multilevel regression analyses (STATA com-
mand XTMIXED) were conducted to inspect the categorical by categorical interaction 
between treatment allocation (experimental vs. pseudo-experimental vs. control 
group) and time (pre- vs. post-assessment) as fixed effects. The multilevel models for 
PA and NA, fitted via restricted maximum likelihood, included a random intercept for 
participant and a random slope for time. The post-estimation commands MARGINS 
and TEST (providing Wald tests) were used to calculate and compare the effect of 
time on affect in the different groups. 

In the second set of analyses, the effect of the feedback intervention on affect during 
the intervention period, relative to the pseudo-experimental group, was examined. 
Using multilevel regression analyses (STATA command XTMIXED) fitted via restricted 
maximum likelihood, the categorical by categorical interaction between treatment al-
location (experimental vs. pseudo-experimental) and time (in weeks since start of the 
intervention) as fixed effects was examined; the model included a random intercept 
for participant and a random slope for time (intervention week 1-6).
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Results

Participants 
A total of 309 patients underwent an initial screening by telephone, of which 102 were 
allocated at random to the experimental, pseudo-experimental or control groups (see 
Figure 1 for the participant flow through the study). At screening, the groups showed 
some differences in clinical features: Compared to the pseudo-experimental and con-
trol group, patients in the experimental group more often used lithium and displayed 
lower HDRS scores (Table 1); these differences were no longer significant at baseline 
(two weeks later, i.e., just before the start of the intervention, see also [19]). There 
were no large or significant differences in sociodemographic variables between the 
groups at baseline (Table 1). 

Of the 102 randomized patients, 81 finished the ESM protocol (i.e., completed the 
ESM post-assessment). Treatment assignment was not associated with probability of 
finishing the ESM study protocol (χ2 (2) =1.49, p=.47) and number of attended inter-
vention sessions did not differ between the experimental and pseudo-experimental 
groups (F (1, 68) =1.66, p=.20). 

Previous work has shown that ESM assessments with less than 30% of filled out beeps 
are less reliable and consequently not valid [13]. Therefore, ESM periods (one period 
corresponding to one ESM ‘week’ in the protocol) with less than 30% of beeps completed 
were excluded from the analyses, leading to the exclusion of one baseline ESM period, four 
post ESM periods, and two periods during the intervention period (Figure 1). 

ESM Measures 
Participants completed 16,678 device entries in total. Of these, 83 observations 
(<1%) were excluded as invalid because less than 30% of beeps for that ESM period 
were filled in. On average, participants responded to 39.7 (out of maximal 50) beeps 
during the 5-day ESM periods (pre-and post- assessment) and to 23.7 (out of maximal 
30) during the 3-day periods (intervention). Figure 2 shows the individual PA series 
across the study protocol for one participant of each condition. 

Effects of the intervention on positive and negative affect from pre- to 
post-assessment

Positive affect
(See Table 1 for the means for PA at baseline and after the intervention). As the raw 
data indicate, the experimental group increased on average .3 points on PA, the pseu-
do-experimental group increased by .1 points, and the control group by .2 points. Al-
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Experimental Group (n=33) 
 
-Completers (n=27) 
-Partial completers (n=3) 
-Non-completers  (n=3) 
  

Pseudo-experimental Group (n=36) 
 
-Completers (n=32) 
-Partial completers (n=2 ) 
- Non-completers ( n=2) 
  

Control Group (n=33) 
  

Completed post-assessment (n=28) 
 

ANALYZED ESM ASSESSMENTS (n=33)  
 
-Baseline (n=33) 
 
-Week 1 (n=32, 1 missing ESM ass.) 
-Week 2 (n=31, 2 missing ESM ass.) 
-Week 3 (n=29, 4 missing ESM ass.) 
-Week 4 (n=29, 4 missing ESM ass.) 
-Week 5 (n=28, 5 missing ESM ass.) 
-Week 6 (n=28, 5 missing ESM ass.) 
 
-Post-assessment (n=25, 7 missing ESM 

ass. & 1 assessment excluded)  
 
 
 

Completed post-assessment (n=32) 
 

ANALYZED ESM ASSESSMENTS (n=36)  
 
-Baseline (n=35, 1 ass. excluded) 
 
-Week 1 (n=34, 2 ass. excluded) 
-Week 2 (n=35, 1 missing ESM ass.) 
-Week 3 (n=35, 1 missing ESM ass.) 
-Week 4 (n=34, 2 missing ESM ass.) 
-Week 5 (n=33, 3 missing ESM ass.) 
-Week 6 (n=32, 4 missing ESM ass.) 
 
-Post-assessment (n=31, 5 missing ESM 

assessments) 
 

Completed post-assessment (n=30) 
 

ANALYZED ESM ASSESSMENTS (n=33)  
 
-Baseline (n=33) 
 
 
 
 
 
 
 
 
-Post-assessment (n=25, 5 missing ESM 

assessments & 3 assessments excluded)  
 

 
Excluded at telephone screening  
- Declined (n= 119) 
- Not meeting inclusion criteria (n= 52) 
- Other (n=14) 
 
Excluded at full screening  
- Not meeting inclusion criteria (n=13) 
 

Assessed for eligibility (n=309) 

RANDOMIZED (n= 102) 

Admitted to baseline ESM (n=111)  

Lost before randomization (n= 9) 
 

Figure 1 | Participant flow diagram. Completer: Participant who attended all six intervention 
sessions; Partial Completer: Participant who attended less than six intervention sessions but did 
not withdrew from the study; non-completer: Participant who attended less than six intervention 
sessions and withdrew from the study.ESM= Experience Sampling Method
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though the experimental group showed the largest increase in PA at mean level, there 
was no significant interaction between group (experimental, pseudo-experimental, 
control group) and time (pre- vs. post-assessment) (χ2 (2) =0.33, p=.846). 

Negative affect
(See Table 1 for the means for NA at baseline and after the intervention). In contrast to 
PA, there was a significant interaction between group (experimental, pseudo-experi-
mental and control group) and time (pre- vs. post-assessment) (χ2 (2) =6.29, p=.043). 

Table 1 | Sample characteristics
Experimental Group Pseudo-experimental 

Group 
Control Group Total 

N 33 36 33 102

Age (SD) 48.7 (10.2) 46.7 (9.6) 48.9 (10.9) 48.0 (10.2)

Sex (M/F) 17/16 14/22 15/18 46/56

Education

- Low (%) 6 (18.2) 9 (25.0) 10 (30.3) 25 (24.5)

- Middle (%) 12 (36.4) 14 (38.9) 12 (36.4) 38 (37.3)

- High (%) 15 (45.5) 13 (36.1) 11 (33.3) 39 (38.2)

Full/ part time work (%) 13 (39.4) 10 (27.8) 12 (36.4) 35 (34.3)

Married (%) 12 (36.4) 16 (44.4) 17(51.5) 45 (44.1)

PA pre-assessment (SD) 3.4 (1.3) 3.3 (1.3) 3.2 (1.0) 3.3 (1.2)

PA post-assessment 3.7 (1.3) 3.4 (1.4) 3.4 (1.8) 3.5 (1.3)

NA pre-assessment (SD) 2.2 (1.1) 2.2 (1.2) 2.3 (1.2) 2.3 (1.2)

NA post-assessment 2.1 (1.4) 2.0 (1.2) 2.3 (1.3) 2.2 (1.3)

Current psychotherapy 4 (14.8) 4 (13.3) 2 (7.4) 10 (11.76)

Use of antidepressantsa

- Maintenance (%) 28 (84.9) 30 (83.3) 25 (75.8) 83 (81.4)

- Acute phase (%) 5 (15.2) 6 (16.7) 8 (24.2) 19 (18.6)

HDRS Mean (SD)b 14.1 (4.5) 16.2 (4.8) 17.0 (4.3) 15.8 (4.6)

Depressive episodec

- Current (%) 19 (57.6) 24 (66.7) 25 (75.8) 68 (66.7)

- In past (%) 14 (42.4) 12 (33.3) 8 (24.2) 34 (33.3)

Bipolar disorder 5 (15.2) 2 (5.6) 2 (6.1) 9 (8.8)

Use of lithium (%)d 7 (21.2) 1 (2.8) 3 (9.1) 11 (10.8)
a Maintenance=use of the antidepressant for ≥ 8 weeks; new= use of antidepressant < 8 weeks
b HDRS (Hamilton Depression Rating Scale) score significantly different between groups at screening (F=3.64; 
p=.03)
c According to SCID (Structured Clinical Interview for DSM-IV-TR Axis I disorders)
d Use of lithium at screening significantly different between the groups (χ2=6.23, Fisher’s exact p=.049)
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Adjusted predictions show that the control group was associated with an increase of 
NA from 2.28 to 2.47; the pseudo-experimental group was associated with a decrease 
of NA from 2.21 to 1.99; the experimental group was associated with a decrease of NA 
from 2.26 to 2.22. The slopes between the pseudo-experimental group and control 
group differed significantly (b=-0.40, χ2 (1) =6.29, p=.012). There was no significant 
difference in slopes between participants in the pseudo-experimental group and the 
experimental group (b=-0.22, χ2 (1) =1.17, p=.279), or between participants in the 
experimental group and the control group (b=-0.20, χ2 (1) =1.85, p=.174). 
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Figure 3 | A Box-Whisker plot of PA across the intervention period, by condition. The bottom and 
top of box indicate first (Q1) and third quartile (Q3), the band indicates the median; whiskers rep-
resent upper and lower adjacent values (within Q3+1.5(Q3-Q1) and Q1-1.5(Q3-Q1), respectively. 
B Means per week across intervention period, by condition
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Effects of the intervention on positive and negative affect over the course 
of the intervention
Figure 3 shows box-whisker diagrams and means for PA over the course of the in-
tervention period for the experimental and pseudo-experimental group. Although a 
visual inspection of the medians and means suggests a slightly larger increase for 
PA in the experimental group than in the pseudo-experimental group, statistical 
modelling yielded no significant interaction between treatment allocation and inter-
vention week (1 to 6) (χ2(5)=0.24, p=.999) for positive affect. Likewise, there was no 
significant interaction between treatment allocation and intervention week (1-6) for 
negative affect (χ2 (5) =.50, p=.992). 

Discussion

Building on evidence that PA may be a crucial system involved in phenotypic resil-
ience in depression [6, 11] and capitalizing on recent technical developments making 
electronically collected ESM data readily available [16, 17], the present RCT focused 
on intervening at the level of positive affective experience in daily life by providing PA-
focused feedback derived from self-collected ESM data (ESM-I). In an earlier analysis 
in the same sample, we showed that ESM-I was associated with a clinically relevant 
reduction of depressive symptoms commencing three weeks after the intervention 
[19]. In the present study, we zoomed in on the micro-level of every-day positive and 
negative affective experiences during the intervention, possibly shedding light on the 
mechanisms through which ESM-I may occasion a reduction in depressive symptom-
atology at the macro-level. That is, it was investigated if the PA-focused ESM-I was 
indeed associated with an increase in positive affective experience in daily life during 
and shortly after the intervention. 

Although a first inspection of the raw data indicated the largest increase in PA from 
baseline to post-assessment for the experimental group compared to the pseudo-
experimental and control groups, the analysis yielded no statistically significant dif-
ferences in the change from pre- to post-test. Likewise, although a visual examination 
of the raw data during the intervention period suggested a larger increase in PA for 
the experimental group, the analysis yielded no statistically significant differences. 
What could account for these unexpected results? As visible from the boxplots for PA, 
there appeared to be a high degree of variance in this sample. It is conceivable that the 
signal could not be picked up against the amount of noise, and a larger sample would 
have been needed in order to detect the signal. Alternatively, the findings may relate 
to the period chosen during which ESM monitoring took place. Based on our previous 
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report, the differences in depressive symptoms between the experimental group and 
control group became apparent three weeks after completion of the intervention and 
the differences grew stronger over time. However, ESM data on momentary PA was, 
due to patient burden, only available in the period during- and shortly (one week) after 
the intervention. It is possible that an increase in positive affective experience would 
only become visible after the measurement window of one week post-intervention. 
According to the broaden-and-build theory [25], experiencing PA may increase the 
focus of an individual, enabling him or her to pay more attention to rewarding events 
and to augment engagement in PA evoking activities, leading to the experience of even 
more positive affect. It may be that the development of such an emotional “upward 
spiral” may take some time to develop. The translation of receiving PA-focused feed-
back in the clinical setting to the actual exploration of PA-evoking activities in daily 
life, and eventually being able to activate the “upward spiral” of positive emotions, 
is probably a process of trial and error, which may take some time to evolve. It is 
possible that this process occurred after our ESM sampling window and therefore 
was not captured (see also the limitations section). Finally, an alternative possibil-
ity is that an increase in momentary PA is not the mechanism behind the observed 
reduction in depressive symptoms in the experimental group and that it is necessary 
to search for alternative mechanisms. 

