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General Introduction
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Chapter 110

Background

“Every dark cloud has a colored lining”: this proverb is derived from the existing English 
saying “Every cloud has a silver lining”, which means that every hard or distressing 
situation has a comforting or more hopeful aspect, even though this may not be 
immediately apparent. I like this saying, but I have slightly changed the words to illustrate 
the central topic of this thesis: the importance of paying attention to both darkness, a 
metaphor for negativity or unpleasantness, and colorfulness, a metaphor for positivity 
or pleasantness. Until now, most attention has been paid to negative affect and negative 
events. Although interest in positive affect and positive events has increased over the last 
decades, they are still under researched. This thesis brings, after the focus on black, the 
color back in the literature, and aims to investigate (1) the relation between positive and 
negative affect, and (2) the association between factors that are associated with increased 
risk for depression, on the one hand, and reactivity to positive and negative events, on 
the other hand.

In this thesis, I focus on individuals aged between 10 and 25 years, which I roughly 
indicate as adolescents. They are an interesting group to investigate our research topics 
in for several reasons. First, this group is characterized by large fluctuations of affect over 
the course of a day (e.g. Larson, Moneta, Richards, & Wilson, 2002). Second, they are 
exposed to major physical, personal, social and academic changes simultaneously or in 
quick successions (e.g. Larson & Ham, 1993). All these changes, fueled by feelings of 
loss of control and emotional distress, could result in the onset of psychopathology (e.g. 
Costello, Copeland, & Angold, 2011; Holmbeck, Friedman, Abad, & Jandasek, 2006; 
Wilens & Rosenbaum, 2013). Previous studies have found that the onset of depression 
increases considerably during adolescence (e.g. Kessler, Avenevoli, & Merikangas, 2001), 
and that specifically in adolescence depression has far-reaching consequences because of 
the wide variety of concurrent problems that hinder the development in important 
areas of life (Birmaher et al., 1996). In addition, adolescents with depression have an 
increased risk of recurrent depressive episodes in adulthood (e.g. Jonsson et al., 2011; 
Lewinsohn, Rohde, Klein, & Seeley, 1999; Pine, Cohen, Cohen, & Brook, 1999). 

The life of adolescents is not all doom and gloom: although they show increased 
rates of depression, they also display increased pleasure during rewarding situations (for  
a review see Forbes & Dahl, 2012). This knowledge may have important implications 
for identifying (risk of ) depression in adolescents. It suggests that the experience of both 
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depressed affect and anhedonia (i.e. lack of pleasure) is a better indicator of depression 
than the experience of depressed affect alone. That is, the experience of depressed affect 
at times may be a typical characteristic in adolescence, whereas anhedonia appears 
to be abnormal and therefore perhaps more useful to distinguish between normative 
emotional processes and (early) signs of depression. Unfortunately, little is known about 
whether adolescents who are at risk for depression indeed experience less pleasure in 
daily life. Previous studies in adults have indicated that individuals high in depressive 
symptoms experience a lower number of or less intense positive events, but benefit more 
from these events than individuals low in depressive symptoms (Bylsma, Taylor-Clift, & 
Rottenberg, 2011; Peeters, Berkhof, Rottenberg, & Nicolson, 2010; Thompson et al., 
2012). As I mentioned before, this thesis does not focus on adults, but on adolescents, 
and one aim was to investigate whether adolescents with depressive symptoms, low 
positive affect, or high negative affect experienced fewer positive events and showed 
divergent affect reactivity patterns to negative and positive events as well.

In this General Introduction, I first explain different concepts that are used 
throughout this thesis. Next, I discuss the current state of knowledge about the relation 
between positive and negative affect. Subsequently, I provide information about three 
underlying processes that drive affect and about the specific influence of minor and 
major events on affect. All these processes are subject to individual differences, and I 
therefore then discuss the relation between depression, neuroticism and extraversion 
and these affective processes. This chapter ends with an overview of the aims, the study 
designs and the samples used to investigate short-term (i.e. over hours) and long-term 
(i.e. over years) effects. 

The concepts valence and arousal

Valence and arousal are important concepts to describe events and affect. The term 
valence originates from the Latin word ‘valentia’, which means ‘power, competence’ 
(Hornby, 2010), and has often been used in chemistry with respect to electrons and 
charges. It was introduced in the 1930s in psychology and was primarily used as a 
synonym for ‘psychological charge’ (Colombetti, 2005). Nowadays, valence is a popular 
term in psychology to indicate how dark (i.e. unpleasant) or colorful (i.e. pleasant) 
events are or affect is: from very unpleasant (i.e. negative valence) to very pleasant (i.e. 
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Chapter 112

positive valence) (Colombetti, 2005). 
The term arousal generally refers to the degree of physiological or psychological 

activation (Duffy, 1957). Physiological arousal is expressed by increased heart rate, 
blood pressure, breathing rate, and pupil dilation. Psychological arousal is the subjective 
experience of feeling activated. Negative events almost always evoke arousal (Pfaff, 
Martin, & Ribeiro, 2007). Positive events differ extensively in their degree of arousal: 
for example, taking a relaxing bath results in low arousal, whereas riding a rollercoaster 
results in high arousal. 

Valence and arousal are considered to be the fundamental building blocks of affect. 
Several studies measured core affect with an affect grid (Russell, Weiss, & Mendelsohn, 
1989) in accordance with Russell’s two axis circumplex model (Kuppens, Oravecz, & 
Tuerlinckx, 2010; Russell, 1980; Timmermans, Van Mechelen, & Nezlek, 2009). This 
model places valence and arousal as two orthogonal axes on which different affective 
states could be rated. See Figure 1.1 for examples of the rating of different affective states 
along the valence and arousal axis. 

Given the orthogonal positioning, it is assumed that valence and arousal are two 
independent dimensions of affect. In other words, the rating of how pleasant I feel gives 

Tense
Nervous
Upset

Sad
Bored
Listless

Excited
Elated
Energetic

AROUSAL

VALENCE

Calm
Relaxed
Content

Figure 1.1: Examples of affective states rated along the valence and arousal axis in 
Russell’s two axis circumplex model (Russell, 1980)
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no information about how activated I feel. This independence, however, is a matter of 
debate. For example, Kuppens (2008) observed large individual differences in the relation 
between valence and arousal. In some individuals, highly pleasant or unpleasant feelings 
co-occur with low levels of arousal (e.g. relaxed/ sad), whereas in other individuals these 
feelings co-occur with high levels of arousal (e.g. excited/ nervous).

The relation between positive and negative affect

As mentioned before, valence is a continuum from very negative (i.e. very unpleasant) 
to very positive (i.e. very pleasant) affect. In other words, positive and negative affect 
are two opposite poles of one scale (i.e. the correlation between positive and negative 
affect is -1.01). However, the assumption that positive affect and negative affect are two 
opposite poles of one dimension is not shared by all researchers. Several researchers 
consider positive and negative affect as independent dimensions that are related to 
distinct psychobiological systems (e.g. Watson, Wiese, Vaidya, & Tellegen, 1999). 

Positive affect is related to the BAS (i.e. behavioral approach/ activation system), 
which initiates and regulates approach (i.e. reward-related) behavior. The BIS (i.e. 
behavioral avoidance/ aversive system) is related to negative affect to a greater extent, 
and inhibits goal-oriented behavior and elicits withdrawal behavior (e.g. Carver, 2006; 
Gray, 1987)2. The brain structures that are mainly involved in the experience of positive 
affect are the striatum and orbitofrontal cortex, whereas the amygdala, hippocampus 
and insula play a focal role in the experience of negative affect (e.g. Ernst, 2014).

Recent studies have indicated that the distinction in psychobiological systems 
between positive and negative affect is not as clear as previously thought. For example, 
a meta-analysis by Lindquist and colleagues (2015) found no distinct brain areas for 
positive and negative affect. In addition, it has been shown that positive and negative 

1 In most cases, a correlation of -1.0 is actually not a gold standard for bipolarity, because the positive 
and negative affect dimensions are not measured with a strictly bipolar response scale. For example, a 
respondent who scores a 1 on a positive affect scale ranging from 1 (not at all) to 7 (very) could feel neutral 
or negative. Due to this loss of information, the actual correlation indicating bipolarity will be lower (i.e. r 
= -.47), but could be inflated by systematic measurement errors (Barrett et al., 2009; Russell et al., 1999).

2 This is based on the original version of the reinforcement sensitivity theory of Gray (1982), that is still used 
by several researchers. In a revised version of this theory (Gray et al., 2000), the BIS system detects and 
resolves conflicting stimuli by stimulating either the BAS system or the Fight Flight and Freezing system 
(FFFS). The latter is regarded as the system that is sensitive to aversive stimuli and initiates withdrawal 
behavior in this revised version of the theory.
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affect also share the same neurotransmitter systems; dopamine and opioids modulate 
both pain and pleasure (Leknes & Tracey, 2008), and the former ‘stress’ neurotransmitter 
serotonin has been associated with changes in positive affect as well (Barrett et al., 
2009). Another indication that positive and negative affect are related to each other is 
that deficits in negative affect often co-occur with deficits in positive affect in depression 
(Lewinsohn, Pettit, Joiner, & Seeley, 2003). These findings suggest that positive and 
negative affect are dependent on each other. 

Taken together, the relation between positive and negative affect is still a controversial 
but important topic, because it could give insight into whether a change in positive 
affect will co-occur with a change in negative affect after the occurrence of positive or 
negative events. In addition, it is vital to know whether experiencing low positive affect 
increases the risk of experiencing high negative affect or vice versa at the same moment 
or later in time. Therefore, the first aim of this thesis is to investigate the relation 
between positive and negative affect. In chapter 2, I investigate the cross-sectional and 
longitudinal relation between anhedonia and depressed affect specifically. In addition, 
this chapter examines the course and stability of anhedonia and depressed affect during 
adolescence, taking possible gender differences into account.

There is also accumulating evidence that a person’s context, such as the degree 
of stress, plays a role in whether positive and negative affect should be regarded as 
independent or dependent from each other (Davis, Zautra, & Smith, 2004; Pruchno 
& Meeks, 2004; Reich, Zautra, & Davis, 2003; Williams, Peeters, & Zautra, 2004; 
Zautra, Reich, Davis, Potter, & Nicolson, 2000). I elaborate further on this topic in 
chapter 3, where I examine the role of perceived arousal in the relation between positive 
and negative affect. The specific objective of this chapter is to clarify within-person and 
between-person effects of arousal on the relation between positive affect and negative 
affect in daily life.

The concepts emotion, mood and affect 

In the previous paragraphs I consistently used the word ‘affect’, which literally means “to 
produce a change” (Barrett & Bliss-Moreau, 2009). Affect is used as an umbrella term 
for an internal state without further specifying the content or time frame, and therefore 
both emotions and mood are covered by this term (Kringelbach & Phillips, 2014). 
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The concept ‘emotion’ is originally derived from the Latin word ‘emovere’, which 
means ‘that which moves us to action’ (Hornby, 2010). Dozens of definitions of 
emotions have passed the revue over the years to make this vague description more 
comprehensible; from Socrates’ definition ‘Emotions are pleasures and pains of the 
soul’ in 430 BC, to Scherers’ definition ‘Emotion is a cultural and psychobiological 
adaptation mechanism which allows each individual to react flexibly and dynamically 
to environmental contingencies’ in 2009 (Scherer, 2009). These frequent attempts to 
define emotions highlight the difficulty in providing one clear definition of emotion 
that comprises all aspects (Kringelbach & Phillips, 2014). 