While the results indicated no significant change in NA levels in the experimental 
group during the intervention period, participants in the pseudo-experimental group 
showed a stronger decrease in NA from pre- to post-assessment compared to the con-
trol group. This is in line with our preceding paper, demonstrating that the pseudo-
experimental group showed a reduction in depressive symptoms directly during the 
intervention period; however, this effect was not persistent as depressive symptoms in 
the pseudo-experimental group started to increase again during the follow-up period 
[19]. The decrease in NA may reflect a non-specific placebo response as patients may 
have thought that they were receiving the experimental intervention. Alternatively, 
the sessions with the researcher, during which the patient was able to talk about his 
or her depressive feelings during the previous week, may have resulted in the specific 
reduction of NA. Instead, it may be that merely the monitoring of affective responses, 
behaviour and context in daily life for the duration of six weeks may be associated 
with increased momentary emotional awareness, making ESM interesting for use in 
mindfulness-based therapies [26]. 

The generalizability of the trial results can be considered good as a very broad spec-
trum of depressed patients were included (i.e. patients deriving from both first-and 
second line treatment, patients suffering from current depressive episode or episode 
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in the past with divergent symptom severity, patients with or without multiple co-
morbidities).

Limitations
The present RCT did not include a fourth treatment arm, that is, a pseudo-experimen-
tal group consisting of a six-week period of ESM self-monitoring only, without weekly 
contacts with the researcher. Therefore, it was not possible to separate the effect of 
self-monitoring from the effects of weekly contacts with the researcher. This treatment 
arm was not included since the primary goal of the present RCT was to investigate the 
effects of feedback based on ESM, and not the effects of ESM self-monitoring per se. 

ESM was only performed over the course of the intervention and not during the 
6-month follow-up periods. As such, data with respect to daily life momentary PA and 
NA were only available for the duration of the intervention period and the moments 
immediate before and after. In light of our previous results with regard to the effects 
of ESM-I on depressive symptoms, showing that the effect of ESM-I may take some 
weeks to evolve, it would have been instructive to also have ESM data available in the 
weeks after completion of the intervention. This would potentially have shed more 
light on the micro-mechanisms by which ESM-I did reduce depressive symptoms in 
the long term. It is a challenge for future ESM studies to identify the ideal time frames 
for ESM monitoring in order to fully investigate the mechanisms of interventions at 
the micro-level while minimizing patient burden. 
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Abstract

Background: Interventions based on the experience sampling method (ESM-I) are 
ideally suited to provide insight in personal, contextualized affective patterns in the 
flow of daily life. The aim of the study was to examine whether ESM-I may increase 
experience of empowerment in patients with depression.

Method: Depressed out-patients (n=102) receiving psychopharmacological treatment 
participated in a randomized controlled trial with three arms: (i) an experimental 
group receiving six weeks of add-on ESM self-monitoring combined with weekly feed-
back sessions, (ii) a pseudo-experimental group participating in six weeks of add-on 
ESM self-monitoring without feedback, and (iii) a control group (treatment as usual 
only). Patients were recruited in the Netherlands between January 2010 and Febru-
ary 2012. Self-report empowerment scores were obtained pre- and post-intervention.

Results: There was an effect of group × assessment period, indicating that the experi-
mental (B=7.26, p=0.061, d=0.44, statistically imprecise) and pseudo-experimental 
group (B=11.19, p=0.003, d=0.76) increased more in reported empowerment com-
pared to the control group. In the pseudo-experimental group, 29% of the participants 
showed a statistically reliable increase in empowerment score compared to 17% in 
the control group.

Conclusion: Add-on self-monitoring to complement standard antidepressant treat-
ment may increase patients’ feelings of empowerment. Providing ESM-derived feed-
back did not augment this effect.

Keywords: ecological momentary assessment; intervention study; personalized feed-
back; depressive disorder; empowerment
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Introduction

Electronic momentary assessment with the experience sampling method (ESM) al-
lows for precise and prospective monitoring of emotions experienced in a daily life 
context. ESM consists of repeated assessments of affective experience and context in 
the flow of daily life [1-3]. These momentary assessments may reveal subtle repetitive 
and relevant patterns of experience in response to environmental and mental chal-
lenges [4]. Research employing ESM has shown the relevance of these patterns for the 
understanding of mental ill health [4-6], and highlights the relevance of focusing on 
moments of positive affective experiences in predicting resilience against psychopa-
thology [7-9], and treatment response [10, 11]. These momentary assessments may 
also be used at an individual level, as input for personalized feedback on dynamic 
patterns of emotions [12-15]. Evidence from existing studies suggests that combining 
antidepressant medication with psychotherapy may yield enhanced effects [16, 17]. 
It can be argued that ESM-intervention (ESM-I) may enhance the effect of antidepres-
sant psychopharmacological treatment as well, by providing a tool for environmental 
guidance to optimally support the facilitating effects of antidepressant drugs on plas-
ticity and mood recovery [18]. That is, by transforming implicit, moment-to-moment 
emotional reactivity to explicit, visualized configurations, patients may increase their 
self-awareness of, and control over, daily life dynamics that may impact on depression. 

Recently, it has been shown that the efficacy of traditional psychopharmacological 
treatment of major depression can indeed be enhanced using ESM-I person-tailored 
daily life feedback on patterns of positive affect [19]. It was demonstrated that this 
ESM-I was associated with a linear decrease in depressive symptoms in the six months 
following the intervention, a pattern not observed in the other two conditions. The 
present study further examined the effects of this ESM-I by investigating its effects on 
patients reported empowerment. With ESM-I, mental health problems may be better 
monitored and managed with the participation of the patient him/herself, giving the 
patient an active role in the treatment process and mobilizing individual resources. 
One of the potential mechanisms explaining the impact of person-tailored daily life 
feedback thus may involve patient empowerment. Empowerment is recognized as a 
dynamic, contextually-driven multidimensional construct that can be conceived of as 
a social process of enhancing an individual’s ability to meet their own needs, solve 
their own problems, and mobilize the necessary resources in order to feel in control 
of their own lives [20, 21]. Person-tailored daily life feedback may thus increase pa-
tient empowerment in the sense of having better information, more informed choices 
and thus enhanced shared decision-making [5, 22]. However, the effects of actively 
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involving patients with depression in the data collection and interpretation of daily 
life mental states on patient empowerment have not been examined.

Aims of the study
This study examined whether providing patients with tools to self-monitor their 
own mental states increases experienced empowerment. It was hypothesized that 
self-monitoring combined with person-tailored daily life feedback increases patient 
empowerment.

Materials and methods

Participants
For the current randomized controlled trial (registered in the Dutch trial register, 
www.trialregister.nl, trial id: NTR1974)[19], participants were recruited between 
January 2010 and February 2012 via mental health care facilities in or near the Dutch 
cities of Eindhoven and Maastricht, and through local advertisements. The investi-
gation was carried out in accordance with the Declaration of Helsinki (2008). The 
study was approved by an institutional review board (Medical Ethics Committee of 
Maastricht University Medical Centre) and all participants provided written informed 
consent before their enrollment.

Participants were considered eligible when they were between 18 and 65 years 
of age; a DSM-IV-TR diagnosis of depressive episode (assessed with the Structured 
Clinical Interview for DSM-IV Axis I Disorders (SCID-I) [23]) with current or re-
sidual symptoms (17-item Hamilton Depression Rating Scale (HDRS) score of >7 
[24]); treated with antidepressants or mood stabilizers. Participants were excluded if 
they met criteria for a non-affective psychotic disorder according to DSM-IV or if they 
reported a (hypo) manic or mixed episode within the past month.

Design
A randomized controlled trial was conducted with three parallel treatment arms [19]. 
After completion of all baseline assessments, participants were randomly allocated 
to the experimental, pseudo-experimental, or control group. In addition to treatment 
as usual (TAU), the experimental group participated in an ESM procedure (three days 
per week over a six-week period). This group received weekly standardized feedback 
on personalized patterns of positive affect (PA). The pseudo-experimental group 
also participated in the ESM procedure (three days per week over a six-week period) 
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in addition to TAU, but without feedback. The control group received no additional 
intervention during TAU.

Randomization (allocation ratio 1:1:1) was stratified by (i) duration of antidepres-
sant pharmacotherapy (receiving the current antidepressant or mood stabilizing 
medication for shorter vs. longer than 8 weeks prior to study entry), and (ii) current 
psychotherapy (yes or no). Interviewers were not blind to the patients’ treatment 
allocation. After randomization, the participants were considered part of the study 
regardless of whether they decided to leave the study prematurely.

Participants allocated to the experimental group engaged in a weekly three-day 
ESM procedure for six consecutive weeks and received standardized feedback based 
on the participant’s ESM data in six feedback sessions, in addition to TAU. The pseudo-
experimental group was identical in procedure to the experimental group except that 
no feedback was given. Instead, during these weekly sessions, participants engaged in 
a structured conversation with the researcher, i.e. an HDRS interview, to keep dura-
tion of contacts equivalent to the experimental group. During these six consecutive 
weeks, participants allocated to the control group received TAU only.

Procedure 
The study protocol consisted of a telephone interview, a screening, a baseline as-
sessment (week 0), a six-week intervention period (weeks 1 to 6), a post-assessment 
(week 7), and five follow-up assessments (at weeks 8, 12, 16, 20, 32). The recruitment 
process started with a short telephone interview conducted by a psychologist or psy-
chiatrist to establish whether inclusion criteria were likely met. During a face-to-face 
screening, two weeks before randomization, the SCID-I and HDRS were administered 
as assess whether individuals met inclusion criteria. ESM-assessments took place as 
part of the baseline assessment, during the six-week intervention period, and at the 
post-assessment. Empowerment was assessed twice, at screening and at post-assess-
ment, with nine weeks between the two assessments. Figure 1 shows participant flow 
and procedure throughout the trial period from enrolment to post-assessment.

Empowerment
Empowerment was assessed with the Dutch Empowerment questionnaire [25]. This 
is a 40-item self-rating scale to assess patient empowerment developed by the Dutch 
Trimbos Institute and validated for use in severe mental illness. It incorporates the 
dimensions professional help, social support, own wisdom, sense of belonging, self-
management, and community inclusion. Items are formulated in positive statements 
of strengths as perceived by the participant and are rated on five-point Likert scales 
ranging from 1 (‘strongly disagree’) to 5 (‘strongly agree’), with four items regarding 
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professional health care having the additional option ‘not applicable’. A total score 
(range 40-200) was calculated, with higher scores indicating more empowerment. 
Cronbach’s alpha for the 40 items was 0.92 at pre-assessment and 0.94 at post-
assessment. Previous research has shown a similar Cronbach’s alpha of 0.93 and has 
indicated satisfactory construct validity with correlations with related instruments 
ranging from small to large in the expected directions [25].

 

 

 

 

 

Assessed for eligibility (n=309) 

* Excluded at telephone screening  
- Declined (n= 119) 
- Not meeting criteria (n= 52) 
- Other (n=14) 

* Excluded at full screening  
- Not meeting criteria (n=13) 

* Lost before randomization (n=9) 
 

Analyzed (n=33) 
 

Experimental group (n=33) 
 
ESM + feedback intervention 
 

27 completers, 3 partial completers, 
3 withdrawn from study (too intensive, 
n=1; other, n=2)  

30 completed post-assessment 

30 empowerment observations 

Control group (n=33) 
 
No add-on intervention, 
TAU only 

Analyzed (n=33) 

 

Allocation 

Analysis 

Randomized (n=102) 
 

100 empowerment observations 

Enrollment 

Pseudo-experimental group (n=36) 
 
ESM (no feedback) 
 

32 completers, 2 partial completers,   
2 withdrawn from study (too intensive, 
n=1; not receive feedback, n=1) 

 

Analyzed (n=36) 

 

32 completed post-assessment 

32 empowerment observations 

28 completed post-assessment 
 

27 empowerment observations 

Post-assessment 

Figure 1 | Flow diagram of the study. ESM= Experience Sampling Method; TAU = treatment as 
usual
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Experience Sampling Method
ESM, a validated, structured diary technique consisting of repeated in-the-moment 
micro-measurements of affect and context, was carried out in accordance with previ-
ous studies [2, 12, 26-28]. Participants received a dedicated electronic ESM device 
(‘PsyMate’, [29]) to digitally collect daily life momentary assessments of affect, activity 
and context. The PsyMate was programmed to emit a signal (beep) ten times per day 
at random intervals in each of ten 90-min time blocks between 07:30 am–10:30 pm, 
prompting participants to fill in self-assessments. At each beep, participants used the 
PsyMate to digitally complete a brief questionnaire including current affect (positive 
and negative affect) as well as current context and activities (“daily life activities”, 
“people present”, “physical activity”, and “events”). Positive affect indicators included 
the adjectives “cheerful”, “satisfied”, “enthusiastic” and “relaxed”. Negative affect was 
indexed by the adjectives “down”, “suspicious”, “guilty”, “irritated”, “lonely” and “anx-
ious”. The self-assessments were rated on 7-point Likert scales (ranging from 1=“not 
at all” to 7=“very”). Participants were instructed to complete the questionnaire as 
quickly as possible after the beep.

The ESM procedure was explained to the participant in an initial briefing session, 
and a practice run was performed to ensure that the participants understood the 
questions and the device.

Intervention
For six consecutive weeks, participants in the experimental group received stan-
dardized feedback based on the participant’s ESM data. The six feedback sessions 
immediately followed the weekly three-day ESM procedure. In these face-to-face 
sessions, protocolled feedback was provided by the researcher (a psychologist or 
psychiatrist, n=5). Feedback on participants’ momentary affective state in specific 
daily life contexts and the association with depressive symptoms was given verbally, 
graphically, and in writing. Feedback showed actual levels of PA in the context of daily 
life activities, events, and social situations, and changes in PA level over the course of 
the ESM-intervention (see [19] for examples). A written bullet-point summary report 
of the feedback based on a fixed template was given to both the participant and the 
mental health professional.

Feedback structure
Every feedback session consisted of two parts. In the first part, information with re-
spect to experiences during the most recent week was presented. In the second part, 
this information was placed in the context of the previous ESM weeks.
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Feedback content
The feedback intervention was divided in three modules. Each feedback session 
consisted of information regarding magnitude of and fluctuations in PA experienced 
during the past week was presented, as well as graphs displaying the course of 
experienced PA across the weeks. In addition to these fixed feedback elements, the 
first two weeks of the intervention (module 1), focused on PA experience during daily 
activities. The third and fourth week (module 2) focused on daily events differentiat-
ing between affect experienced during events appraised with an internal vs. external 
locus of control. The last two weeks (module 3) focused on positive affect experienced 
during social interactions in daily life.

Statistical analysis
Statistical analyses were conducted using STATA 13.1 [30], using all available data 
from participants included at randomization. The data had a hierarchical structure. 
This means that multiple assessments (pre- and post-assessment) of empowerment 
are clustered within participants. Multilevel regression analysis is suitable for this 
type of data because it takes the variability associated with each level of nesting 
into account. It is preferred to ANOVA, because it processes all available data and 
can handle missing values, thus retaining statistical power. The xtmixed command 
was used to perform a multilevel regression analysis with the two-way interaction 
between assessment (pre- vs. post-intervention) and group as fixed effects and 
participants as random effects. Model fit was restricted maximum likelihood. Esti-
mated between- and within-group effects were calculated by linear combination of 
the appropriate terms in the model containing the assessment × group interaction 
term (Stata’s lincom procedure). Between-group differences were also translated to 
standardized mean differences (Cohen’s d) using the pooled standard deviation of the 
observed scores obtained at pre-assessment.

Additionally, groups were compared at the level of individual participant change. A 
reliable change index was calculated according to the widely used method of Jacobson 
and Truax [31]: (empowerment score at post-assessment – empowerment score at 
pre-assessment) / SEdiff. The standard error of the difference, SEdiff, was calculated 
using the formula SEdiff = √(2[S1√(1-r)]2), where S1 is the standard deviation (SDpre 

= 18.4) and r is the reliability, in this case the internal reliability (Cronbach’s αpre = 
0.92). Individual reliable change scores >1.96 were considered to reflect statistically 
reliable positive change; change scores < -1.96 reflected reliable negative change; and 
change scores in between these values reflected no reliable change [31]. Χ2-tests were 
used to test for differences between groups in the proportions of participants show-
ing statistically reliable change (increased, decreased, no change).
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Results

Characteristics of the included participants sample are shown in Table 1. Pre-interven-
tion empowerment scores were available for respectively 32 of 33 (control), 35 of 36 
(pseudo-experimental), and 33 of 33 (experimental) participants. Post-intervention 
empowerment scores were available for 30 (control), 32 (pseudo-experimental), and 
27 (experimental) participants. Two participants had incomplete assessments of 
empowerment (front page only, i.e. 15 items), their total scores (mean item score×40) 
were retained in the analyses. Analyses were thus conducted in 102 participants of 
whom 87 had pre- and post-assessment empowerment scores (i.e., 189 observations).

The results from the multilevel regression analysis are displayed in Figure 2. The 
experimental group as well as the pseudo-experimental group showed a significant 
increase in empowerment scores from pre- to post-assessment (B=5.85, 95% CI 
0.40–11.29 p=0.035, and B = 9.78 95% CI 4.68–14.87, p < 0.001, respectively). The 
experimental group, compared to the control group, showed a larger, but statisti-
cally imprecise, increase in empowerment sum scores from pre- to post-assessment 
(B=7.26, 95% CI -0.32–14.84, p=0.061, d=0.44). The pseudo-experimental group also 

Table 1 | Characteristics of study participants at screening.
Variable Total

(n=102)

Experimental

(n=33)

Pseudo-
experimental 
(n=36)

Control

(n=33)

Between-group comparison

test parameter
p

Age 48.0 
(SD=10.2)

48.7  
(SD=10.2)

46.7  
(SD=9.6)

48.9  
(SD=10.9)

χ 2
df=2=2.06 0.36a

Sex M/F 46/56 17/16 14/22 15/18 χ 2
df=2=1.11 0.57 

Ethnicity: Dutch 91 27 35 29 χ 2
df=2=4.34 0.11b 

Educational level       

no/primary low secondary 25 6 9 10   

high school/ low vocational 38 12 14 12 χ 2
df=4=1.73 0.79 

higher vocational/university 39 15 13 11   

Full- or part-time work 35 13 10 12 χ 2
df=2=1.12 0.57 

Illness/unemployment benefits 62 18 20 24 χ 2
df=2=1.06 0.59 

Living with partner/own family 53 18 17 18 χ 2
df=2=0.50 0.78 

Bipolar disorder 9 5 2 2 χ 2
df=2=2.43 0.39 

DSM Axis-I comorbidity 40 12 16 12 χ 2
df=2=0.64 0.73 

Empowerment scores 126.9 
(SD=18.4) 

126.9  
(SD=17.5) 

124.6  
(SD=19.6) 

129.5 
(SD=18.2) 

F(99,2)=0.56 0.56 

a Kruskal-Wallis test adjusted for tied ranks, 
b Fisher exact p-value
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showed a significantly larger increase in empowerment sum scores from pre- to post-
assessment compared to the control group (B=11.19, 95% CI 3.86–18.52, p=0.003, 
d=0.76). The experimental group did not differ significantly in pre-to-post change in 
empowerment scores compared to the pseudo-experimental group (B=-3.93, 95% CI 
-11.38–3.52, p=0.30, d=-0.37).

At post-assessment, however, there were no significant between-group differences 
in empowerment scores (experimental vs. control group: B=4.70, 95% CI -5.18–14.59, 
p=0.35, d=0.36; pseudo-experimental vs. control group: B=6.07, 95% CI -3.50–15.64, 
p=0.21, d=0.23; experimental vs. pseudo-experimental group: B=-1.37, 95% CI 
-11.07–8.34, p=0.78, d=-0.04).

Figure 3 shows the changes in empowerment scores (post-assessment minus pre-
assessment) and the cut-off levels of the 95% confidence interval of the Jacobson-
Truax reliability change index [31]. In the pseudo-experimental group, 29% of the 
participants showed a reliable increase and 0% a reliable decrease, in the experimen-
tal group 19% showed a reliable increase and 4% a reliable decrease, compared to 
17% reliable increase and 21% reliable decrease in the control group. The pseudo-
experimental group differed significantly form the control group in terms of individual 
change scores (χ2=7.48, Fisher exact p=0.02), whereas the experimental group did not 
differ significantly from the control group (χ2=3.74, Fisher exact p=0.18).

 

Figure 2 | Estimated marginal means with standard errors for pre- and post-intervention em-
powerment sum scores, stratified for condition [n=102, 189 obs]. * p<0.05, ** p<0.01, *** p<0.001, 
dashed line p<0.10
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Discussion

Experience sampling methodology allows for the collaborative monitoring of symp-
toms and context by the patient-clinician dyad to aid person-tailored treatment. 
Instead of being a passive receiver of care, the patient assumes an active role, possibly 
enhancing empowerment and mobilizing individual resources. The results of the cur-
rent study are inconclusive. Allocation to the ESM-intervention was associated with 
an increase in empowerment scores, whereas no pre-to-post change in empowerment 
scores was observed in the control group. This tentatively suggests that the use of 
ESM to complement standard antidepressant treatment may indeed increase empow-
erment in patients suffering from mild to severe depressive disorder. However, these 
results need to be carefully interpreted given that no between-group effects were 
observed at post-assessment and the larger increase in the experimental compared to 
the control group was statistically imprecise. Furthermore, there were no significant 
differences between the experimental and pseudo-experimental group, and only the 
pseudo-experimental group showed a significantly higher percentage of participants 
with reliable increase in empowerment compared to the control group. These results 
may suggest that ESM self-monitoring (independent of feedback) may be beneficial 
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with regard to feelings of empowerment, as ESM self-monitoring may allow patients 
to become more mindful of affective states, increasing awareness of variability of 
their emotions, including moments of high affective states [32]. However, it cannot 
be excluded that the increase in empowerment scores is attributable to the weekly 
in-the-office appointments in the intervention period.

In contrast to the hypothesis, the ESM-intervention group did not show larger effects 
on empowerment compared to the pseudo-intervention group that received ESM self-
monitoring without feedback. It may be hypothesized that providing the patient with 
systematic feedback about self-collected ESM-data, and, more specifically, feedback 
focused on daily positive affective experience, is an important factor in empowering 
patients, by giving patients insight into their own strengths and moments of daily life 
successes, setting the path for potential self-reinforcing changes in daily life dynamic 
patterns. That is, the feedback focused on daily life patterns of PA may motivate an 
individual to explore PA-evoking activities in daily life, engagement in these activities 
leads to increased PA, which may broaden attention towards reward-oriented behav-
iors, increasing the likelihood of future experiences of PA [33]. ESM feedback interven-
tion could thus be a tool for creating affective changes through behavioral activation, 
which has been shown to be an effective strategy in reducing depressive symptoms 
[34, 35]. The present study, however, could not support a (additional) beneficial role 
of providing feedback in terms of increasing patient’s self-reported empowerment at 
immediate post-assessment. It may be argued that effects of self-monitoring interven-
tions may not be observable directly after the intervention, because patients need 
some time to apply their newly developed insight about their dynamic emotional 
patterns into their daily lives and to experience changes in their daily lives as a result 
thereof, and only then may feel more empowered. In line with this, effectiveness of the 
feedback intervention in terms of reduction of depressive symptoms was not evident 
directly after the intervention [19]. Initially, both the experimental group receiving 
ESM with feedback and the pseudo-experimental group receiving ESM without feed-
back showed a decrease in depressive symptoms. However, depressive symptoms in 
the experimental group continued to decline over the six-month follow-up period, 
whereas the depressive symptoms in the pseudo-experimental group again wors-
ened during the follow-up period. It may be speculated that empowerment scores 
also continued to increase in the experimental group during the follow-up period, 
whereas the pattern of empowerment scores over time may have been different in 
the other two groups. Furthermore, empowerment is a complex construct and relying 
only on a single self-report questionnaire at post-assessment is likely insufficient to 
capture the mechanisms explaining the impact of ESM-intervention. More research is 
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therefore necessary to investigate long-term effects of self-monitoring in combination 
with feedback on patient empowerment.