The functional definition of an emotion is a state that helps an individual to cope 
with threats and challenges of the environment. For example, fear initiates a flight 
response to escape the threatening environment, and joy indicates that the environment 
is challenging and stimulates approach behavior (Kuppens et al., 2010). Given that 
emotions are adaptive responses to the environment, it is not surprising that emotions 
have a transient character: they are present as long as they are needed, and are quickly 
followed by a return to the set point level (i.e. baseline levels) around which emotions 
fluctuate (Kuppens et al., 2010). 

The concept ‘mood’ is often used as a description of this set point level. Usually, 
mood states are described as more diffuse, longer-lasting states that are less specifically 
influenced by a trigger from the environment than emotions (Kringelbach & Phillips, 
2014). The American Psychiatric Association used an attractive metaphor to explain the 
distinction between emotion and mood: “emotions are fluctuating changes in emotional 
weather, whereas mood is the pervasive and sustained emotional climate” (APA, 1994; as 
described in Gross, 1998). These definitions appear clear at first sight, but the boundary 
between emotions and mood sometimes remains fuzzy. 

In the rest of this thesis, I continue to use the umbrella term affect. Strictly speaking, 
the focus is on mood in the chapters in which we examine long-term effects (chapter 2 
and 4), whereas emotions are central in the chapters in which we examine short-term 
effects (chapters 3, 5, 6 and 7). 
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Chapter 116

Central processes that drive affect 

As we are living in a world with a constant stream of changes in the environment, it makes 
sense that affect is often viewed as a dynamic system to adaptively react to environmental 
changes. Kuppens et al. (2010) have identified three underlying processes in this system: 
(1) baseline affect, (2) affective variability, and (3) attractor strength. Differences in 
affective experiences between individuals could be explained by differences in these basic 
processes (Kuppens et al., 2010).

Baseline affect
Baseline affect (i.e. the set point level) refers to affect in normal situations. In other words, 
it is the typical affective state of an individual; the point to which affect returns after an 
increase or decrease in reaction to internal and external events. Kuppens et al. (2010) 
described baseline level of affect as “a particular combination of valence and arousal 
that reflects the affective home base; the baseline functioning of the affective system 
(i.e. the affective comfort zone of an individual)”. This baseline level of affect appears 
to be consistent and pervasive over time, reflecting a trait characteristic of a person, 
but it possibly loses its stability when important changes in the environment occur 
(Kuppens et al., 2010). In general, the baseline level of affect is mildly positive (Diener 
& Diener, 1996; Kuppens et al., 2010), although there is large variation in baseline 
affect levels across individuals, which could be explained by biological, personality and 
age factors (e.g. David, Green, Martin, & Suls, 1997; Ito & Cacioppo, 2005; Norris, 
Larsen, Crawford, & Cacioppo, 2011; Pinquart, 2001). Baseline affect is traditionally 
measured with a questionnaire addressing the experiences of certain affective states ‘in 
general’. However, rapid consecutive measurements of affect in daily life provide a more 
reliable measure of baseline affect, because they enable the researcher to calculate the 
point to which affect returns or the mean level of affect across the measurements. 

Affect variability
Affect variability refers to the fluctuations of affect around the baseline level. These 
fluctuations are reactions upon internal or external factors including hormone levels 
(e.g. Oinonen & Mazmanian, 2001), alcohol use (e.g. Simons, Wills, & Neal, 2014), 
the weather (e.g. Denissen, Butalid, Penke, & van Aken, 2008; Klimstra et al., 2011), 
the time of the day or week (e.g. Egloff, Tausch, Kohlmann, & Krohne, 1995; Harvey et 
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al., 2015; Stone, Schneider, & Harter, 2012), positive and negative events (e.g. Zautra, 
Affleck, Tennen, Reich, & Davis, 2005), social interactions (e.g. Berry & Hansen, 
1996), physical activity (e.g. Wichers et al., 2012), and music (e.g. Juslin, Liljeström, 
Västfjäll, Barradas, & Silva, 2008). Individuals differ in the extent to which their affect 
fluctuates in response to these factors (Eaton & Funder, 2001; Kuppens, Van Mechelen, 
Nezlek, Dossche, & Timmermans, 2007; Penner, Shiffman, Paty, & Fritzsche, 1994; 
Timmermans, Van Mechelen, & Kuppens, 2010). 

By measuring affect variability in individuals, it is possible to investigate whether 
individuals differ in the combined impact of these factors. Affect (in)variability has 
been measured in different ways: by calculating the (1) standard deviation (SD), (2) 
autocorrelation, and (3) mean square successive difference (MSSD) of affect. Each 
measure examines a different aspect of (in)variability (Ebner-Priemer, Eid, Kleindienst, 
Stabenow, & Trull, 2009; Jahng, Wood, & Trull, 2008; Koval, Pe, Meers, & Kuppens, 
2013; Thompson et al., 2012). Most researchers calculate the SD of affect, but the SD 
only reflects the overall range of fluctuations in affect, that is the average deviation from 
one’s own average affect score, and provides no information on whether affect changes 
from moment to moment (i.e. temporal dependency). The temporal dependency of 
affect could be measured by the autocorrelation of affect (i.e. the correlation of affect 
between two consecutive measurements). This measure is frequently labeled as ‘inertia’ 
(Koval et al., 2013). High affective inertia means that the level of affect at a previous 
moment predicts the level of affect at the next moment. In other words, affect is likely to 
persist from one moment to the next; it reflects slow changes of affect. Inertia, however, 
does not reveal knowledge about the amplitude of fluctuations (Ebner-Priemer et al., 
2009; Jahng et al., 2008; Koval et al., 2013; Thompson et al., 2012). The examples 
provided in Figure 1.2 help to clarify the differences in meaning between general affect 
variability (i.e. SD) and inertia (i.e. autocorrelation of affect). The calculation of the mean 
square successive difference (MSSD; see Jahng et al., 2008 for the formula) incorporates 
information about both the amplitude of fluctuations and temporal dependency. All 
three measures of affect variability will be used in chapter 5, in which we examine, 
amongst others, whether depressive symptoms are related to positive affect variability.
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Chapter 118

Attractor strength
The attractor (originally derived from the Latin word ‘attrahere’ that means ‘draw to’) 
strength reflects the regulatory processes that are activated to regulate affective states 
that deviate from the baseline level (Kuppens et al., 2010). In other words, it echoes the 
processes that ‘repair’ elicited negative or positive affect. The speed of ‘repair’, that is, 
how long it takes for positive or negative affect to return to baseline levels, is dependent 
on the use of cognitive strategies, such as rumination or reappraisal (Kuppens et al., 

Figure 1.2: Distinction between general variability (i.e. SD) and inertia (i.e. 
autocorrelation)

Figure 1.2a: low variability, low inertia

Figure 1.2b: low variability, high inertia

FAST

SLOW

FAST

SLOW

Figure 1.2c: high variability, low inertia

Figure 1.2d: high variability, high inertia

General variability (i.e. SD) reflects the overall range of fluctuations. Inertia reflects the 
autocorrelation between two consecutive states (i.e. temporal dependency). In other words, 
inertia is a reflection of the frequency/ speed of change: high inertia indicates that a state 
persists from one moment to the next (i.e. slow changes). Figure 1.2a shows an attraction 
characterized by only small changes in height, but the attraction goes very fast. It reflects 
frequent, but small changes in height. Figure 1.2b shows a ‘rollercoaster’ for very young children. 
The change in height again is really small. In contrast with Figure 1.2a, the speed is slow; the car 
is stacked at the same place frequently, because the child often leaves the car. It reflects slow and 
small changes in height. Figure 1.2c demonstrates a rollercoaster with large loops, and the train 
of the rollercoaster goes very fast. It reflects frequent and large changes in height. Figure 1.2d 
shows the same rollercoaster as in Figure 1.2c, but this rollercoaster is defect. During a ride, the 
train stagnates frequently. It takes time to go from one loop to another loop. It reflects slow but 
large changes in height.
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2010). Rumination refers to focusing on negative emotions and the events that elicited 
these emotions, and to repetitively thinking about possible causes and consequences 
(Nolen-Hoeksema, 1991). Reappraisal is a cognitive strategy that reduces the emotional 
impact of an event by reinterpreting the situation in a less negative or more positive way 
(Gross & John, 2003). 

The influence of minor and major events on affect 
The main focus of this thesis is on the role of (the subjective appraisal of ) positive 
and negative events on affect, because they are one of the most important and robust 
influences on affect, and to some degree modifiable. It is important to distinguish 
between minor and major positive and negative events. Minor positive events (i.e. 
uplifts) and minor negative events (i.e. hassles) influence affect on a daily basis; they 
cause fluctuations in affect and therefore influence the above described affect variability 
measures. Major events, such as a marriage or the death of a loved one, have the capacity 
to change baseline levels of affect over a couple of months (e.g. Headey, 2010), but could 
also influence the daily pattern of affect by creating new uplifts and hassles (Kanner, 
Coyne, Schaefer, & Lazarus, 1981). 

The vast majority of studies have examined the influence of major life events on 
health and psychopathology (Monroe, 2008). However, some researchers have proposed 
that it is just as important to investigate the influence of uplifts and hassles on daily 
affect patterns, because the accumulation of hassles in the relative absence of uplifts is 
also important for health status (e.g. DeLongis, Coyne, Dakof, Folkman, & Lazarus, 
1982; Kanner et al., 1981; Klumb & Baltes, 2004; Monroe, 1983; Pillow, Zautra, & 
Sandler, 1996). This idea is reflected by a poem of Charles Bukowski (1980) quoted in 
Kanner (1981): 

“It is not the large things that send a man to the madhouse....
No, it’s the continuing series
of small tragedies that send

a man to the madhouse
Not the death of his love

but a shoelace that
snaps with no time left.”
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Individuals not only differ in the exposure to major and minor events, but also in 
the degree to which they are affected by these events. The majority of studies showed 
individual differences in the sensitivity to negative events in line with the diathesis 
stress theory (e.g. Monroe & Simons, 1991). This theory puts forward that individuals 
who are vulnerable to psychopathology, because of specific behavioral, physiological 
or genetic factors, are at increased risk of being adversely affected by negative events. 
The influence of positive events is outside the scope of the diathesis stress theory, and 
therefore many studies based on this model did not assess positive events. There is, 
however, also empirical support for theories that did pay attention to positive events: 
the more recently developed differential susceptibility theory (Bakermans-Kranenburg 
& van IJzendoorn, 2007; Belsky & Pluess, 2009; Ellis, Boyce, Belsky, Bakermans-
Kranenburg, & van IJzendoorn, 2011; van IJzendoorn & Bakermans-Kranenburg, 
2012) and the vantage sensitivity theory (Pluess & Belsky, 2013). The differential 
susceptibility theory proposes that certain behavioral, physiological or genetic factors, 
such as 5-HTTLPR or DRD4 polymorphisms or negative emotionality (Bakermans-
Kranenburg & Van IJzendoorn, 2011; Li, Berk, & Lee, 2013), make individuals differ in 
their ‘generalized’ sensitivity to events (i.e. highly sensitive to both negative and positive 
events). The vantage sensitivity theory postulates that some factors lead to individual 
differences in the sensitivity to exclusively positive events (Pluess & Belsky, 2013). It is 
important to note that studies investigating the theories of diathesis stress, differential 
susceptibility and vantage sensitivity have largely been based on major events, such as 
disruptive family functioning and maltreatment. Only few studies examined whether 
these findings extend to minor positive and negative events in the realm of daily life. 
Therefore, we examined whether high affect reactivity to hassles reflects a generalized 
sensitivity to environmental influences, and thus co-occurs with high affect reactivity to 
uplifts in daily life. The findings are presented in chapter 6. 