Limitations
Owing to the nature of the intervention, it was not possible to blind participants, 
which may have biased the outcomes of the trial. However, if knowledge of allocation 
resulted in biased empowerment ratings by the patient one would, in contrast to the 
current results, expect that the experimental group (relative to the control group) 
demonstrated the largest increase. Instead, the pseudo-experimental group showed 
the largest increase in empowerment scores. Interviewers were also not blind to 
treatment allocation, but effects of interviewer bias may be considered minimal given 
that the assessment of empowerment relied on a self-report questionnaire.

The trial was limited to three arms. It was designed to address the question of 
interest whether ESM self-monitoring in combination with feedback would be effica-
cious in reducing depressive symptoms, not to address the question whether ESM 
self-monitoring per se would be efficacious. The lack of an arm that consisted of self-
monitoring only without weekly visits to the researcher or, alternatively, an arm with 
weekly visits to the researcher without self-monitoring, precludes separating effects 
of self-monitoring from effects attributable to the weekly contacts.
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In the present thesis, two unique characteristics of ambulatory assessment tech-
niques were utilized to (1) measure micro-level mechanisms potentially underlying 
depression, and to (2) intervene on these micro-mechanisms in depression. In the 
first part, ambulatory assessments derived from the experience sampling method 
(ESM) and prospective sleep diaries (chapter 2) were used to investigate sleep- and 
affect-related mechanisms at a micro-level which may underlie depression (chapter 
3-5). It was identified that subjective sleep, which was particularly associated with 
next-day momentary positive affect (PA), predicted depressive symptoms in a large 
female sample (chapter 3). The strength of the observed association between per-
ceived sleep and subsequent PA appeared to be genetically predetermined (chapter 
4). Furthermore, it was shown that the diurnal dynamic patterns of PA and negative 
affect (NA) differed between depressed patients and the general population, possibly 
indicative of a disturbed endogenous rhythm underlying depression (chapter 5). 

In the second part, ESM-based self-reports in the form of personalized feedback 
(‘ESM-I’) were used to influence these micro-mechanisms in a randomized controlled 
trial (RCT) in clinically depressed patients (chapter 6, 7 and 8). In this study, de-
pressed patients were given feedback on personalized patterns of PA. It was shown 
that, although the training did reduce depressive symptoms on the long term, there 
were no acute changes in affect or the PA-related concept of empowerment during, or 
shortly after the intervention period. 

In the following sections, the findings of the present thesis are discussed. First, the 
results of the ‘measure’ part of the thesis (part 1: chapters 2 to 5) are placed into 
the context of both the emotion homeostasis model and the circadian hypothesis of 
depression; and further integrated into a new potential model of micro-mechanisms 
of depression. Second, the results of the ‘intervention’ part of this thesis (part 2: chap-
ters 6 to 8) are discussed, followed by a synthesis and integration of all chapters in a 
valorisation, clinical implication, and future directions section. 

Measure: Linking sleep, affect and depression

The emotion homeostasis model 
In Chapter 3 we have shown that subjective sleep and momentary affect are closely 
intertwined. Using a study design in which both affect and perceived sleep were 
measured prospectively and ambulatory (using a sleep diary as validated in Chapter 
2), we identified that sleep and affect were related both at a micro-level of day-to-
day associations and at the macro-level of longitudinal associations. In other words, 
worse perceived sleep was associated with reduced momentary PA (and to a lesser 
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extent increased momentary NA) the next day as well as with increased depressive 
symptoms in the long-term. Remarkably, the associations between self-reported sleep 
and everyday affect were not bidirectional. Sleep appeared to be more strongly as-
sociated with subsequent affect rather than with previous affect. 

Our findings are in concordance with the notion of sleep having an important 
affect-regulating role [1]. Increasing evidence suggests that rapid-eye-movement 
sleep (REM sleep, i.e., dream sleep) may play an especially prominent role in affec-
tive brain modulation during the night [2, 3]. Previous studies have shown that the 
sleep-deprived brain processes negative emotional memories to a greater extent (or 
positive memories to a lesser extent) than the non-sleep deprived brain, leading to 
an imbalance in memory formation [3]. Furthermore, sleep-deprived subjects show 
an increased limbic response towards emotional stimuli, possibly due to decreased 
inhibition by prefrontal cortex areas [4]. Based on this information, the emotion 
homeostasis model of sleep has been formulated [1-3]. In this model, sleep is given 
an important affect-regulating role with two specific functions. First, it functions to 
properly process emotional experiences during the day. Sleep - with an emphasis on 
REM sleep - is seen as an ‘affective therapist’ [1]: affective experience is both seman-
tically incorporated into the cortical network (i.e., the information is consolidated) 
and uncoupled of its affective tone. In the long-term, emotional events are retained 
in memory without evoking the emotions initially associated with that event [1-3]. 
Second, sleep is thought to ‘recalibrate’ brain function. Such a recalibrating function 
is thought to be necessary to appropriately process next-day emotional events, in-
cluding the proper appraisal and response to environment signals (i.e. the approach 
of reward and the avoidance of danger). In more concrete terms, sleep is associated 
with the instauration of neurotransmitter activity in limbic and prefrontal regions, 
likely related to the absence of monoaminergic neurotransmission during REM sleep. 
Accordingly, a good night’s sleep is associated with a ‘brain reset’ to ideal affective 
reactivity [1-3]. In the absence of the opportunity to regenerate, as seen in sleep 
deprivation, activity in the affective brain network (brainstem structures, amygdala, 
and prefrontal cortex) is altered [1-3]. The emotion homeostasis model is supported 
by studies showing that sleep deprivation is associated with elevated activity in the 
amygdala, decreased activity in the prefrontal cortex, and lower connectivity in the 
amygdala-prefrontal cortex network [4-6]. 

The findings of Chapter 3 add to the emotion homeostasis model by supporting 
the hypothesis that sleep may be necessary for ideal affective reactivity the next day. 
However, while the emotion homeostasis model proposes emotional over-activity for 
both negative and positive affectivity, the current findings suggest that poor sleep is 
associated with an overactive NA system accompanied by a blunted PA system: Poor 
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sleep was associated with increased NA but reduced PA the next day. The notion of a 
blunted, instead of an overactive PA system, is supported by two naturalistic stud-
ies. Bower and colleagues [7] have shown that general levels of PA are positively 
associated with perceived sleep quality, denoting that poor perceived sleep quality is 
associated with less PA. Similarly, Zohar and colleagues [8] have demonstrated that 
the experience of goal-enhancing events is associated with less PA when sleep de-
prived. Conversely, Gujar and colleagues [5] have shown that a lack of sleep enhanced 
reactivity towards positive, pleasurable stimuli: sleep deprivation was associated 
with heightened limbic activity in response to positive stimuli. A possible explanation 
for these discrepant findings may relate to the degree of sleep disturbance. A lack of 
sleep may be associated with emotional blunting of the PA system, potentially tran-
sitioning to an over-active PA system if a certain threshold is reached (i.e. total sleep 
deprivation) [6, 9]. This explanation may also account for the paradoxical observation 
that sleep deprivation in depression can have rapid antidepressant effects [5, 10]; a 
phenomenon discussed in detail below. 

The circadian hypothesis of depression
We have shown the amount of experienced PA during the day is associated with the 
previous night’s sleep (chapter 3), and the strength of this association seems to be 
genetically predetermined (chapter 4). Prior research has demonstrated that mood 
is not only influenced by the previous night’s sleep (i.e. homeostatic influences), but 
it is also under circadian control [11]. Specifically, it has been proposed that PA is 
subjected to circadian oscillations, leading to a characteristic diurnal course resem-
bling an inverted ‘u-curve’ over the waking day, while NA, not being subjected to such 
influences remains relatively stable [12-14]. Our findings on the diurnal variation of 
NA and PA in a real-time ambulatory design (chapter 5) converge with these prior 
hypotheses and previous studies describing the typical diurnal variation of affect. 
We identified a diurnal variation of PA similar to the hypothesized inverted U, with a 
relative constant course of NA across the day. Although the study design in chapter 5 
did not allow to draw conclusions about the origin of these fluctuations, it was specu-
lated (based on previous research [15]) that it may partially reflect circadian impacts. 
Likewise, Chapter 5 showed that patients with a diagnosis of major depression did 
not only exhibit altered mean levels of affect compared to the general population, but 
they also showed a deviant diurnal variation of PA and NA. Compared to the general 
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population, depressed patients demonstrated an attenuated decrease of PA during 
the evening hours, a later peak of PA and a more pronounced diurnal variation of 
NA. This potentially reflects an altered underlying endogenous rhythm [13, 16-18], 
although this has yet to be directly tested. 

Our findings provide indirect support of the circadian theory of depression, in 
which a disturbed underlying circadian rhythm is considered a critical pathogenic 
mechanism [19, 20]. In this theory, a change in circadian parameters, such as a phase 
shift (advance or delay) [21-23] or a blunted amplitude [16, 24, 25] of the circadian 
oscillator is proposed to underlie mood disorders. Evidence for an altered endog-
enous rhythmicity stems from several studies that have shown changed periodicity 
parameters for depressed patients in an array of physiological variables such as body 
temperature [e.g. 26], cortisol [e.g. 27], and melatonin [e.g. 28]. Furthermore, the ef-
ficacy of some chronotherapeutics targeted at synchronizing the circadian oscillator, 
such as bright light therapy, social rhythm therapy, and wake therapy in depression 
[18, 29], provide support for the circadian hypotheses of depression. 

Circadian rhythms and neurotransmission
As mentioned in chapter 1 (introduction), wake therapy (i.e. partial or total sleep de-
privation) is associated with an improvement of mod in 40-60% of depressed patients 
[30, 31]. This paradoxical phenomenon has been related to the serotonergic system, 
possibly mimicking the functioning of pharmacological treatments in depression 
[32]. As discussed in chapter 4, serotonin appears to play a role in the regulation of 
both sleep and mood. Serotonin (5-HT) has been linked to mood and mood disorders 
for a long time, and is the major target of antidepressant medication [32]; most no-
tably, serotonergic functioning has been linked to positive affectivity [33, 34]. Recent 
research has shown interactions and reciprocal connections between circadian and 
serotonin systems [35]. Light exposure has been shown to increase 5-HT turnover 
[36]. Acute sleep restriction has been associated with elevated serotonergic activity 
[37], while chronic sleep deprivation has been demonstrated to induce changes in 
serotonin-receptor sensitivity [38]. Furthermore, as shown in chapter 4, the asso-
ciation between perceived sleep and PA is moderated by the serotonin transporter 
5-HTTLPR polymorphism. Taken together, these findings provide strong evidence 
that serotonin is functionally involved in the connection between sleep, mood and 
circadian rhythms. 

Considering that the circadian system may modulate PA or the behavioural approach 
system (chapter 5), therefore possibly influencing motivation and reward function, 
a potential involvement in the circadian/sleep/affect link has also been proposed for 
the dopaminergic system [39]. Well known for its reward-related functioning, the 
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mesolimbic dopamine system has been implicated in mood disorders, especially in 
anhedonic depression [40, 41]. Furthermore, it may play an important role in sleep 
regulation and has been shown to be subjected to clock genes [41]. In contrast to the 
serotonergic system, however, no direct connections between the dopaminergic and 
circadian system have been established thus far. 

A model for depression 
In the context of the existing literature, the combined findings of chapters 3, 4 and 5 
can be integrated into a model of micro-mechanisms potentially underlying depres-
sion1. At its core, there may be alterations in endogenous rhythms [19, 20] (not tested 
directly in this thesis), which are plausibly associated with sleep disturbances as well 
as changes in affect regulation through a possible link to dysfunctional behavioural 
activation and behavioural inhibition systems (BAS and BIS) (chapter 5). On a phe-
nomenological and behavioural level, this may translate into the emotion of ‘depressed 
mood’, reduced motivation, and decreased goal-directed activities as seen in anhedo-
nia. In concrete terms, too little PA and too much NA during moments requiring high 
engagement with the environment (i.e. during daytime) could imply that potentially 
rewarding situations are not approached. On the other hand, (relatively) high PA and 

1 Harvey and colleagues (42) proposed a related model of micro mechanisms, considering sleep 
disturbances as a trans-diagnostic process, not underlying depression specifically, but psychiatric 
disorders in general. However, as the results of the current thesis (i.e. chapter 5) speak more 
in favor of a relative specificity for depression, the model presented here considers depression 
specifically. 