The relation between depression and affect 

Depressive symptoms 
Many psychiatric disorders are characterized by disturbances in affect, but abnormal 
patterns of affect are most prominent in depression (i.e. Major Depressive Disorder), 
a highly prevalent disorder and one of the leading causes of disability (Mathers & 
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Loncar, 2006; Ormel et al., 2008; Whiteford et al., 2013; World Health Organization, 
2008). By definition, negative affect is increased or positive affect is decreased, because 
a diagnosis of depression according to the Diagnostic and Statistical Manual of Mental 
disorders (DSM-V, American Psychiatric Association, 2013) requires the presence of at 
least one of the two core symptoms: depressed mood (i.e. negative affect) or anhedonia 
(i.e. lack of positive affect). In total, five out of nine symptoms have to be present on 
a daily basis for more than two weeks and have to cause significant impairments in 
multiple domains. The other seven symptoms besides the core symptoms are: significant 
weight loss or weight gain (changes in appetite), insomnia or hypersomnia, fatigue or 
loss of energy, reduced ability to concentrate or make decisions, psychomotor agitation 
or retardation, feelings of worthlessness or excessive or inappropriate guilt, and recurrent 
thoughts of death or suicidal ideation. In this thesis we made a distinction between 
neurovegetative-somatic symptoms (i.e. appetite or weight change, sleep problems, 
fatigue) and cognitive-affective symptoms (i.e. depressed mood, anhedonia, feeling 
worthless, guilt, suicidal ideation) (Lux & Kendler, 2010).

The association between major positive and negative events and depression
There is ample evidence that major negative events, such as serious illness, are associated 
with the onset of depression (Brilman & Ormel, 2001; de Graaf, Bijl, Ravelli, Smit, 
& Vollenbergh, 2002; Friis, Wittchen, Pfister, & Lieb, 2002; Kessler, 1997; Ormel & 
Wohlfarth, 1991; Stroud, Davila, & Moyer, 2008). Approximately 70% of individuals 
with a first onset of depression have recently experienced a major life event (Monroe & 
Harkness, 2005). 

The results of studies investigating the relation between major positive events, such 
as marriage, and depression are mixed. Some studies found that major positive events 
are negatively associated with depression (Cohen, McGowan, Fooskas, & Rose, 1984; 
Cohen, Burt, & Bjorck, 1987; Dixon & Reid, 2000; Gledhill & Garralda, 2011; Kessler, 
1997; Needles & Abramson, 1990; Oldehinkel, Ormel, & Neeleman, 2000), whereas 
other studies did not find a relation between major positive events and depression or 
even a positive relation (de Graaf et al., 2002; Overbeek et al., 2010).

The study described in chapter 4 was set up to explain these inconsistent findings 
by decomposing life events into a valence (i.e. the number of domains with positive 
life changes minus the number of domains with negative life changes) and an amount 
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of change (the total number of life changes irrespective of valence) component. We 
examined whether an excess of major positive life events predicted (clusters of ) depressive 
symptoms while controlling for the total number of life events.  

The association between depressive symptoms and affect variability and affect 
reactivity to minor positive and negative events 
Depression is not only associated with low baseline positive affect and high baseline 
negative affect. It has also been related to the degree of fluctuations in affect, and the 
influence of minor positive and negative events on affect. Studies consistently found 
that negative affect variability is positively associated with depressive symptoms (e.g. 
Koval et al., 2013; Kuppens et al., 2007; Thompson et al., 2012; Wichers et al., 2010). 
The findings with respect to positive affect variability are mixed: some studies did find 
a relation with depressive symptoms (e.g. Gruber, Kogan, Quoidbach, & Mauss, 2013; 
Kuppens et al., 2007), whereas other studies did not (Thompson et al., 2012; Wichers 
et al., 2010).

The results of studies investigating the relation between depressive symptoms and 
affect reactivity to minor positive and negative events are also inconsistent. A meta-
analysis of experimental studies using different mood induction procedures in artificial 
settings demonstrated that depressed patients are characterized by an insensitivity to 
both positive and negative events (Bylsma, Morris, & Rottenberg, 2008). Studies in 
daily life, however, found that depressed individuals showed higher reactivity to positive 
events compared with individuals without depressive symptoms (Bylsma et al., 2011; 
Peeters, Nicolson, Berkhof, Delespaul, & de Vries, 2003). With respect to reactivity to 
negative events the results of the studies were also mixed: Bylsma et al. (2011) found no 
differences between the groups, whereas Peeters et al. (2003) found blunted reactivity 
to negative events in the group with major depression. High reactivity to positive and, 
counterintuitively, negative events was found to have positive outcomes in individuals 
with a diagnosis of depression; it predicted lower depressive symptom severity (Peeters et 
al., 2010). Until now, studies have mainly focused on adults. In chapter 5 the focus is on 
adolescents. We investigated whether depressive symptoms are related to positive events, 
positive affect variability, positive affect reactivity to minor positive events, and reactivity 
to positive affect (i.e. whether positive affect elicits positive events) in daily life. We also 
examined whether this relation is different for early and late adolescents. 
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The relation between personality and affect 

Definition of neuroticism and extraversion
Neuroticism and extraversion belong to the personality Big Five alongside 
conscientiousness, openness to experience, and agreeableness. This thesis solely focused 
on neuroticism and extraversion, because they have shown to be the strongest predictors 
of affect (e.g. DeNeve & Cooper, 1998). High neuroticism and low extraversion have 
been associated with an increased risk of depression, functional impairment, and low 
well-being (e.g. Backenstrass et al., 2006; Cuijpers & Smit, 2004; Cuijpers et al., 2007; 
Cuijpers et al., 2010; Kotov, Gamez, Schmidt, & Watson, 2010; Ormel et al., 2013; 
Ormel, Laceulle, & Jeronimus, 2014; Steel, Schmidt, & Shultz, 2008). 

Neuroticism is a heterogeneous concept (e.g. Ormel, Rosmalen, & Farmer, 2004; 
Ormel et al., 2013). It is frequently conceptualized as the tendency to have problems to 
cope with threat, frustration or loss, and to experience negative emotions frequently (e.g. 
John, Robins, & Pervin, 2008). Therefore, neuroticism is often referred to as negative 
emotionality or negative affectivity. Extraversion is defined by a tendency to seek social 
attention and to be outgoing, assertive, talkative and enthusiastic (e.g. Ashton, Lee, & 
Paunonen, 2002). Extraversion is associated with experiencing high levels of positive 
affect (Izard, Libero, Putnam, & Haynes, 1993; Lightsey, Gharibian Gharghani, Katz, 
McKinney, & Rarey, 2013; Shiota, Keltner, & John, 2006; Steel et al., 2008), and is 
therefore also often described as positive emotionality or positive affectivity.

Affect level versus affect reactivity hypothesis
As mentioned before, neuroticism and extraversion are strong predictors of affect, but to 
which underlying processes of affect the two personality traits are related is still a subject 
of debate. Two hypotheses dominate the literature. First, the affect level hypothesis 
states that neuroticism is related to the experience of high baseline levels of negative 
affect (and not positive affect), whereas extraversion is related to the experience of high 
baseline levels of positive affect (and not negative affect) in general, regardless of the 
environment (e.g. Gross, Sutton, & Ketelaar, 1998). There is empirical support for this 
hypothesis, although neuroticism has also significantly been associated with positive 
affect in some studies (Longua, DeHart, Tennen, & Armeli, 2009; Zautra et al., 2005). 
Mitte and Kämpfe (2008) showed that the form of positive affect matters. For example, 
extraversion related most strongly to joy (i.e. positive affect high in arousal), whereas 
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neuroticism related, inversely, most strongly to contentment (i.e. positive affect low in 
arousal). 

The second hypothesis, the affect reactivity hypothesis, postulates that neuroticism 
and extraversion are associated with how strongly individuals react to negative and 
positive events, respectively (Howell & Rodzon, 2011). Studies showed mixed empirical 
support for this hypothesis. The majority of studies found that individuals high in 
neuroticism react more strongly to hassles (e.g. Bolger, 1990; Bolger & Schilling, 1991; 
Bolger & Zuckerman, 1995; Gross et al., 1998; Larsen & Ketelaar, 1991; Longua et al., 
2009; Marco & Suls, 1993; Ng, 2009; Rusting & Larsen, 1997). However, several other 
studies failed to find an association between neuroticism and affect reactivity to minor 
negative events (e.g. David et al., 1997; Fredrikson & Georgiades, 1992; Jacobs et al., 
2011; Schwebel & Suls, 1999), and between neuroticism and affect reactivity to minor 
positive events (e.g. David et al., 1997; Gross et al., 1998; Jacobs et al., 2011; Ng, 2009; 
Rusting & Larsen, 1997). Findings with respect to extraversion are also inconsistent 
(e.g. David et al., 1997; Howell & Rodzon, 2011; Zautra et al., 2005). This thesis 
contributes to former studies by exploring whether specific facets of neuroticism are 
differentially associated with affect reactivity to minor positive and negative events in 
daily life (chapter 6). 

Furthermore, it is known that neuroticism and extraversion are associated with 
rumination and emotion regulation strategies (Bryant, 2003; Gentzler, Ramsey, Yi, 
Palmer, & Morey, 2014; Gresham & Gullone, 2012; Livingstone & Srivastava, 2012; 
Merino, Ferreiro, & Senra, 2014; Wood, Heimpel, & Michela, 2003; Yoon, Maltby, & 
Joormann, 2013), which are factors that are associated with attractor strength (i.e. how 
long it takes for positive or negative affect to return to baseline levels after a change) 
(Kuppens et al., 2010). This evokes interest in whether neuroticism and extraversion 
predict prolonged effects (i.e. effects over a couple of hours) rather than direct effects of 
minor positive events on positive affect. Chapter 7 is devoted to this topic.

Overview of aims and different study designs 

As mentioned before, the central aim of this thesis is twofold. First, the relation between 
positive and negative affect is examined in chapters 2 and 3. Second, an attempt is made 
to gain more insight into the relation between depressive symptoms, neuroticism and 
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extraversion, on the one hand, and reactivity to positive and negative events, on the 
other hand in chapters 4, 5, 6 and 7. 

The longitudinal cohort study TRacking Adolescents’ Individual Lives Survey 
(TRAILS) was used to measure the relation between positive and negative affect 
(chapter 2) and the effect of major events on depressive symptoms (chapter 4). A 
longitudinal study is an observational study in which participants are followed over long 
periods of time (i.e. years) using repeated measurements. In TRAILS more than 2000 
adolescents were measured from age 11 to age 23 (for more details see Table 1.1 and 
the corresponding chapters). The benefits over cross-sectional designs, which compare 
individuals at one point in time, is that changes within individuals can be studied. 

Two daily life studies were used to investigate the relation between positive and 
negative affect and affect reactivity to positive and negative events over short periods 
of time. Daily life studies, as the name suggests, capture “life as it is lived” (Bolger, 
Davis, & Rafaeli, 2003). In other words, daily life studies investigate relations between 
variables in their natural, spontaneous contexts. Other terms to describe daily life studies 
are intensive longitudinal, ecological momentary or experience sampling (ESM) studies. 
There are large differences between daily life studies in the frequency of measurements 
(e.g. once a day or 10 times a day) and the length of the measurement period (e.g. a 

Table 1.1: Overview of studies with relevant characteristics used in the different chapters

Study Design Participants Procedure Chapters

TRacking 
Adolescents’ 
Individual 
Lives Survey 
(TRAILS)

Longitudinal 
cohort

N = 2230
Age: 10-23 years 

5 assessment waves
Intervals of approximately 2.5 years

2, 4

Uncovering 
the Positive 
Potential of 
Emotional 
Reactivity 
(UPPER)

Experience 
Sampling

N = 74
Age: 18-25 years
Only females

14 days x 5 measurements per day  
Fixed time points 
Intervals of 3 hours

3, 5, 6, 7

Swinging 
Moods

Experience 
Sampling

N = 303
Age: 13-16 years

6 days x 9 measurements per day
Random time points 
On average intervals of 90 minutes

5, 7

Note. The actual number and age of the participants in the chapters can slightly differ from the 
information in this table, because of the specific selection of participants.
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couple of days or months). Another diff erence is that some studies use an event-based 
design in which measurements are based on the occurrence of certain events, whereas 
other studies adopt a signal-based design with measurements at fi xed or random time 
points. In contrast with longitudinal cohort studies, daily life studies are characterized 
by a high number of repeated measurements of interested variables over time. As a 
result, this design enables researchers to examine the temporal order of eff ects and to 
reliably examine within-subject processes. Another important advantage of daily life 
studies is that the variable of interest is measured directly or within a short time span 
after the occurrence of a certain event, and daily life studies are therefore not (or less) 
limited by retrospective memory biases (Shiff man, Stone, & Huff ord, 2008). I used 
two diff erent daily life studies in this thesis: the Uncovering the Positive Potential of 
Emotional Reactivity (UPPER) study (chapters 3, 5, 6, and 7) and the Swinging Moods 
study (chapters 5 and 7). For more information about these studies see Table 1.1 and 
the corresponding chapters.

Table 1.2 gives an overview of the specifi c subjects of the diff erent chapters. In 
addition, it highlights which chapters examine eff ects over years using a longitudinal 
cohort study and which chapters investigate aff ective patterns over hours in daily life. 

Table 1.2: Overview of the different chapters divided in long-term (years) and short-term 
(hours) effects

The relation between positive 
and negative affect

Chapter 2: Anhedonia 
and depressed mood in 
adolescence: Course, stability, 
and reciprocal relation in the 
TRAILS study

Chapter 3: Experiencing positive and 
negative affect in solo or in concert: The 
role of arousal

The relation between factors 
that are associated with 
increased risk of depression 
on the one hand, and 
reactivity to positive and 
negative events on the other 
hand

Depressive symptoms:
Chapter 4: Life changes and 
depressive symptoms: The 
effects of valence and amount 
of change

Chapter 5: Associations between 
depressive symptoms and experience 
of pleasure in daily life in early and late 
adolescence 

Neuroticism/ Extraversion:
Chapter 6: Assessment of affect reactivity 
to uplifts and hassles in daily life and its 
relation with NEO-PI-R neuroticism facets 
Chapter 7: Prolonged effects of positive 
events on positive affect: The impact of 
neuroticism and extraversion
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Part 1

The relation between positive and  
negative affect
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and depressed mood in adolescence: Course, stability, and reciprocal relation in 
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Chapter 2

Anhedonia and depressed mood in 
adolescence: Course, stability, and 
reciprocal relation in the TRAILS study
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Abstract 

Adolescence is marked by increases in the incidence of major depressive disorder 
(MDD), a disorder recognized as one of the leading causes of disability. Anhedonia 
and depressed mood predict both onset and chronicity of MDD, but have never been 
studied together longitudinally in the general adolescent population. The present study 
examined (1) the course and the stability of anhedonia and depressed mood, and (2) 
their cross-sectional and longitudinal relations during adolescence. The study cohort 
consisted of 2,230 adolescents. Anhedonia and depressed mood were assessed with 
items of the YSR and ASR self-report forms at four measurement waves between ages 
11.0 and 19.0. The proportion of adolescents reporting anhedonia decreased between 
ages 11.0 and 19.0, while the proportion of female adolescents reporting depressed 
mood increased. The stability of anhedonia and the cross-sectional association between 
anhedonia and depressed mood was larger at age 19.0 than at age 11.0. We found a 
mutual association between anhedonia and depressed mood without a clear temporal 
sequence. The presence of anhedonia at the end of adolescence might put adolescents 
at increased risk for MDD given the increasingly stronger stability and association with 
depressed mood. This suggests that it becomes more difficult to prevent MDD during 
late adolescence compared with early and middle adolescence. 
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Introduction 

Adolescence is marked by increases in the incidence of Major Depressive Disorder 
(MDD) (Hankin et al., 1998; Oldehinkel, Wittchen, & Schuster, 1999), a disorder 
recognized as one of the leading causes of disability (Mathers & Loncar, 2006; Ormel 
et al., 2008; World Health Organization, 2008). MDD in adolescence is associated 
with suicide risk (Brent et al., 1993), and adolescents with MDD are at high risk of 
recurrence during adulthood (Rutter, Kim-Cohen, & Maughan, 2006). According to 
the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-
IV-TR), the presence of either anhedonia or depressed mood is a prerequisite for the 
diagnosis of Major Depressive Disorder (MDD) (American Psychiatric Association, 
2000). Anhedonia encompasses a generalized lack of positive affect (Gilbert, Allan, 
Brough, Melley, & Miles, 2002) and reflects a low level of pleasurable engagement with 
the environment (Watson, Clark, & Carey, 1988). Depressed mood is characterized by 
feelings of sadness or emptiness and is a component of the broad construct of negative 
affect (Watson & Clark, 1984). Together with concentration problems, irritability and 
hopelessness, anhedonia and depressed mood are the most prevalent symptoms in the 
prodromal and residual phase of MDD (Iacoviello, Alloy, Abramson, & Choi, 2010), 
making them leading predictors of both onset and relapse of this debilitating disorder 
(Conradi, Ormel, & de Jonge, 2012; Paykel et al., 1995). This article describes reciprocal 
associations between anhedonia and depressed mood as well as their course and stability 
during adolescence.

Adolescence is characterized by maturation of brain areas involved in anhedonia 
and depressed mood (Andersen, 2003; Galvan, 2010). The experience of anhedonia 
and depressed mood during adolescence could thus be part of a normative process of 
emotional development, but also carry an increased risk of disturbances that may lead 
to MDD later in time (Pine et al., 1999). Several studies have indicated that anhedonia 
and depressed mood during childhood and adolescence predict adult-onset MDD, with 
a special prognostic value for anhedonia (Pine et al., 1999; Wilcox & Anthony, 2004). 
Wilcox et al. (2004) showed that 58 percent of the adolescents reporting anhedonia 
developed MDD in adulthood. However, relatively little is known about the individual 
course and stability of anhedonia and depressed mood during adolescence, and until 
now, studies that did examine these symptoms in adolescents used a general population 
sample but focused on individuals with a diagnosis of depression (Lewinsohn, Rohde, 
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& Seeley, 1998; Roberts, Lewinsohn, & Seeley, 1995). 
Anhedonia and depressed mood are regarded as the two core symptoms of MDD, 

but are associated with distinct psychobiological systems, that is the approach/appetitive 
system and the avoidance/aversive system (Carver, Sutton, & Scheier, 2000; Carver, 
2006). The approach system elicits behavior with reward potential, with a central role 
of the striatum, and the neurotransmitters glutamate and dopamine (Ernst & Fudge, 
2009; Gray, 2001). The avoidance system inhibits goal-oriented behavior and initiates 
withdrawal behavior (Carver, 2006), with a central role of the amygdala and the 
neurotransmitters norepinephrine and serotonin (Ernst & Fudge, 2009; Gray, 2001).

 The lack of a shared psychobiological basis of anhedonia and depressed mood raises 
questions about the reciprocal relation between the two symptoms. Lewinsohn et al. 
(2003) found that among adolescents with a history of MDD, 67% reported both 
depressed mood and anhedonia, 28% reported depressed mood without anhedonia, 
and 5% anhedonia without depressed mood. Regardless of whether the adolescents 
experienced a current episode of MDD, depressed mood was more prevalent than 
anhedonia (Lewinsohn, Rohde, & Seeley, 1998). Since these findings were based 
on cross-sectional studies, the question remains whether depressed mood precedes 
anhedonia or the other way around. To our knowledge, no longitudinal studies have 
addressed this question so far. 

Considering gender differences in timing of brain maturation and the extent of 
overproduction and pruning of gray and white matter in different brain areas involved 
in anhedonia and depressed mood during adolescence (Andersen & Teicher, 2008; 
Ernst & Fudge, 2009; Lenroot et al., 2007), it is conceivable that these symptoms follow 
different trajectories in boys and girls during adolescence. Previous studies showed 
that gender differences in depression increased during adolescence with girls reporting 
more depressive symptoms (e.g. Angold & Worthman, 1993; Hankin et al., 1998; 
Wade, Cairney, & Pevalin, 2002). These studies are based on a total score of depressive 
symptoms, while little is known about gender effects in the course and stability of 
specific depressive symptoms in the general population. Since depressed mood is one 
of the most prevalent symptoms of depression in adolescents regardless of a current 
diagnosis of depression (Lewinsohn, Rohde, & Seeley, 1998), an increase in depressed 
mood in adolescent girls may largely explain the increase in total depressive symptoms 
in adolescent girls. Compas (1997) indeed showed that depressed mood accumulated 
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over adolescence, with girls having a greater endorsement of depressed mood than 
boys. With regard to anhedonia, there are indications that depressed boys exhibit this 
symptom more than depressed girls during adolescence (Bennett, Ambrosini, Kudes, 
Metz, & Rabinovich, 2005). It is unknown yet whether gender differences also occur 
in the course of anhedonia in the general population. Another factor which has been 
shown to influence depressive symptoms in adolescents is socioeconomic status (SES) 
(Wickrama, Noh, & Elder, 2009). However, the relation between SES and the specific 
symptoms of anhedonia and depressed mood is unknown.