 

Altered endogenous 

periodicity 

BAS/BIS 

Alterations PA/NA 

Poor Sleep 

Depression 5-HT 
DA 

Emotion 
Homeostasis 
 

Figure 1 | Possible micro-mechanisms underlying depression. Dotted lines indicate that the as-
sociations were not tested directly in the current thesis and rely on previous research and as-
sumptions (see text).
BAS=Behavioural activation system; BIS=Behavioural inhibition system; PA=Positive affect; NA=Negative af-
fect; DA=Dopamine; 5HT=Serotonin



Chapter 9

146

low NA levels at moments requiring disengagement with the environment (i.e. during 
the evening/night) could interfere with sleep-related processes. 

As presented in chapter 3, sleep and daily affect regulation are closely associated. 
This relationship appeared to be not entirely bidirectional, as the associations between 
affect and previous nights’ sleep was stronger than between affect and subsequent 
sleep (indicated by the varying thickness of arrows in Figure 1). Thus, our findings 
provide support for the emotion homeostasis model as proposed by Walker [1-3]. 
Furthermore, the strength of the association between sleep and affect appeared to 
be genetically predetermined; the monoaminergic neurotransmitters serotonin and 
dopamine possibly play a role in these associations [chapter 4, but see also 35, 39, 
42]. Together, the interaction and potential mutual maintenance of changed sleep- 
and affect related processes, may be associated with the development of depression. 
Here, a special role has to be ascribed to PA. Not only did PA appear to have a stronger 
association with perceived sleep than NA in the current thesis, it has also been shown 
elsewhere to be crucial in predicting the development, recovery and course of depres-
sion [43-48]. As such, the PA system seems an essential element in depression, and 
therefore a key target for interventions, as explored further in chapters 6-8. 

Intervention: Using ESM to target PA 

In chapters 6, 7, and 8, the use of ambulatory assessments was extended from 
monitoring for fundamental research purposes (i.e. unravel underlying mechanisms 
as in chapters 3 to 5) to therapeutic applications in depression. By capitalizing on 
recent developments concerning the shift from paper- and pencil-based to electronic 
ESM data collection, it was possible to feed back the fine-grained, micro-level infor-
mation collected by ESM directly to the depressed patient, creating a new form of 
intervention. As PA has been shown to play a crucial role in depression [43-47, 48, 
see also previous paragraphs], the PA system was selected to be the target of this 
novel feedback intervention based on data electronically collected within an ESM 
protocol (ESM-I, chapter 6). In chapters 7 and 8, we tested the effectiveness of this 
therapeutic application, which consisted of feedback focussing on previous weeks’ 
mood, activities, social company and experienced events. 

Although it could not be directly demonstrated that the PA-focused intervention was 
effective in bringing about short-term changes in PA (chapter 7), nor in the PA-related 
concept of empowerment (chapter 8), the RCT has been observed to be effective in 
decreasing depressive symptoms [49]. This decrease in depressive symptoms was 
only apparent in the long run, commencing at three weeks post-intervention with the 
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peak effect observed on the last measurement occasion, ten weeks post-intervention 
[49]. Affect and empowerment ratings were only assessed during, and shortly after, 
the intervention period: not during the follow-up period. Therefore, it was argued 
that the translational process from ‘theoretical feedback’ to the actual exploration of 
PA evoking activities, eventually leading to an increase of momentary PA extended 
past our measurement window (chapter 7). Alternatively, it must be conceded that 
providing systematic PA-focused feedback about self-collected ESM data may not 
impact momentary PA (chapter 7). In a similar vein, prolonged monitoring appeared 
to increase patients’ empowerment, without an apparent additional benefit of provid-
ing feedback (chapter 8). Although the effects of weekly contact with the researcher 
could not be separately ascertained, it may be argued that merely the increasingly 
active role assumed by the patient with ESM self-monitoring may lead to the mobiliza-
tion of own resources. The recruitment of own resources may, in turn, lead to greater 
experienced empowerment. Similarly, as demonstrated in chapter 7, NA in the ESM-I 
group without feedback decreased significantly after the intervention period, as com-
pared to the control group without ESM monitoring. This effect could also be linked 
to the own resources, mobilized by prolonged self-monitoring in the absence of any 
other training. 

The results of chapters 6, 7 and 8 combined, it could be argued that the prolonged 
engagement of patients in intensive monitoring of their own mental states may be 
beneficial. However, the parent study of the RCT [49] has shown that the positive 
effects of self-monitoring may be only short-lived and, to be beneficial in the longer 
term, this should be combined with feedback. Clearly, as the present RCT was the first 
study to systematically explore the use of experience sampling as a therapeutic ap-
plication, more research is needed. Nevertheless, the our findings provide previously 
unavailable evidence that the joined monitoring (patient and clinician) of affective 
experiences and symptoms in this context could represent an effective new way to in-
tervene in depression and other mental disorders. In the subsequent section, possible 
future applications of ambulatory assessment based interventions are discussed.



Chapter 9

148

References 
 1. Goldstein AN, Walker MP. The role of sleep in emotional brain function. Annu Rev Clin Psychol. 

2014;10:679-708.
 2. Walker MP. The role of sleep in cognition and emotion. Ann N Y Acad Sci. 2009;1156:168-97.
 3. Walker MP, van der Helm E. Overnight therapy? The role of sleep in emotional brain processing. 

Psychol Bull. 2009;135(5):731-48.
 4. Yoo SS, Gujar N, Hu P, Jolesz FA, Walker MP. The human emotional brain without sleep--a prefrontal 

amygdala disconnect. Curr Biol. 2007;17(20):R877-8.
 5. Gujar N, Yoo SS, Hu P, Walker MP. Sleep deprivation amplifies reactivity of brain reward networks, 

biasing the appraisal of positive emotional experiences. J Neurosci. 2011;31(12):4466-74.
 6. Motomura Y, Kitamura S, Oba K, Terasawa Y, Enomoto M, Katayose Y, et al. Sleep debt elicits negative 

emotional reaction through diminished amygdala-anterior cingulate functional connectivity. PLoS 
One. 2013;8(2):e56578.

 7. Bower B, Bylsma LM, Morris BH, Rottenberg J. Poor reported sleep quality predicts low positive 
affect in daily life among healthy and mood-disordered persons. J Sleep Res. 2010;19(2):323-32.

 8. Zohar D, Tzischinsky O, Epstein R, Lavie P. The effects of sleep loss on medical residents’ emotional 
reactions to work events: a cognitive-energy model. Sleep. 2005;28(1):47-54.

 9. Deliens G, Gilson M, Peigneux P. Sleep and the processing of emotions. Exp Brain Res. 
2014;232(5):1403-14.

 10. Gillin JC, Buchsbaum M, Wu J, Clark C, Bunney W, Jr. Sleep deprivation as a model experimental 
antidepressant treatment: findings from functional brain imaging. Depress Anxiety. 2001;14(1):37-
49.

 11. Boivin DB, Czeisler CA, Dijk DJ, Duffy JF, Folkard S, Minors DS, et al. Complex interaction of the 
sleep-wake cycle and circadian phase modulates mood in healthy subjects. Arch Gen Psychiatry. 
1997;54(2):145-52.

 12. Clark LA, Watson D, Leeka J. Diurnal variation in the positive affects. Motiv Emot. 1989;13(3):205-
34.

 13. Murray G, Nicholas CL, Kleiman J, Dwyer R, Carrington MJ, Allen NB, et al. Nature’s clocks and human 
mood: the circadian system modulates reward motivation. Emotion. 2009;9(5):705-16.

 14. Watson D, Wiese D, Vaidya J, Tellegen A. The two general activation systems of affect: Struc-
tural findings, evolutionary considerations, and psychobiological evidence. J Pers Soc Psychol. 
1999;76(5):820.

 15. Murray G, Allen NB, Trinder J. Mood and the circadian system: investigation of a circadian compo-
nent in positive affect. Chronobiol Int. 2002;19(6):1151-69.

 16. Murray G. Diurnal mood variation in depression: a signal of disturbed circadian function? J Affect 
Disord. 2007;102(1-3):47-53.

 17. Peeters F, Berkhof J, Delespaul P, Rottenberg J, Nicolson NA. Diurnal mood variation in major depres-
sive disorder. Emotion. 2006;6(3):383.

 18. Wirz-Justice A. Diurnal variation of depressive symptoms. Dialogues Clin Neurosci. 2008;10(3):337.
 19. Germain A, Kupfer DJ. Circadian rhythm disturbances in depression. Hum Psycopharm Clin Ex. 

2008;23(7):571-85.
 20. McClung CA. How might circadian rhythms control mood? Let me count the ways. Biol Psychiatry. 

2013;74(4):242-9.
 21. Lewy AJ, Rough JN, Songer JB, Mishra N, Yuhas K, Emens JS. The phase shift hypothesis for the 

circadian component of winter depression. Dialogues Clin Neurosci. 2007;9(3):291.



Discussion

Chapter

9

149

 22. Emens J, Lewy A, Kinzie JM, Arntz D, Rough J. Circadian misalignment in major depressive disorder. 
Psychiatry Res. 2009;168(3):259-61.

 23. Lewy AJ, Lefler BJ, Emens JS, Bauer VK. The circadian basis of winter depression. Proc Natl Acad Sci 
U S A. 2006;103(19):7414-9.

 24. Czeisler CA, Kronauer RE, Mooney JJ, Anderson JL, Allan J. Biologic rhythm disorders, depression, 
and phototherapy: a new hypothesis. Psychiatr Clin North Am. 1987.

 25. Souêtre E, Salvati E, Belugou J-L, Pringuey D, Candito M, Krebs B, et al. Circadian rhythms in de-
pression and recovery: evidence for blunted amplitude as the main chronobiological abnormality. 
Psychiatry Res. 1989;28(3):263-78.

 26. Daimon K, Yamada N, Tsujimoto T, Takahashi S. Circadian rhythm abnormalities of deep body tem-
perature in depressive disorders. J Affect Disord. 1992;26(3):191-8.

 27. Posener JA, DeBattista C, Williams GH, Kraemer HC, Kalehzan BM, Schatzberg AF. 24-Hour monitor-
ing of cortisol and corticotropin secretion in psychotic and nonpsychotic major depression. Arch 
Gen Psychiatry. 2000;57(8):755-60.

 28. Claustrat B, Chazot G, Brun J, Jordan D, Sassolas G. A chronobiological study of melatonin and corti-
sol secretion in depressed subjects: plasma melatonin, a biochemical marker in major depression. 
Biol Psychiatry. 1984;19(8):1215-28.

 29. Wirz-Justice A, Benedetti F, Berger M, Lam RW, Martiny K, Terman M, et al. Chronotherapeutics 
(light and wake therapy) in affective disorders. Psychol Med. 2005;35(07):939-44.

 30. Benedetti F, Barbini B, Colombo C, Smeraldi E. Chronotherapeutics in a psychiatric ward. Sleep Med 
Rev. 2007;11(6):509-22.

 31. Wu JC, Bunney WE. The biological basis of an antidepressant response to sleep deprivation and 
relapse: review and hypothesis. Am J Psychiatry. 1990.

 32. Adrien J. Neurobiological bases for the relation between sleep and depression. Sleep Med Rev. 
2002;6(5):341-51.

 33. Flory JD, Manuck SB, Matthews KA, Muldoon MF. Serotonergic function in the central nervous 
system is associated with daily ratings of positive mood. Psychiatry Res. 2004;129(1):11-9.

 34. Williams E, Stewart-Knox B, Helander A, McConville C, Bradbury I, Rowland I. Associations 
between whole-blood serotonin and subjective mood in healthy male volunteers. Biol Psychol. 
2006;71(2):171-4.

 35. Ciarleglio C, Resuehr H, McMahon D. Interactions of the serotonin and circadian systems: nature and 
nurture in rhythms and blues. Neuroscience. 2011;197:8-16.

 36. Lambert G, Reid C, Kaye D, Jennings G, Esler M. Effect of sunlight and season on serotonin turnover 
in the brain. Lancet. 2002;360(9348):1840-2.