In a large population cohort of Dutch adolescents (N = 2230), we examined 
the course and stability of anhedonia and depressed mood, as well as cross-sectional 
and cross-lagged associations between the two, taking into account possible gender 
differences. We hypothesized that the stability of and cross-sectional association between 
anhedonia and depressed mood would increase during adolescence, as a consequence of 
maturation of involved brain areas. Since previous studies indicated a low prevalence of 
anhedonia without depressed mood, we expected that depressed mood would predict 
anhedonia instead of the other way around. Furthermore, we hypothesized that the 
prevalence of depressed mood would show an increase in girls during adolescence, and 
remain relatively stable in boys. Another hypothesis was that the course of anhedonia is 
different between boys and girls. In addition, we explored whether gender differences 
exist in the stability of anhedonia and depressed mood and the cross-sectional and cross-
lagged associations between depressed mood and anhedonia. 

Methods

Participants and procedure
This study is part of a longitudinal cohort survey of Dutch adolescents, TRAILS (Tracking 
Adolescents’ Individual Lives Survey). TRAILS was approved by the Dutch Central 
Committee on Research Involving Human Subjects and therefore been performed in 
accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and 
its later amendments. All adolescents and their parents gave written informed consent. 
Until now, four assessment waves have been completed, which ran from March 2001 
to July 2002 (T1), from September 2003 to December 2004 (T2), from September 
2005 to Augustus 2008 (T3), and from October 2008 to September 2010 (T4). The 
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sample selection involved two steps. First, selected municipalities were asked to give 
names and addresses of all inhabitants born between October 1, 1989 and September 
30, 1990 (first two municipalities) or October 1, 1990 and September 30, 1991 (last 
three municipalities), yielding 3483 names. Second, primary schools (including schools 
for special education) within these municipalities were approached with the request to 
participate in TRAILS. School participation was a prerequisite for eligible children and 
their parents to be approached by the TRAILS staff. Of the 135 primary schools within 
the municipalities, 122 (90.4% of the schools accommodating 90.3% of the children) 
agreed to participate in the study. Of all adolescents approached for enrolment in the 
study (N = 3145), 76.0% (N = 2230, 50.8% girls, Mage = 11.09 years, SD = 0.56) were 
enrolled in the study. Detailed information about sample selection and analysis of non-
response bias has been reported elsewhere (Huisman et al., 2008; Nederhof et al., 2012). 
Ten percent (n = 230) of the sample had at least one parent born in a non-Western 
country, among which were Surinam (20%), Dutch Antilles (16%), Indonesia (16%), 
Morocco (6.5%), Turkey (5.5%), and other countries (36%) including Iraq, Iran, and 
Somalia. The primary schools that participated in TRAILS were comparable to other 
primary schools in the Netherlands with regard to the percentage of children with a low 
socioeconomic background (16.1% and 15.3%, respectively). The response rates for the 
follow-up waves T2, T3 and T4 were respectively 96.4% (N = 2149, 51.0% girls, Mage = 
13.65, SD = 0.53), 81.4% (N = 1816, 52.3% girls, Mage = 16.27, SD = 0.73), and 84.3% 
(N = 1881, 52.3% girls, Mage = 19.08, SD = 0.60). 

Measures
Anhedonia and depressed mood were assessed by the Youth Self Report form (YSR) 
at T1, T2 and T3 and the Adult Self Report form (ASR) at T4. These self-reported 
evaluation scales measure emotional and behavioral problems during the past 6 
months (Achenbach & Rescorla, 2001). While the ASR deviates in some respect from 
the YSR, the items assessing anhedonia and depressed mood were exactly similar in 
both questionnaires. The complete YSR, ASR and CBCL were administered, but we 
only used the following two items: “I enjoy very little’’, referring to anhedonia, and “I 
am sad, unhappy or depressed”, referring to depressed mood. Participants were asked 
to rate the items on a 3-point scale (0 = not true, 1 = sometimes or a bit true, 2 = 
often or very true). We dichotomized the items into 0 = experienced not at all and 
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1 = experienced sometimes or often, because the score “2” was given too rarely to be 
analyzed as a separate category. Similar to previous TRAILS articles (e.g. Amone-P’Olak 
et al., 2009; Veenstra, Lindenberg, Verhulst, & Ormel, 2009), socioeconomic status was 
measured by averaging the following five standardized items: family income, education 
level (father and mother), and occupation level (father and mother). 

Statistical analyses
All analyses were performed with Stata version 11 (StataCorp., 2003). We combined the 
data from all four assessment waves and used robust clustered standard errors to account 
for the dependency of observations within persons and general heteroscedasticity. The 
use of robust clustered standard errors allowed the existence of correlations among 
errors within each cluster group (in this case, within each individual). This is because 
robust clustered standard errors are corrected standard errors obtained by a “sandwich’’ 
estimator operating on the variance-covariance matrix (Rogers, 1993). Robust clustered 
standard errors have been shown to be unbiased, and provide a straightforward and 
practical approach to deal with correlated clusters in large datasets (Williams, 2000). 
This method allowed us to use all available information, including the incomplete cases. 
In 36.9% of the 2230 adolescents some information was missing. 

To investigate the course of anhedonia and depressed mood, we conducted two 
logistic regression analyses with either anhedonia or depressed mood as dependent 
variable, respectively model one and model two. Wave was dummy coded into three 
variables, namely age 13.5 (wave two), age 16.5 (wave three) and age 19.0 (wave four), 
with age 11.0 (wave one) as reference category. Gender was dummy coded with girls 
as reference category. To examine the effect of gender on the longitudinal course of 
anhedonia and depressed mood, we included gender and two-way gender x wave 
interactions in our models. Post-hoc analyses with the use of different reference groups 
were performed to examine gender differences at age 13.5, age 16.5 and age 19.0. To 
examine the effect of SES on the longitudinal course of anhedonia and depressed mood, 
we included SES and two-way SES x wave interactions in our models.

To investigate stability as well as cross-sectional and longitudinal associations, we 
conducted two logistic regression analyses with either anhedonia at wave t (model 
three) or depressed mood at wave t (model four) as dependent variables. In step one, 
we included wave, gender, depressed mood (or anhedonia in model four) at wave t, and 
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anhedonia and depressed mood at the previous wave (t-1). In these analyses, wave was 
dummy coded into two variables, namely age 16.5 (wave three) and age 19.0 (wave four), 
with age 13.5 (wave two) as reference category. Please note that wave one measures were 
only used as independent variables in these analyses, not as outcomes. To investigate 
whether the cross-lagged effect of depressed mood on anhedonia was larger than that of 
anhedonia on depressed mood, we examined whether the regression coefficient of the 
cross-lagged effect of depressed mood on anhedonia was within the 95% confidence 
interval of that of anhedonia on depressed mood and vice versa. 

In order to examine whether the stability effects, cross-sectional association and 
cross-lagged effects differed between waves or between boys and girls, we entered two-
way interaction terms of the independent variables with wave or gender in step two, 
while three-way interactions of the independent variables with both wave and gender (as 
well as the two-way interaction of wave and gender) were tested in step three. To obtain 
optimal fit and parsimony, only significant interaction effects were maintained in the 
model. Significance levels (two-tailed) were set at p < .05 for all analyses. 

The use of single items is not optimal, but only these two items directly reflected 
anhedonia and depressed mood in the YSR and ASR. Adding other items might hence 
increase the reliability of the measures, but at the cost of a reduced validity. We did 
have parent reports (CBCL) of anhedonia and depressed mood during the first three 
assessment waves (T1 to T3), which were used to evaluate the reliability of the results 
presented in Tables 1 to 4. In order to do so, we calculated mean scores of parent- 
and self-reported anhedonia and depressed mood, and compared results based on these 
combined measures with those based on the single-item measures. Because parent-
reports were not available at T4, these comparative analyses involved the waves T1 to T3 
only. We performed ordinal logistic regression instead of binary logistic regression for 
the combined measures, because they had 3 outcome categories (0; 0.5 and 1) instead 
of 2 (0 and 1).

Results

The course of anhedonia and depressed mood
Figure 2.1 shows the proportion of adolescents reporting anhedonia and depressed 
mood at different waves. At age 11.0 there were no significant differences between boys 
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and girls in anhedonia (see variable boys in Table 2.1). The proportion of girls reporting 
anhedonia significantly decreased from age 11.0 to later ages (see variables Age 13.5, 
Age 16.5 and Age 19.0 in Table 2.1). Boys followed the same pattern as girls, except for 
age 16.5, at which boys reported more anhedonia than girls compared with age 11.0 
(see variable Age 16.5 x Boys in Table 2.1). Post-hoc analyses confirmed that there was 
a significant gender difference in anhedonia at age 16.5, but not at age 11.0, age 13.5 
and age 19.0. The proportion of girls reporting depressed mood increased from age 
11.0 to later ages (see variables Age 13.5, Age 16.5 and Age 19.0 in Table 2.2). Boys did 
not show the same pattern as girls; the differences between boys and girls in reporting 
depressed mood were larger at age 13.5, 16.5 and 19.0 than at age 11.0 (see variables 
Age 13.5 x boys, Age 16.5 x boys and Age 19.0 x boys in Table 2.2). Post-hoc analyses 
showed that gender differences in depressed mood were significantly larger at age 13.5 
and age 16.5 compared with age 11.0 and age 19.0. While socioeconomic status did not 
predict depressed mood, socioeconomic status was a significant predictor of anhedonia. 
The effect of socioeconomic status did not significantly differ between waves: two-way 
SES x wave interaction effects were not significant and hence omitted from the final 
models. 

Figure 2.1: Proportions of adolescents reporting anhedonia and depressed mood at four 
data waves
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Table 2.1: Logistic regression model 1:  Anhedonia as dependent variable with wave 1 as 
reference category

Predictor B SE B 95% CI B OR Z

Intercept -1.00 0.07 [-1.13, -0.87] -14.70***

Boys  0.14 0.10 [-0.05,  0.33] 1.15 1.43***

SES -0.20 0.04 [-0.29, -0.11] 0.82 -4.51***

Age 13.5 -0.33 0.09 [-0.50, -0.15] 0.72 -3.59***

Age 16.5 -0.52 0.11 [-0.72, -0.31] 0.60 -4.91***

Age 19.0 -0.75 0.11 [-0.97, -0.52] 0.47 -6.61***

Age 13.5 x Boys -0.00 0.13 [-0.25,  0.25] 1.00 -0.01***

Age 16.5 x Boys  0.31 0.15 [ 0.03,  0.60] 1.37 2.15***

Age 19.0 x Boys -0.14 0.16 [-0.46,  0.18] 0.87 -0.86***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio, SES = socioeconomic 
status  
*p < .05, **p < .01, ***p < .001.

Table 2.2: Logistic regression model 2: Depressed mood as dependent variable with wave 1 
as reference category

Predictor B SE B 95% CI B OR Z

Intercept -1.01 0.07   [-1.14, -0.87] -14.75***   

Boys -0.34 0.10 [-0.54, -0.14] 0.71 -3.28***

SES -0.04 0.04 [-0.13,  0.05] 0.96 -0.93***

Age 13.5  0.26 0.08 [ 0.10,  0.42] 1.30 3.22***

Age 16.5  0.36 0.09 [ 0.18,  0.54] 1.44 4.00***

Age 19.0  0.47 0.09 [ 0.30,  0.64] 1.60 5.35***

Age 13.5 x Boys -0.57 0.13 [-0.82, -0.32] 0.57 -4.39***

Age 16.5 x Boys -0.79 0.15 [-1.08, -0.50] 0.45 -5.28***

Age 19.0 x Boys -0.48 0.14 [-0.74, -0.21] 0.62 -3.50***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio, SES = socioeconomic 
status 
*p < .05, **p < .01, ***p < .001.
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Stability of anhedonia and depressed mood
As Table 2.3 shows, anhedonia at t-1 predicted anhedonia at t for all ages. The stability 
of anhedonia was significantly larger from age 16.5 to age 19.0 than at earlier ages: wave 
four significantly moderated the effect of anhedonia at t-1. In contrast, the effect of 
depressed mood at t-1 on depressed mood at t did not significantly differ between waves: 
interaction effects with wave were not significant and hence omitted from the final 
model (see Table 2.4). In addition, interaction effects with gender were also omitted 
from the final model, because they were not significant. 

Table 2.3: Logistic regression model 3: Anhedonia as dependent variable with wave 2 as 
reference category

Predictor B SE B 95% CI B OR Z

Intercept -2.00 0.10 [-2.20, -1.79] -19.09***

Dept  0.85 0.12 [ 0.60,  1.09] 2.33 6.80***

Dept-1  0.21 0.09 [ 0.04,  0.39] 1.24 2.40***

Anht-1  0.88 0.12 [ 0.65,  1.11] 2.40 7.53***

Boys  0.30 0.11 [ 0.08,  0.53] 1.35  2.63***

SES -0.16 0.05 [-0.26, -0.06] 0.85 -3.25***

Age 16.5 -0.42 0.17 [-0.74, -0.09] 0.66 -2.53***

Age 19.0 -1.17 0.19 [-1.55, -0.79] 0.31 -6.00***

Age 16.5 x boys  0.51 0.18 [ 0.15,  0.87] 1.66 2.79***

Age 19.0 x boys -0.05 0.21 [-0.46,  0.37] 0.95 -0.22***

Age 16.5 x Anht-1  0.08 0.18 [-0.26,  0.42] 1.08 0.45***

Age 19.0 x Anht-1  0.52 0.21 [ 0.11,  0.94] 1.69 2.47***

Age 16.5 x Dept  0.33 0.19 [-0.05,  0.71] 1.39 1.69***

Age 19.0 x Dept   0.95 0.22 [ 0.53,  1.38] 2.59 4.40***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio, Dept = depressed mood at 
wave t, Dept-1 = depressed mood at wave t-1,  Anht = anhedonia at wave t,  Anht-1 = anhedonia at 
wave t-1, SES = socioeconomic status  
*p < .05, **p < .01, ***p < .001.
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Cross-sectional associations 
At all data waves, anhedonia was significantly associated with depressed mood (Table 
2.3 and 2.4). The significant effect of the interaction with wave 4 indicates that the 
association between the depressed mood and anhedonia was larger at age 19.0 than 
at younger ages (Table 2.4). There were no gender differences in the cross-sectional 
associations. 

Cross-lagged effects
Depressed mood at t-1 significantly predicted anhedonia at t (see variable Dept-1 in 
Table 2.3), and anhedonia at t-1 predicted depressed mood at t (see variable Anht-1 in 
Table 2.4). There were no indications that the cross-lagged effect of depressed mood on 
anhedonia was greater than the cross-lagged effect of anhedonia on depressed mood: 
the regression coefficient of the cross-lagged effect of depressed mood on anhedonia 
was within the confidence interval of the cross-lagged effect of anhedonia on depressed 
mood and vice versa. The cross-lagged effects did not significantly differ between waves 
and gender: interaction effects with wave and/ or gender were not significant and hence 

Table 2.4: Logistic regression model 4: Depressed mood as dependent variable with wave 2 
as reference category

Predictor B SE B 95% CI B OR Z

Intercept -1.44 0.08   [-1.60, -1.29] -17.88***

Anht  0.86 0.13 [ 0.61,  1.11] 2.36 6.82***

Anht-1  0.30 0.08    [ 0.14,  0.46] 1.35 3.63***

Dept-1  1.30  0.08    [ 1.13,  1.46] 3.65 15.61***

Boys -0.95   0.08   [-1.11, -0.80] 0.39 -12.09***

SES -0.03 0.05 [-0.12,  0.06] 0.97 -0.55***

Age 16.5 -0.01   0.10    [-0.21,  0.19] 0.99 -0.07***

Age 19.0  0.14 0.10     [-0.04,  0.33] 1.15 1.50***

Age 16.5 x Anht   0.19 0.19     [-0.18,  0.56] 1.21 1.00***

Age 19.0 x Anht  1.04  0.22     [ 0.60,  1.47] 2.82 4.67***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio,  Anht = anhedonia at wave 
t,  Anht-1 = anhedonia at wave t-1, Dept = depressed mood at wave t, Dept-1 = depressed mood at 
wave t-1, SES = socioeconomic status  
*p < .05, **p < .01, ***p < .001.
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omitted from the final models.
The results of the analyses with the mean of parent and self-report are presented in 

the appendix of the manuscript. The analyses yielded results that were similar to the 
results of the analyses using a single self-report score.

Discussion

Results of this study indicate that the girls in our cohort showed an increase in depressed 
mood from age 11.0 onwards. Anhedonia significantly declined in boys and girls, but 
also became more stable over adolescence. In addition, the cross-sectional association 
between anhedonia and depressed mood became stronger over adolescence. Another 
main finding was that the experience of either anhedonia or depressed mood increases 
the risk of developing the other symptom. We found evidence for this cross-lagged 
effect over and above stability effects of anhedonia and depressed mood and cross-
sectional associations between anhedonia and depressed mood. This could mean that 
experiencing either anhedonia or depressed mood can initiate a negative spiral in which 
the adolescent ends up with a persistent cluster of both anhedonia and depressed mood. 

To our knowledge, this is the first longitudinal study that examined the course of 
anhedonia and depressed mood from age 11.0 until age 19.0. Our results suggest that the 
experience of anhedonia during adolescence may be partly temporary; the proportion 
of adolescents reporting anhedonia decreased from age 11.0 to age 19.0. Anhedonia is 
relatively common in adolescents compared to children (Sørensen, Nissen, Mors, & 
Thomsen, 2005). It is possible that the experience of anhedonia is a consequence of 
normative brain development processes during adolescence (Andersen & Teicher, 2008; 
Forbes & Dahl, 2012; Giedd, 2008), including changes in the dopamine system (Ernst, 
Romeo, & Andersen, 2009) and in white matter development (Ladouceur, Peper, 
Crone, & Dahl, 2012). 

In line with our expectation, we found that girls exhibited more depressed mood 
than boys and that this gender difference in depressed mood was most pronounced 
in middle adolescence (Petersen, Sarigiani, & Kennedy, 1991). This finding is in line 
with studies indicating gender differences in total depressive symptoms between 13 and 
18 years (Hankin et al., 1998). Furthermore, boys showed an increase in anhedonia 
during middle adolescence, which was not seen in girls. Socioeconomic status predicted 
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anhedonia equally across adolescence, but did not predict depressed mood.
There is a paucity of studies examining the stability of anhedonia and depressed 

mood over time. In a sample of adolescents with a diagnosis of MDD, anhedonia and 
depressed mood were the most stable depressive symptoms across two episodes of MDD 
(Roberts et al., 1995), which is not surprising given that the diagnosis of MDD requires 
at least one of these symptoms. Previous studies in general population samples, without 
diagnostic bias, found that the stability of emotional states increased during adolescence 
(Holsen, Kraft, & Vittersø, 2000; Larson et al., 2002). However, these studies did not 
make a distinction between anhedonia and depressed mood. We confirmed in a general 
adolescent population that anhedonia and depressed mood are stable over time, and 
that the stability of anhedonia increases during adolescence. This increasing stability of 
anhedonia appears to contradict our finding that the prevalence of anhedonia decreased 
during adolescence. These are two distinct processes, however. The prevalence of 
anhedonia is higher at age 11.0 than at later ages, but this does not necessarily imply that 
adolescents who reported anhedonia at age 13.5 also reported anhedonia at age 11.0. We 
suggested that anhedonia during early adolescence is to some extent a consequence of 
temporary normative brain development processes in early adolescence with differences 
in exact timing between adolescents. This could also explain the relatively low stability 
of anhedonia between age 11.0 and age 13.5. It could be that most adolescents only 
experienced anhedonia at age 11.0 and no longer at age 13.5, while other adolescents 
did not yet experience anhedonia at age 11.0, but started experiencing anhedonia at age 
13.5 because of a later onset of brain development processes. Anhedonia at later ages 
seems to reflect a more trait marker of anhedonia since the stability between anhedonia 
at age 16.5 and at age 19.0 is relatively high. Adolescents who still experience anhedonia 
during late adolescence may be the adolescents with more severe and more chronic 
anhedonia with a higher stability. We also found that the association between anhedonia 
and depressed mood was stronger at age 19.0 than at earlier ages, which could make 
adolescents at age 19.0 at higher risk for the onset and a more chronic course of MDD. 
Our findings suggest that it becomes more difficult to prevent anhedonia and depressed 
mood at age 19.0 compared to earlier ages, because the experience of anhedonia becomes 
more stable and more tied to depressed mood.

Supporting our hypothesis, anhedonia and depressed mood predicted each other 
over time while adjusting for the stability of the symptoms and their cross-sectional 
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associations. Contradicting our hypothesis, we did not find that depressed mood 
more often preceded anhedonia than vice versa. The results might therefore indicate 
that the experience of one symptom at a certain time point increases the likelihood 
of experiencing the other symptom at a subsequent time point without specific order. 
Since different psychobiological systems are associated with anhedonia and depressed 
mood, respectively the approach and avoidance system (Carver, 2006; Gray, 1990), it 
seems most likely that anhedonia and depressed mood are not directly related to each 
other, but that mediating factors between anhedonia and depressed mood, such as social 
withdrawal (Forbes & Dahl, 2005), play a role. Another possibility is that a common 
cause leads to both anhedonia and depressed mood, such as perceived stress or early 
adversities. Several experimental studies in animals and humans have shown that reduced 
responses to rewards and anhedonia are associated with (perceived) stress (Anisman 
& Matheson, 2005; Berenbaum & Connelly, 1993; Berghorst, Bogdan, Frank, & 
Pizzagalli, 2013; Bogdan & Pizzagalli, 2006; Pizzagalli, Bogdan, Ratner, & Jahn, 2007) 
and early adversities (Dillon et al., 2009). In addition, it has been shown that anhedonia 
is a mediator between perceived stress and the belief of low control over a stressful 
situation (Bogdan, Pringle, Goetz, & Pizzagalli, 2012), the latter possibly accompanied 
by hopelessness, despair and depressed mood (Maier & Watkins, 2005). Consequently, 
perceived uncontrollability of the situation might lead to an increased perception of 
stress (Bogdan et al., 2012), and in turn to anhedonia resulting in a vicious circle. To 
our knowledge, previous studies did not directly investigate the temporal sequence of 
anhedonia and depressed mood. The current study used a measurement interval of 
approximately two and a half years. A clearer picture of short term bidirectional effects 
of anhedonia on depressed mood and vice versa might be given by ambulatory self-
reports which allow people to report their momentary affect in real time across multiple 
moments in their daily lives (Conner & Barrett, 2012), yet an experimental approach is 
required to clarify whether there is a causal relation between anhedonia and depressed 
mood. 