 37. Monti JM. Serotonin control of sleep-wake behavior. Sleep Med Rev. 2011;15(4):269-81.
 38. Roman V, Walstra I, Luiten PG, Meerlo P. Too little sleep gradually desensitizes the serotonin 1A 

receptor system. Sleep. 2005;28(12):1505-10.
 39. Hasler BP, Allen JJ, Sbarra DA, Bootzin RR, Bernert RA. Morningness-eveningness and depression: 

preliminary evidence for the role of the behavioral activation system and positive affect. Psychiatry 
Res. 2010;176(2-3):166-73.

 40. Martin-Soelch C. Is depression associated with dysfunction of the central reward system? Biochem 
Soc Trans. 2009;37(1):313.

 41. Nestler EJ, Carlezon Jr WA. The mesolimbic dopamine reward circuit in depression. Biol Psychiatry. 
2006;59(12):1151-9.



Chapter 9

150

 42. Harvey AG, Murray G, Chandler RA, Soehner A. Sleep disturbance as transdiagnostic: consideration 
of neurobiological mechanisms. Clin Psychol Rev. 2011;31(2):225-35.

 43. Dunn BD. Helping depressed clients reconnect to positive emotion experience: current insights and 
future directions. Clin Psychol Psychother. 2012;19(4):326-40.

 44. Garland EL, Fredrickson B, Kring AM, Johnson DP, Meyer PS, Penn DL. Upward spirals of positive 
emotions counter downward spirals of negativity: insights from the broaden-and-build theory and 
affective neuroscience on the treatment of emotion dysfunctions and deficits in psychopathology. 
Clin Psychol Rev. 2010;30(7):849-64.

 45. Geschwind N, Nicolson NA, Peeters F, van Os J, Barge-Schaapveld D, Wichers M. Early improvement in 
positive rather than negative emotion predicts remission from depression after pharmacotherapy. 
Eur Neuropsychopharmacol. 2011;21(3):241-7.

 46. Wichers M, Kenis G, Jacobs N, Myin-Germeys I, Schruers K, Mengelers R, et al. The psychology of 
psychiatric genetics: evidence that positive emotions in females moderate genetic sensitivity 
to social stress associated with the BDNF Val-sup-6-sup-6Met polymorphism. J Abnorm Psychol. 
2008;117(3):699-704.

 47. Wichers MC, Barge-Schaapveld DQ, Nicolson NA, Peeters F, de Vries M, Mengelers R, et al. Reduced 
stress-sensitivity or increased reward experience: the psychological mechanism of response to 
antidepressant medication. Neuropsychopharmacology. 2009;34(4):923-31.

 48. Wichers MC, Myin-Germeys I, Jacobs N, Peeters F, Kenis G, Derom C, et al. Evidence that moment-to-
moment variation in positive emotions buffer genetic risk for depression: a momentary assessment 
twin study. Acta Psychiatr Scand. 2007;115(6):451-7.

 49. Kramer I, Simons CJ, Hartmann JA, Menne-Lothmann C, Viechtbauer W, Peeters F, et al. A therapeutic 
application of the experience sampling method in the treatment of depression: a randomized con-
trolled trial. World Psychiatry. 2014;13(1):68-77.







Valorisation,  
clinical implications  

and future directions





155

Valorisation, clinical implications and future directions

V

Exploration of the use of ESM-I in chapters 6-8 (i.e. the use of therapeutic interven-
tions based on electronic ESM) is just one example of the opportunities offered by 
the advent of rapidly developing electronic ambulatory techniques. These ambula-
tory techniques also include a plethora of wearable electronic sensors in the form of 
wristbands, smart watches, pendants or smart clothing. 

Among the possible research and therapeutic applications of this new technology 
is the integration of several ambulatory procedures such as: (i) ESM, (ii) actigraphy 
(i.e. the registry of diurnal/nocturnal physical activity), (iii) monitoring of physiologi-
cal variables (e.g. temperature, heart rate, hormone levels), (iv) luxometry (i.e. the 
monitoring of light input) and (v) registry of geographic location. This integration 
may provide unprecedented data richness, fostering exciting new routes of discovery 
leading to the unravelling of pathogenic mechanisms on a micro-level (part I of this 
thesis) and the development of new, more effective treatment applications (part II 
of this thesis). By assimilating the information from these diverse high-resolution 
information channels, we may be able to reach a more complete representation of an 
individual’s emotional, behavioural and physiological state within the context of his 
or her daily life. That is, we may go from a black-and-white static photo of a patients’ 
state (i.e. single-point retrospective questionnaires administered in the doctor’s 
office) to a full-colour movie (i.e. continuous, prospective ambulatory assessment 
integrating multiple psychological and physiological channels). With this increased 
resolution and detail, new options emerge. These conceivably include the detailed 
moment-to-moment monitoring of treatment responses, or state monitoring com-
bined with the development of individual relapse logarithms. Recently, a first effort 
has been undertaken to integrate ambulatory assessments of mood and behaviour 
(i.e. ESM) with that of physical activity (i.e. motion sensing); however, it remains until 
now primarily on a conceptual level [1-3]. 

Within somatic medicine, ambulant monitoring of blood pressure or blood sugar 
levels represents a routine clinical process. As of today, this situation is very differ-
ent for the psychiatric context: the ambulant monitoring of mood states, behaviour 
or physical activity is hardly ever used outside the research context. The research 
presented in this thesis, especially in chapter 2 (prospective monitoring of per-
ceived sleep quality vs. retrospective assessment of sleep quality) and chapters 
6-8 (ESM as potential therapeutic application), may help to incorporate ESM and 
other related ambulatory assessments as a routine part of (mental health) clinical 
practice. While concerns could arise about the feasibility and compliance of patients 
when incorporating these techniques in everyday clinical life, the results presented 
chapter 6 to 8 as well as by Kramer and colleagues [4], and other related research 
[5-7] provide evidence refuting these concerns. Ambulatory assessments (even the 
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8-week intensive self-monitoring of affective states and behaviour in patients with 
mild to moderate depression), were well-accepted and compliance rates were high 
[chapter 7, 4]. Moreover, the high popularity of apps on iOS and Android platforms 
providing software for self-monitoring (ranging from food intake, sleeping and activ-
ity patterns to the integration of medical records) argue in favour of a bright future for 
ambulatory assessments in mental health care routine. However, the implementation 
of ambulatory assessment techniques may be impeded by clinicians working within 
this sector. As noted by Trull and Ebner-Priemer [7] and by the researchers associated 
with the RCT presented in chapters 6-8 (personal communication), there seems to be 
a stronger resistance against the incorporation of ambulatory assessments in clinical 
routine by the clinicians themselves. This resistance should be taken seriously and 
the mechanisms behind such barriers should be explored and represent an important 
area of future research. 

The apparent resistance of clinicians to the incorporation of ambulatory assess-
ments may be related to some obvious drawbacks associated with the development 
of novel monitoring methods. The newly developed techniques, including a large 
spectrum of activity monitors and tracking sensors, seem to lead to a different form of 
being, also referred to ‘quantified self ’ or ‘self-logging’. With it, a number of essential, 
yet unresolved problems arise. First of all, there is the issue of privacy. What happens 
to the data collected by the patient? Who is owner of the data and who is authorized 
to access it? Is it the patient’s general practitioner, his/her mental health care profes-
sional, or merely the patient? How long are the data going to be stored? Furthermore, 
security of data storage can be a serious problem. With an increasing amount of chan-
nels collecting personal data which is possibly stored at various places, it becomes 
very vulnerable to cyber criminality such as online hacking. These and other related 
concerns should be carefully addressed through sound empirical methods before ESM 
and ESM-I, combined with other forms of ambulatory assessments, are adapted as a 
regular part of clinical routine. 

By integrating the insights of part one (‘measuring’) and part two (‘intervening’) 
of the present thesis, several recommendations can be provided to guide and inform 
future research. The model of micro-mechanisms potentially underlying depression 
in part 1 (Figure 1), showed the apparent importance of endogenous rhythms, sleep-
wake related processes, and PA, warranting future interventions precisely targeting 
these processes. Therefore, subsequent interventions should be aimed at stabilizing 
endogenous rhythms, enhancing sleep quality, and enhancing the experience of 
positive affect. In recent years, considerable progress has been made in chronothera-
peutic approaches with the underlying goal of normalizing circadian rhythms and, 
by extension, enhancing sleep quality. In 2005, a consensus has been reached by the 
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Committee on chronotherapeutics considering treatment options [8]. Here, light and 
stepped wake therapy, either in isolation, combined and/or augmented with pharma-
cological treatments (i.e. SSRI’s), are recommended as first-line treatments for major 
depression [8]. 

Furthermore, given the apparent importance of PA, psychological treatments which 
have been traditionally focused on reducing negative affectivity rather than increas-
ing positivity, should shift their focus on the restoration of the PA system ‘to get the 
individual going’. A number of promising treatments are currently in development, 
such as behavioural activation approaches [9]. When utilizing ESM to target the PA 
system (demonstrated in part 2 of this thesis), providing feedback about experienced 
PA and thereby increasing PA may not be as straight-forward as previously thought. 
However, by increasing expertise about PA-related mechanisms underlying depres-
sion, increasingly targeted and person-tailored interventions can be developed. In 
concrete terms, it may be more efficient to give person-specific feedback and recom-
mendations on exactly how to adapt behaviour, instead of merely providing passive, 
data-driven feedback about experienced PA. 

On a practical level, chronobiological as well as behavioural activation interven-
tions are par excellence suited to be delivered by, or in combination with, ambulatory 
assessment approaches, integrating psychological (i.e. mood, symptoms, context), 
behavioural (i.e. inside/outside, passive/active activities, sleep patterns), and physi-
ological (i.e. heart rate, temperature, light input, hormones such as cortisol or mela-
tonin) variables. Here, it is crucial to not only meticulously brief the patient, but also 
sufficiently consider potential clinician’s concerns. By doing so, ‘a good laugh and a 
long sleep’, could indeed be the best cures in a doctor’s book. 
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The current thesis focuses on the use of ambulatory (‘in the field’) assessment tech-
niques in the area of mental health and sleep research. The ambulatory assessment 
technique at the heart of this thesis is the Experience Sampling Method (ESM). ESM 
is a structured diary technique which assesses a person’s emotions, experiences and 
behaviour prospectively and recurrently, ‘in the flow of daily life’. Due to its prospec-
tive and repeated nature, fine-grained high resolution (‘micro-level’) information 
of a person’s daily life is gained, enabling investigations into dynamic changes over 
time, across context, and within a person. At the same time, ambulatory assessment 
techniques can be used as a therapeutic application by transforming the fine-grained 
information into personalized feedback. In the present thesis, ambulatory assess-
ments were used to (1) investigate sleep/affect-related micro-mechanisms which 
may be underlying factors for depression (Chapters 2-5) and to (2) influence these 
micro-mechanisms in clinically depressed patients by giving personalized feedback 
based on ESM-assessments (ESM-intervention; Chapters 6-8). 

Chapter 1 is a general introduction and provides an overview of theoretical concepts 
and research methods which are central to this thesis. Scientific background about 
sleep, depression, and positive (PA) and negative affect (NA) regulation, as well as 
the links between these concepts, are presented. Utilized ambulatory assessment 
methodologies are introduced and explained. 

Subjective sleep quality and affect regulation are central to the first part of this thesis. 
In Chapter 2, the construct of subjective sleep quality is explored in patients with 
insomnia. This chapter investigates the role of psychiatric illness in the reporting of 
subjective sleep quality as assessed with (a) a retrospective measure (the Pittsburgh 
Sleep Quality Index, PSQI), versus (b) a prospective, ambulatory measure (a sleep di-
ary). Results showed that the association between the prospective sleep diary and 
the retrospective PSQI was dependent on psychiatric status: the association was 
weaker in insomnia patients with a comorbid psychiatric condition compared to 
patients without comorbidity. Furthermore, patients with a psychiatric comorbidity 
scored significantly higher on the PSQI than those without, a difference which did 
not remain significant after controlling for anxiety. The insomnia patients, with or 
without psychiatric comorbidity, did not differ in their sleep quality ratings based 
on the sleep diary. It was concluded that (1) psychiatric patients may be more biased 
in their retrospective sleep quality ratings, and (2) the PSQI total score may reflect 
sleep-related distress. 