It is also of relevance to investigate whether certain specific components of anhedonia 
are related to depressed mood in future studies. Motivational anhedonia (i.e. the lack 
of motivation to obtain a pleasant outcome) may be associated to a greater extent with 
depressed mood than consummatory anhedonia (i.e. low hedonic response to rewards) 
(Treadway & Zald, 2011). Future research may also benefit from the use of more items 
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measuring anhedonia and depressed mood. However, the use of single items in the 
current study should probably not be regarded as a major limitation of our study, since 
the course of both anhedonia and depressed mood matched expectations based on 
earlier findings. Furthermore, the reliability of our findings is supported by additional 
analyses using a mean score from two informants to measure anhedonia and depressed 
mood, which gave similar results to the analyses of single self-report.

By having measurements from 11.0 years until 19.0 years in a large sample, we 
were able to cover an important developmental period, which is marked by increases 
in the prevalence of MDD. Our findings indicate that the experience of anhedonia 
significantly declines during adolescence. Anhedonia may increase the risk of MDD 
particularly after the mid-adolescence, because anhedonia becomes more stable and 
more tied to depression by then. Future research is needed to replicate and clarify our 
finding that anhedonia and depressed mood mutually reinforce each other over time.
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Appendix 

Comparison of single self-report analyses with combined parent-report and self-
report analyses
The results of the analyses with the mean of parent and self-report were similar to 
the results of the analyses using a single self-report score. An exception was that in 
the analyses with the mean of parent and self-report, anhedonia significantly differed 
between boys and girls at age 11.0, with boys exhibiting more anhedonia than girls (see 
variable Boys in Table A2.5). In addition, the effect that boys reported more anhedonia 
than girls at age 16.5 compared with age 11.0 was smaller in the analyses with the mean 
of parent and self-report. Furthermore, we did not find that girls showed a significant 
increase in depressed mood from age 11.0 to age 13.5 (see variable Age 13.5 in Table 
A2.6) and only a nearly significant increase from age 11.0 to age 16.5 (see variable Age 
16.5 in Table A2.6, p = 0.073). Another difference between the results of the analyses 
with the mean of parent and self-report and single self-report was that the cross-lagged 
effects were somewhat smaller in the analyses with the mean of parent and self-report 
(Dept-1 on Anht: parent report and self-report: Dept-1: B = 0.27, p = 0.016, single self-
report: Dept-1: B = 0.29, p = 0.003, Anht-1 on Dept: parent and self-report: Anht-1: B 
= 0.25, p = 0.032, single self-report: Anht-1: B = 0.28, p = 0.003). The other results of 
the analyses with the mean of parent and self-report were similar to the results of the 
analyses with single self-report.

Table A2.1: Logistic regression model 1 T1-T3, only self-report: Anhedonia as dependent 
variable with wave 1 as reference category

Predictor B SE B 95% CI B OR Z

Intercept -0.99 0.07 [-1.13, -0.87]  -14.71***

Boys  0.14 0.10 [-0.05,  0.33] 1.15      1.43***

SES -0.20 0.05 [-0.29, -0.11] 0.82   -4.45***

Age 13.5 -0.33 0.09 [-0.50, -0.15] 0.72   -3.59***

Age 16.5 -0.52 0.11 [-0.72, -0.31] 0.60  -4.91***

Age 13.5 x Boys -0.00 0.13 [-0.25,  0.25] 0.99  -0.01***

Age 16.5 x Boys  0.31 0.15 [ 0.03,  0.60] 1.37   2.15***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio, SES = socioeconomic 
status  
*p < .05, **p < .01, ***p < .001.
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Table A2.2: Logistic regression model 2 T1- T3, only self-report: Depressed mood as 
dependent variable with wave 1 as reference category

Predictor B SE B 95% CI B OR Z

Intercept -1.01 0.07   [-1.14, -0.87] -14.75***

Boys -0.34 0.10 [-0.54, -0.14] 0.71 -3.28***

SES -0.03 0.05 [-0.12,  0.06] 0.97 -0.57***

Age 13.5  0.26 0.08 [ 0.10,  0.42] 1.30 3.22***

Age 16.5  0.36 0.09 [ 0.18,  0.54] 1.43 3.99***

Age 13.5 x Boys -0.57 0.13 [-0.82, -0.32] 0.57 -4.39***

Age 16.5 x Boys -0.79 0.15 [-1.08, -0.50] 0.45 -5.28***

Note. SE = standard error, CI = confidence interval, OR = Odds Ratio, SES = socioeconomic 
status  
*p < .05, **p < .01, ***p < .001.

Table A2.3: Logistic regression model 3 T1-T3, only self-report: Anhedonia as dependent 
variable with wave 2 as reference category

Predictor B SE B 95% CI B OR Z

Intercept -2.08 0.10 [-2.28, -1.89] -20.99***

Dept  0.96 0.10 [ 0.78,  1.15] 2.62 10.07***

Dept-1  0.29 0.10 [ 0.10,  0.48] 1.33 3.02***

Anht-1  0.89 0.09 [ 0.71,  1.07] 2.43 9.64***

Boys  0.33 0.12 [ 0.11,  0.56] 1.40 2.90***

SES -0.20 0.06 [-0.31, -0.09] 0.82 -3.63***

Age 16.5 -0.23 0.12 [-0.47,  0.01] 0.79 -1.90***

Age 16.5 x Boys  0.43 0.17 [ 0.09,  0.76] 1.53 2.48***

Note.  SE = standard error, CI = confidence interval, OR = Odds Ratio, Dept = depressed 
mood at wave t, Dept-1 = depressed mood at wave t-1,  Anht-1 = anhedonia at wave t-1, SES = 
socioeconomic status  
*p < .05, **p < .01, ***p < .001.
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Table A2.4: Logistic regression model 4 T1-T3, only self-report: Depressed mood as 
dependent variable with wave 2 as reference category

Predictor B SE B 95% CI B OR Z

Intercept -1.40 0.07 [-1.54, -1.27] -20.92***

Anht  0.96 0.10 [ 0.77,  1.15] 2.62 10.04***

Anht-1  0.28 0.10 [ 0.10,  0.47] 1.33 2.98***

Dept-1  1.27 0.09 [ 1.09,  1.46] 3.57 13.58***

Boys -1.05 0.09 [-1.23, -0.87] 0.35 -11.51***

SES -0.03 0.05 [-0.14,  0.07] 0.97 -0.64***

Note.  SE = standard error, CI = confidence interval, OR = Odds Ratio,  Anht = anhedonia at wave 
t,  Anht-1 = anhedonia at wave t-1, Dept-1 = depressed mood at wave t-1, SES = socioeconomic 
status 
*p < .05, **p < .01, ***p < .001.

Table A2.5: Ordinal logistic regression model 1 T1-T3, self-report and parent report: 
Anhedonia as dependent variable with wave 1 as reference category

Predictor B SE B 95% CI B Z

Boys  0.29 0.08 [ 0.13,  0.45] 3.58***

SES -0.21 0.04 [-0.29, -0.13] -5.25***

Age 13.5 -0.23 0.07 [-0.38, -0.09] -3.14***

Age 16.5 -0.33 0.09 [-0.49, -0.16] -3.84***

Age 13.5 x Boys  0.01 0.10 [-0.19,  0.21] 0.11***

Age 16.5 x Boys  0.23 0.12 [-0.01,  0.46] 1.92***

Note. SE = standard error, CI = confidence interval, SES = socioeconomic status  
*p < .05, **p < .01, ***p < .001.
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Table A2.6: Ordinal logistic regression model 2 T1-T3, self-report and parent report: 
Depressed mood as dependent variable with wave 1 as reference category

Predictor B SE B 95% CI B Z

Boys -0.22 0.08 [-0.38, -0.05] -2.57***

SES -0.08 0.04 [-0.16,  0.01] -1.79***

Age 13.5 0.04 0.07 [-0.10,  0.18]  0.55***

Age 16.5 0.14 0.08 [-0.01,  0.29]  1.79***

Age 13.5 x Boys -0.53 0.11 [-0.74, -0.32] -4.98***

Age 16.5 x Boys -0.79 0.13 [-1.04, -0.55] -6.31***

Note. SE = standard error, CI = confidence interval, SES = socioeconomic status  
*p < .05, **p < .01, ***p < .001.

Table A2.7: Ordinal Logistic regression model 3 T1-T3, self-report and parent report: 
Anhedonia as dependent variable with wave 2 as reference category    

Predictor B SE B 95% CI B Z

Dept  1.44 0.12 [ 1.21,  1.66]  12.42***

Dept-1  0.27 0.11 [ 0.05,  0.50]   2.41***

Anht-1  1.62 0.11 [ 1.41,  1.83] 15.21***

Boys  0.44 0.10 [ 0.25,  0.62]   4.58***

SES -0.14 0.04 [-0.23, -0.05]  -3.17***

Age 16.5 -0.10 0.10 [-0.31,  0.10]  -1.00***

Age 16.5 x Boys  0.34 0.14 [ 0.06,  0.62]   2.38***

Note.  SE = standard error, CI = confidence interval, Dept = depressed mood at wave t, Dept-1 = 
depressed mood at wave t-1,  Anht-1 = anhedonia at wave t-1, SES = socioeconomic status  
*p < .05, **p < .01, ***p < .001.
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Table A2.8: Ordinal Logistic regression model 4 T1-T3, self-report and parent report: 
Depressed mood as dependent variable with wave 2 as reference category     

Predictor B SE B 95% CI B Z

Anht 1.36 0.11 [ 1.14,  1.58] 12.14***

Anht-1 0.25 0.12 [ 0.02,  0.48] 2.15***

Dept-1 1.92 0.12 [ 1.69,  2.16] 16.10***

Boys -0.96 0.08 [-1.12, -0.80] -11.91***

SES -0.01 0.05 [-0.10,  0.09] -0.11***

Note.  SE = standard error, CI = confidence interval,  Anht = anhedonia at wave t,  Anht-1 = 
anhedonia at wave t-1, Dept-1 = depressed mood at wave t-1, SES = socioeconomic status 
*p < .05, **p < .01, ***p < .001.
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Chapter 3