Poor sleep is a recognized risk factor for depression, however little is known about 
the underlying mechanisms. In Chapter 3, we aimed at disentangling potential mech-
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anisms by which sleep may be related to depression. First, using ESM, we zoomed 
down to the ‘micro-level’ of within-person daily life patterns of subjective sleep and 
momentary affect. Second, we zoomed out to the ‘macro-level’ by investigating the 
association between baseline sleep and future depression in a population-based 
female sample. Results showed that subjective sleep was associated with affect dur-
ing the next day, especially PA, while affect during the day was not or only weakly 
associated with subsequent night-time sleep. Furthermore, sleep reported at baseline 
predicted depressive symptoms across the follow-up period. We concluded that the 
subtle, repetitive impact of sleep in (positive) affect may play an underlying role in the 
development of depression. 

Serotonin is associated with the regulation of affective as well as sleep-related pro-
cesses. A functional polymorphism in the serotonin transporter gene (5-HTTLPR) 
has been associated with serotonergic functioning. In Chapter 4, we investigated 
whether allelic variation of this gene moderates the previously identified (Chapter 
3) association between subjective sleep and next-day PA. Results showed that the 
association between subjective sleep quality and PA was dependent on the 5-HTTLPR 
polymorphism: The association was stronger in carriers of at least one copy of the 
S-allele compared to homozygous L-carriers. This result supports the theory that 
serotonin may play a role in the association between sleep and affect. 

Studies have demonstrated that PA and NA unfold differentially across the day: while 
NA remains relatively stable, PA shows a quadratic course (‘inverted u-curve’). There 
is preliminary evidence that the diurnal variation of PA and NA may be deviant in 
depression. However, it has not yet been systematically investigated and it is not 
known if this (potentially) deviant pattern is specific for depression. In Chapter 5, 
the diurnal variation of PA and NA is examined and compared among patients with 
depression, psychosis and a general population sample using ESM. We identified a 
quadratic-like course of PA for all three groups. However, the depressed patients 
showed an attenuated decrease of PA at the end of the day. Furthermore, during the 
afternoon and evening, NA decreased significantly more in the depressed patients 
compared to the general population sample. Patients with psychosis showed a course 
of affect that did not significantly differ from the general population sample. The 
results confirmed the hypothesis that the diurnal variation of affect may be deviant 
in patients with depression, which seemed specific for this disorder. This could be 
related to an altered functioning of the internal biological clock in depression. 
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Chapter 6 presents the first results of a randomized controlled trial (RCT), evaluating 
the feasibility of ESM as a therapeutic application (Chapters 7 and 8 focus on the clini-
cal results of the RCT). In this RCT, an ESM-intervention was examined in which de-
pressed patients collected ESM data over a 6-week period on an electronic ESM device 
(‘PsyMate’). They received weekly feedback on daily life context (i.e., social context, 
current activities, physical activity etc.) in relation to their momentary emotional 
responses, with a focus on the experience of PA. The aim was to give patients more 
insight into functional and dysfunctional behaviours. As continuous mood tracking 
can be challenging, this chapter presents the first results with respect to tolerability 
and feasibility of the trial. Although some aspects of the PsyMate were experienced 
as demanding, the overall feasibility of this ESM-based intervention seemed to be 
promising. 

Chapter 7 examines if the ESM-based intervention introduced in Chapter 6 has an 
impact on the amount of PA experienced in daily life. The study consisted of three 
arms: ESM self-monitoring combined with feedback sessions (experimental group); 
ESM self-monitoring combined with sessions without feedback (pseudo-experimental 
group); and treatment as usual (control group). The feedback received by the patients 
in the experimental group was focused on the experience of PA in an everyday context. 
We investigated if the experimental intervention was associated with an increase in 
momentary PA during or shortly after the intervention. Results showed that the ex-
perimental group did not differ in PA increase compared to the pseudo-experimental 
or control group. Thus, the feedback did not significantly impact on daily PA during 
or shortly after the intervention. We argued that the effects of the feedback on PA 
may evolve slowly and that the period of ESM measures may have been of insufficient 
length to assess these gradually evolving changes in PA. 

Chapter 8 investigates if the ESM-intervention can contribute to more empower-
ment in depressed patients. Continuous self-monitoring, combined with weekly 
feedback, assigns the patient an active role, and may form a base for better insight 
into (dys-)functional behaviours and for improved self-management strategies. This 
may eventually lead to increased empowerment of the patient. Results showed that 
both the experimental and pseudo-experimental groups reported a larger increase of 
empowerment compared to the control group. There was no difference between the 
experimental and pseudo-experimental group. These results suggest that the long-
term, active monitoring of affective responses in daily life may contribute to greater 
empowerment in depressed patients. 
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In Chapter 9, the findings of this thesis are discussed and placed within the context 
of the emotion homeostasis model and the circadian hypothesis of depression. The 
results from Chapters 2 to 5 are integrated into a new model of potential micro-
mechanisms of depression. Subsequently, the possibilities provided by ESM in the 
treatment of depression are further explored (Chapters 6 to 8), followed by a discus-
sion of opportunities for valorisation, clinical implications and future directions for 
research into sleep/affect related mechanisms and ESM interventions in depression.
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Dit proefschrift focust op het gebruik van ambulante (‘ter plaatse’) meettechnieken in 
het onderzoek op het gebied van geestelijke gezondheid en slaap. De ambulante meet-
techniek die hierbij centraal staat is de Experience Sampling Methode (ESM). ESM 
is een gestructureerde dagboektechniek die emoties, ervaringen en gedrag van een 
persoon prospectief en herhaaldelijk, ‘in de stroom van het alledaagse leven’, in kaart 
brengt. Door het prospectieve en herhaaldelijke karakter wordt er gedetailleerde, 
hoge resolutie (‘microniveau’) informatie van het dagelijks leven van een persoon ver-
kregen. Dit maakt onderzoek naar dynamische veranderingen over tijd, over context, 
en binnen een persoon mogelijk. Tegelijkertijd kunnen ambulante meettechnieken 
als therapeutische toepassing worden gebruikt, doordat de nauwkeurige informatie 
getransformeerd kan worden naar gepersonaliseerde feedback. In dit proefschrift 
werden ambulante meettechnieken gebruikt voor het (1) in kaart brengen van slaap/
affect gerelateerde micromechanismen, die mogelijk onderliggende factoren zijn voor 
depressie (hoofdstukken 2-5) en voor het (2) beïnvloeden van deze micromechanis-
men in klinisch depressieve patiënten door het geven van gepersonaliseerde feedback 
op basis van ESM-metingen (ESM-interventie; hoofdstukken 6-8). 

Hoofdstuk 1 is een algemene introductie en biedt een overzicht van de theoretische 
concepten en onderzoeksmethoden die in dit proefschrift centraal staan. De weten-
schappelijke achtergronden van slaap, depressie, positieve (PA) en negatieve affect 
(NA) regulatie, en de onderliggende verbindingen tussen deze concepten, worden 
gepresenteerd. De in dit proefschrift gebruikte ambulante meettechnieken worden 
geïntroduceerd en toegelicht. 

Subjectieve slaapkwaliteit en affectregulatie staan centraal in het eerste deel van dit 
proefschrift. In Hoofdstuk 2 wordt het construct van subjectieve slaapkwaliteit in 
insomnia patiënten onderzocht. In dit hoofdstuk wordt de rol van psychiatrische aan-
doeningen bestudeerd bij de rapportage van subjectieve slaapkwaliteit door middel 
van (a) een retrospectieve maat (de Pittsburg Sleep Quality Index, PSQI) versus (b) 
een prospectieve, ambulante maat (een slaapdagboek). Resultaten toonden dat de as-
sociatie tussen het prospectieve slaapdagboek en de retrospectieve PSQI afhankelijk 
was van de psychiatrische status: de associatie was zwakker in insomnia patiënten 
met een co-morbide psychiatrische conditie dan in patiënten zonder co-morbiditeit. 
Bovendien scoorden insomnia patiënten met een psychiatrische co-morbiditeit 
significant hoger op de PSQI dan insomnia patiënten zonder, een verschil dat niet 
langer significant was na het controleren voor angstklachten. De insomnia patiënten, 
met of zonder psychiatrische co-morbiditeit, verschilden niet in hun schattingen van 
subjectieve slaapkwaliteit op het slaapdagboek. Hieruit werd geconcludeerd dat (1) 
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psychiatrische patiënten meer bias zouden kunnen vertonen in hun retrospectieve 
schattingen van slaapkwaliteit en dat (2) de PSQI totaalscore mogelijk slaap-gerela-
teerde stress reflecteert. 

Slechte slaap is een bekende risicofactor voor depressie. Er is echter weinig bekend 
over onderliggende mechanismen. In hoofdstuk 3 beoogden wij de mogelijke me-
chanismen te ontrafelen die slaap aan depressie linken. Ten eerste zoomden we, door 
middel van ESM, in op het ‘microniveau’ van dagelijkse patronen van subjectieve slaap 
en affect binnen een persoon. Ten tweede zoomden we uit op het ‘macroniveau’ door 
de associatie tussen baseline slaap en toekomstige depressie te onderzoeken in een 
populatie-gebaseerde steekproef van vrouwen. Resultaten toonden dat subjectieve 
slaap samenhing met affect tijdens de volgende dag, met name met PA, terwijl af-
fect overdag niet of nauwelijks geassocieerd was met de daarop volgende nachtelijke 
slaap. Bovendien voorspelde slaap gerapporteerd op baseline depressieve sympto-
men gedurende de follow-up periode. Deze resultaten suggereren dat de subtiele, 
repetitieve impact van slaap op (positief) affect een onderliggende rol kan spelen bij 
het ontwikkelen van een depressie.

Serotonine hangt samen met de regulatie van affectieve- als ook slaap-gerelateerde 
processen. Een functioneel polymorfisme in het serotonine transporter gen (5-HT-
TLPR) is geassocieerd met serotonerg functioneren. In hoofdstuk 4 hebben wij 
onderzocht of allelische variatie in dit gen de in hoofdstuk 3 gerapporteerde associ-
atie tussen subjectieve slaapkwaliteit en PA modereert. Resultaten toonden dat de 
associatie tussen subjectieve slaapkwaliteit en daaropvolgend PA afhankelijk was van 
het 5-HTTLPR polymorfisme: de associatie was sterker in dragers van tenminste één 
S-allel vergeleken met homozygote L-dragers. Deze bevinding ondersteunt de theorie 
dat serotonine een rol speelt in de associatie tussen slaap en affect. 

Studies hebben aangetoond dat PA en NA zich verschillend over de dag ontvouwen: 
terwijl NA relatief stabiel blijft, vertoont PA een kwadratisch beloop (‘omgekeerde 
u-curve’). Er zijn eerste aanwijzingen dat het dagelijkse beloop van PA en NA een 
ander patroon kent in depressie. Dit is echter nog niet systematisch onderzocht en 
het is niet bekend of dit (mogelijk) afwijkende patroon specifiek is voor depressie. In 
hoofdstuk 5 wordt het dagelijkse beloop van affect door middel van ESM onderzocht 
en vergeleken tussen patiënten met depressie, patiënten met psychose, en een steek-
proef uit de algemene populatie. We stelden een kwadratisch beloop van PA vast voor 
alle drie groepen. Echter, in de groep depressieve patiënten was de daling van PA op 
het einde van de dag zwakker. Bovendien daalde negatief affect tijdens de middag en 
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avond significant meer in depressieve patiënten vergeleken met de steekproef uit de 
algemene populatie. De patiënten met psychose vertoonden een beloop van affect dat 
niet significant afweek vergeleken met de steekproef uit de algemene populatie. De 
resultaten bevestigden de hypothese dat het dagelijks beloop van PA en NA in depres-
sieve patiënten mogelijk een ander patroon kent, iets dat specifiek lijkt voor deze 
stoornis. Dit zou kunnen samenhangen met een veranderde werking van de interne 
biologische klok in depressie.

In Hoofdstuk 6 worden de eerste resultaten besproken van een gerandomiseerde ge-
controleerde trial (RCT) die de bruikbaarheid van ESM als therapeutische toepassing 
onderzoekt (in hoofdstukken 7 en 8 wordt ingegaan op de klinische resultaten van 
deze RCT). In deze RCT werd een ESM-interventie onderzocht waarbij depressieve 
patiënten gedurende zes weken ESM data registreerden met een digitaal ESM appa-
raat (‘PsyMate’) en wekelijks feedback ontvingen op de alledaagse context (sociale 
context, actuele activiteit, fysieke activiteit etc.) in relatie tot hun affectieve respons, 
met de focus op het ervaren van PA. Het doel was om de patiënten meer inzicht te 
geven in hun functionele en disfunctionele gedragingen. Omdat het langdurige meten 
van stemming belastend kan zijn, presenteert dit hoofdstuk de eerste resultaten met 
betrekking tot de verdraagbaarheid en haalbaarheid van deze trial. Ondanks dat som-
mige aspecten van de PsyMate als zwaar werden ervaren, bleek de haalbaarheid van 
deze ESM- gebaseerde interventie veelbelovend. 

In hoofdstuk 7 wordt onderzocht of de in hoofdstuk 6 geïntroduceerde ESM-inter-
ventie impact heeft op de mate van PA in het dagelijks leven. De studie bestond uit 
drie armen: ESM zelf-monitoring gecombineerd met feedbacksessies (experimentele 
groep); ESM zelf-monitoring gecombineerd met sessies zonder feedback (pseudo-
experimentele groep); en standaardbehandeling (controlegroep). De feedback die 
deelnemers in de experimentele groep ontvingen was gericht op het ervaren van PA in 
de alledaagse context. We onderzochten of de experimentele interventie geassocieerd 
was met een toename van PA tijdens en direct na de interventie. Resultaten toon-
den dat de experimentele groep niet verschilde in toename van PA vergeleken met 
de pseudo-experimentele of controlegroep. De feedback had dus geen significante 
invloed op dagelijks PA tijdens of vlak na de interventie. We beargumenteerden dat 
de effecten van de feedback op PA zich mogelijk geleidelijk ontwikkelen en de periode 
van ESM metingen onvoldoende lang was om deze geleidelijke veranderingen in PA in 
kaart te kunnen brengen. 
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In hoofdstuk 8 wordt onderzocht of de ESM-interventie kan bijdragen aan meer 
empowerment bij de depressieve patiënten. Langdurige zelf-metingen gecombineerd 
met wekelijkse feedback, geeft de patiënt een actieve rol en zou een basis kunnen 
vormen voor een beter inzicht in (dis-) functionele gedragingen en voor verbeterde 
zelfmanagementstrategieën. Dit zou uiteindelijk tot een empowerment van de patiënt 
kunnen leiden. Resultaten toonden dat de experimentele en de pseudo-experimentele 
groep een grotere toename in empowerment rapporteerden vergeleken met de con-
trolegroep. Er was geen verschil tussen de experimentele en pseudo-experimentele 
groep. Deze resultaten suggereren dat het langdurige, actief monitoren van affectieve 
responsen in het dagelijkse leven mogelijk bijdraagt aan meer empowerment in de-
pressieve patiënten. 

In hoofdstuk 9 worden de bevindingen van dit proefschrift besproken en binnen de 
context van het emotie homeostase model en de circadiane theorie van depressie ge-
plaatst. De resultaten uit de hoofdstukken 2 t/m 5 worden geïntegreerd in een nieuw 
model van potentiële micro-mechanismen van depressie. Vervolgens wordt ingegaan 
op de mogelijkheden die het meten van affect biedt voor de behandeling van depres-
sie (hoofstukken 6 t/m 8), gevolgd door een bespreking van de valorisatie, klinische 
implicaties en toekomstige richtingen van onderzoek naar slaap/affect mechanismen 
en ESM-interventies in depressie. 
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Zittend in de zon van Melbourne, begin ik aan het laatste stuk van mijn proefschrift: 
het dankwoord. Zo veel mensen – uit diverse hoeken en op diverse manieren – heb-
ben aan de totstandkoming van dit proefschrift bijgedragen. Deze mensen wil ik hier 
graag bedanken. 

Allereerst gaat mijn dank uit naar mijn promotor, Prof. dr. Jim van Os. Jim, bedankt 
voor de mogelijkheid om mijn promotieonderzoek onder jou supervisie uit te voeren 
en bedankt voor alle steun en betrokkenheid gedurende deze tijd. Jouw snelheid en 
efficiëntie in het oplossen van problemen, ten alle tijden en door alle tijdzones heen, is 
meer dan indrukwekkend. Mijn bewondering voor jou als wetenschapper en als mens 
is gedurende de afgelopen jaren alleen maar gaan groeien. 

Daarnaast wil ik graag mijn co-promotores, Dr. Claudia Simons en Dr. Marieke Wi-
chers, bedanken. Claudia, bedankt voor je geweldige begeleiding in Eindhoven: Je wist 
altijd precies in te schatten wanneer hulp nodig was en wanneer ik het wel alleen kon. 
Ik heb zo veel waardering voor jouw manier van onderzoek doen en heb gedurende 
de laatste jaren heel veel van jou mogen leren. Bedankt dat je ook in drukke tijden 
mijn begeleiding doorgaans prioriteit hebt gegeven. Marieke, ook jij bedankt voor je 
fantastische begeleiding. Jouw optimisme, enthousiasme, inspiratie en creativiteit 
hebben zo veel bijgedragen aan het eindresultaat. Talloze keren dat ik gefrustreerd 
jouw kamer binnen liep en geïnspireerd en gemotiveerd er weer uit kwam. Jij bent 
echt een toptalent, op zo veel vlakken! En alle drie, Jim, Claudia en Marieke: bedankt 
voor de vrijheid die ik altijd heb gekregen. 

Tevens gaat mijn dank naar Dr. Lex van Bemmel. Lex, bedankt voor je steun en 
begeleiding van al mijn slaap-gerelateerde vraagstukken. Ik was zo blij dat ik bij jou 
als slaap-expert altijd kon aankloppen – jouw passie voor het vak is en blijft indruk-
wekkend. Eveneens bedankt voor je continue inzet voor de REMOD depressiestudie 
vanuit jouw positie als psychiater en opleider bij GGzE. 

Furthermore, I would like to thank Dr. Colleen Carney for the opportunity to visit 
her ‘Sleep and Depression Lab’ at Ryerson University in Toronto, Canada. Colleen, you 
welcomed me so warmly – I had such a great time. I would like to thank you, but also 
Prof. dr. Jack Edinger, for the opportunity to make use of the insomnia dataset while 
in Toronto, and for the support in preparing the ‘PSQI paper’. I hope we can keep up 
our collaboration in the future. 

I am very grateful to all my co-authors of the different papers: thank you for your 
critical input, your ideas, and your support. You significantly improved the quality of 
my papers. Daarnaast wil ik Prof. dr. Catherine Derom en Prof. dr. Evert Thiery bedan-
ken dat ik gebruik mocht maken van het Oost-Vlaamse tweelingregister, waarop drie 
hoofstukken in dit proefschrift zijn gebaseerd. Verder wil ik graag de leden van mijn 
beoordelingscommissie, Prof. dr. Rudolf Ponds (voorzitter), Prof. dr. Derk-Jan Dijk, 
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Prof. dr. Eus van Someren, Dr. Nancy Nicolson en Dr. Rob Havermans bedanken dat 
ze bereid waren om zich te buigen over mijn manuscript. Derk-Jan, jij tevens bedankt 
voor de mogelijkheid om mijn masterstage in jouw slaap-lab te doen. Ik heb er zoveel 
geleerd; een ervaring die ook mijn werk als promovendus heeft beïnvloed. 

Lieve collega’s van GGzE, in het bijzonder Marius, Leon, Lisette, Birgit, Lex, en 
Monique. Heel erg bedankt voor jullie inzet voor het ‘veerkracht onderzoek’. Zonder 
jullie hulp in het doorverwijzen van patiënten was de studie nooit mogelijk geweest. 
Ik begrijp dat wij van het onderzoeksteam soms als lastig konden worden ervaren 
wanneer we weer eens bij jullie binnen liepen om ‘aan de werving te trekken’.…Tevens 
bedankt voor de koffies en praatjes toen ik aan het testen was op de Grijze Generaal. 
Wendy, Truda, Karin en Ron: heel erg bedankt voor jullie hulp in het coördineren van 
REMOD en het afhandelen van alle soorten PsyMate- en dataperikelen. Jullie inzet was 
(en is) ongeëvenaard! Petra, Esther, en Karina: heel erg bedankt voor jullie hulp bij het 
verzamelen van de data (en natuurlijk bedankt voor jullie gezelligheid!). Ingrid, wat 
was REMOD voor een project hé...Het heeft ons allebei heel wat bloed, zweet en tra-
nen gekost. Uiteindelijk hebben wij het tot een goed einde kunnen brengen. Bedankt 
voor al die fijne gesprekken die we hebben gehad. En ten laatste, maar minstens even 
belangrijk, gaat mijn dank uit naar alle deelnemers van de REMOD/veerkrachtstudie. 
Ik wil jullie van harte bedanken voor jullie wekenlange, ja zelfs maandenlange inzet. 
Ik snap zo goed dat het soms niet makkelijk was! 

Wolfgang, vielen Dank für deinen statistischen Rat. Deine Geduld scheint schier 
endlos…Du bist nicht nur Meister deines Fachs, sondern hast auch ein Händchen 
dieses Wissen zu vermitteln. Unsere Abteilung profitiert so viel von deinem Wissen 
(und deinem Humor)!

Lieve AiO-lichting, Claudi, Nicole, Sanne, Petra, Martine, Zuzanne, Feikje, Mayke, 
Ehsan, Dennis: ook al kwam ik vanuit Eindhoven pas de laatste maanden ‘full time’ 
op de afdeling te zitten, jullie gezelschap is mij niet minder dierbaar geworden…
Bedankt dat ik ten alle tijden bij jullie mocht binnenlopen voor een ‘wetenschappelijk 
verantwoorde vraag’ of gewoon een koffie. Lieve Evelien, ook al was je pas helemaal 
op het einde mijn kamergenootje, ik vond het wel erg gezellig en jammer dat we maar 
zo kort bij elkaar zaten. 

Meine liebsten Paranimphen Claudi und Nicole, wie dankbar ich bin dass es euch 
gibt! Manch schwere Stunde hab ich nur durch eure Unterstützung, euren Humor und 
gute Zurede überlebt. Wie ich euch vermisse hier in Oz…. Nicole, buch deinen Flug! 
Und Claudi, ich bin froh dass wir über Skype genauso gut quatschen können wie bei 
einem Kaffee in Aachen oder Maastricht. 

Birgit, danke dass du seit so vielen Jahren mein ‚steun en toeverlaat‘ bist, auch lie-
gen meistens ‚einige‘ Kilometer zwischen uns. Was haben wir schon alles zusammen 
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erlebt...Außerdem tausend Dank, auch an Guillaume, für das Design meines Covers: es 
ist toll geworden. Charlotte, ik ben zo dankbaar voor de dag dat ik op de Dr Poletlaan 
40 een kopje koffie ging halen en ik opeens een bekend gezicht zag. ‘Wat doe jij hier?!’ 
Bedankt voor alle urenlange gesprekken, pep-talks en wijntjes. Jij bent geweldig! En 
aan alle andere vrienden, ook aan diegene die ik nu helemaal niet meer zie: bedankt 
voor jullie steun en interesse. Ik mis jullie. 

Liefste Joa, bedankt voor al die jaren met jou. Bedankt voor jou onvoorwaardelijke 
steun. Zonder jou zou ik niet staan waar ik nu sta en zou ik niet zijn wie ik nu ben. 
Heel veel liefs. 

Oma und Opa, danke für eure Unterstützung und Vertrauen in mich. Ich bin so 
glücklich dass ihr dabei sein könnt. Mama und Papa, wie kann ich euch jemals genug 
danken… Danke dass ihr immer an mich geglaubt habt und in jeder Lebenssituation, 
ganz egal wie schwierig oder kompliziert es scheint, wie eine Festung hinter mir 
steht. Immer. 

Meine liebste Lissy, beste Schwester der Welt, beste Zuhörerin, schärfste Kritikerin, 
größter Fan, beste Komikerin, liebster Mensch, verständnisvollste Person, größter (H)
Ar***(t)mann. Was wäre ich nur ohne dich…Danke für all das, was du fuer mich bist.

Jesse, what can I say? Thank you for all you’ve done for me. Thank you for moving 
mountains (and worlds) with me. Together we can do anything, right? 
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