Experiencing positive and negative aff ect in 
solo or in concert: Th e role of arousal
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Abstract 

The Dynamic Model of Affect (DMA) postulates that positive affect (PA) and negative 
affect (NA) become more unidimensional, that is more inversely related to each other, 
at stressful moments, because stress narrows attention and enhances quick-and-dirty 
decision making. Studies investigating the DMA use measures of stress that intertwine 
high arousal and unpleasantness, and are therefore unable to examine the unique role 
of high arousal. Employing an Experience Sampling design in which participants were 
measured 5 times a day for 14 days, we examined whether arousal was associated with 
a more unidimensional structure of PA and NA in daily life rather than in artificial lab 
situations. Corresponding to our hypothesis, high momentary arousal was associated 
with a more unidimensional relation between PA and NA within-persons. We did not 
find between-subject effects of arousal, that is, individuals with higher mean scores 
of arousal did not have a stronger inverse relation between PA and NA, illustrating 
that within-subjects effects do not necessarily imply between-subjects effects. Our 
results expand the DMA by showing that PA and NA become more inversely related 
to each other at higher levels of momentary arousal, regardless of unpleasantness, and 
highlight the importance of measuring PA and NA with separate scales rather than a 
unidimensional scale, especially in conditions with low arousal. The differences between 
within-subject effects and between-subject effects of arousal underline the importance 
of examining momentary arousal repeatedly over time rather than using aggregated 
measures of arousal when investigating the structure of PA and NA. 
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Introduction

It is often assumed that a reduction in negative affect (NA) automatically results in an 
increase in positive affect (PA) (Reich & Zautra, 2002). However, the dependency of 
PA and NA is a long existing controversial topic in emotion research (e.g. Russell & 
Carroll, 1999; Schmukle & Egloff, 2009; Tellegen, Watson, & Clark, 1999; Watson et 
al., 1999). While several researchers consider the dimensions of PA and NA as largely 
independent (e.g. Watson & Tellegen, 1985), others challenge this view by showing 
that this independence disappears when random and systematic measurement errors 
are taken into account (e.g. Green, Goldman, & Salovey, 1993). These uni- and 
bidimensional views of PA and NA are not necessarily mutually exclusive. Tellegen and 
colleagues (1999) suggested a hierarchy based on the degree of affective complexity, 
which ranges from differentiated discrete emotions, via a bidimensional structure, to a 
unidimensional structure of PA and NA. 

The Dynamic Model of Affect (DMA) incorporates this hierarchical structure 
by postulating that PA and NA become more unidimensional at stressful moments, 
because stress narrows attention and causes more quick-and-dirty decision making 
in order to regulate negative emotions and to adjust rapidly to the uncertain stressful 
situation (Reich et al., 2003). The cost is that positive cues are neglected (Reich et al., 
2003). Several studies in different populations have supported the DMA by indicating 
that, under high stress, PA and NA are inversely correlated, while a correlation between 
PA and NA is weak in situations with low stress (Davis et al., 2004; Pruchno & Meeks, 
2004; Reich et al., 2003; Zautra et al., 2000). 

Studies investigating the DMA use stress measures that intertwine high arousal 
and unpleasantness (i.e. the number of negative events or the occurrence of a specific 
stressor), and are therefore unable to examine the unique role of high arousal in the 
unidimensional structure of PA and NA. Reich and Zautra (2002) showed the important 
role of arousal in the structure of PA and NA: PA and NA responses to emotional 
pictures became more inversely correlated when the affective states were highly pleasant 
or unpleasant, but only when arousal was high as well, suggesting arousal is key. However, 
this study had low ecological validity and was unable to examine within-person effects 
because average responses to emotional pictures across persons were investigated. Other 
studies investigating the DMA did examine within-person effects in daily life, but did 
not include a separate arousal measure. Therefore, the unique impact of arousal on the 
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within-person structure of PA and NA is currently undetermined. 
While the DMA essentially applies to the structure of PA and NA within persons 

across time, the structure of PA and NA also vary between persons (Rafaeli, Rogers, & 
Revelle, 2007). Between-person differences have been related to coping with stressful 
life events, subjective distress, and psychological resilience (e.g. Coifman, Bonanno, & 
Rafaeli, 2007; Hay & Diehl, 2011; Ong, Bergeman, Bisconti, & Wallace, 2006). In 
addition, anxious patients had a stronger inverse correlation between PA and NA and 
higher levels of arousal than depressed patients (e.g. Watson et al., 1995; Williams et al., 
2004). These findings suggest that between-person differences in the typical structure of 
PA and NA can be partly explained by differences in mean level of arousal, but this has 
not yet been examined empirically. 

Using Experience Sampling Methodology (ESM), this study aimed to clarify within-
person and between-person effects of arousal on the relation between PA and NA. We 
hypothesized that within-person and between-person levels of arousal would predict 
a stronger inverse (i.e. more unidimensional) relation between PA and NA. In other 
words, we expected that high momentary arousal would be positively associated with a 
stronger inverse relation between PA and NA at that moment (within-person relation), 
and that individuals with higher mean scores of arousal would show a stronger inverse 
relation between PA and NA across time (between-person relation). 

Methods

Participants
Of the 589 female students who were invited to participate in this study, which was 
part of a combined ESM-fMRI study on affect dynamics, 268 (45.5%) signed the 
informed consent form and filled out an online screening questionnaire (www.unipark.
de). The screening questionnaire involved inclusion criteria (i.e. female gender, age 
between 18 and 25 years, and Dutch as native language), exclusion criteria (i.e. inability 
to keep an electronic diary five times a day, current psychiatric disorders, and standard 
MRI incompatibility criteria), and the neuroticism and extraversion scale of the NEO 
Five Factory Inventory (NEO-FFI, Hoekstra, Ormel, & De Fruyt, 1996). We used 
the 60th percentile score of the neuroticism scale (score = 31) as selection criterion for 
participation, and randomly selected 50 participants who scored above, and 25 who 
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scored below this criterion. This selection procedure resulted in an approximately 
normal distribution of neuroticism scores. The final sample consisted of 73 students, 
because one participant dropped out of the study after one measurement day and one 
was excluded from the statistical analyses due to a less than 50% compliance rate.

Procedure
ESM measurements were collected by either Personal Digital Assistants (Myin-Germeys 
et al., 2009, n = 32 (43.8%)), or the participants’ smart phones via a web-based 
application (ROQUA, www.roqua.nl, n = 41 (56.2%)). One day before the start of the 
ESM period, participants were instructed individually on how to use the PDA or web-
based application and how to interpret the ESM questions.

The ESM measurement period lasted 14 days in which participants received 
automated auditory signals or web-based generated text messages five times a day to notify 
the occurrence of a new ESM measurement. The exact time points of the measurements 
were adjusted to the participants’ usual daily rhythm, but the measurements were always 
scheduled during waking hours, at fixed time points with 3-hour intervals. To minimize 
memory distortion, we asked the participants to complete the ESM measurements 
as soon as possible after the signal, but at maximum 30 minutes after the signal. All 
participants were paid €30 with a bonus of €20 for those who completed a minimum 
of 63 out of 70 measurements. The average number of completed responses was 64.95 
(92.8%, SD: 3.32).

Measures 
Momentary positive affect (PA) was measured by averaging for a certain time point the 
items ‘cheerful’, ‘energetic’, ‘enthusiastic’, satisfied’, ‘relaxed’, and ‘calm’; and momentary 
negative affect (NA) by averaging the items ‘upset’, ‘irritated’, ‘nervous’, ‘listless’, ‘down’, 
and ‘bored’. Participants rated the items on a scale ranging from 1 (not at all) to 7 
(very). The Cronbach’s alphas of the PA and NA scale (calculated across all time points 
and individuals) were 0.84 and 0.79, respectively, indicating good internal consistency. 
Mean PA and mean NA were calculated by averaging PA or NA across all time points 
for each subject. 

Correlations are commonly used to assess the relationship between two variables 
that have been measured at multiple time points (or in multiple cases). The assessment 
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of the momentary relation between PA and NA at each time point, however, calls for 
a novel approach: we created a dimensionality measure, which indicates how strongly 
unidimensional PA and NA are at a given moment in time by using a combination of the 
sum and the difference scores of PA and NA. More specifically, we converted the original 
PA and NA scores into zPA and zNA scores representing within-person deviation scores 
(i.e. personalized z-scores), and calculated their absolute sum (ABS[zPA+zNA]) and 
absolute difference scores (ABS[zPA-zNA]). A unidimensional relation is characterized 
by an inverse relation between PA and NA, that is high zPA and low zNA or vice versa. 
This is reflected by an absolute sum score that is close to 0, and an absolute difference 
score that is higher than 0; the larger the difference, the stronger the indication of 
unidimensionality. A bidimensional relation is characterized by high zPA and high zNA 
or low zPA and low zNA. In these cases, the absolute sum score is larger than 0, and the 
absolute difference score close to 0. To adjust for the fact that the sum and the difference 
scores reflect a mixture of the intensity and the (uni- or bi-)dimensionality of PA and 
NA, we subtracted the absolute difference score from the absolute sum score. This way, 
a higher dimensionality score indicates a more bidimensional (and less unidimensional) 
relation between PA and NA at a given point in time. For example, a zPA of 2 and zNA 
of 2 results into a dimensionality score of 4 (very bidimensional), and a zPA of 2 and 
zNA of -2 in a dimensionality score of -4 (very unidimensional).

Arousal was measured by the question how activated participants felt at that 
moment. The scale ranged from 1 = not at all activated to 7 = very activated. We created 
a mean arousal and momentary arousal measure. Mean arousal reflects the average level 
of arousal of a subject, calculated across all time points. Momentary arousal reflects the 
level of arousal at a certain time point in relation to the average level of arousal of a 
subject, and was calculated by subtracting the mean arousal score from the momentary 
arousal score (i.e. person-specific mean centering).

Statistical analyses
Multi-level analyses with ML estimation were conducted in M-plus (Muthen & Muthen, 
1998-2010), with the momentary repeated measurements (level 1) nested within 
subjects (level 2). An advantage of multi-level analyses is the possibility to model level 1 
error variance and level 2 error variance simultaneously and to handle different numbers 
of observations for each subject. We included the dimensionality score as dependent 
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variable. To examine whether momentary arousal and mean arousal were associated with 
the dimensionality scores, we included momentary arousal as random predictor (i.e. the 
effect varies randomly within subjects) and mean arousal as fixed predictor, respectively. 
In addition, intercepts were allowed to vary (i.e. random intercept). Significance levels 
(two-tailed) were set at p < .05 for all analyses.

Results

Descriptive statistics
A paired t-test revealed that mean PA (4.51, SD: 0.69) was significantly higher than 
mean NA (1.71, SD: 0.58): Difference score = 2.80, 95% CI: 2.55 to 3.06, t(72) = 
21.99. The mean arousal and dimensionality score were 3.49 (SD: 0.90) and -0.54 (SD: 
0.26), respectively.

Multilevel analyses results
The results of the multilevel analyses are presented in Table 3.1. Momentary 
arousal was negatively associated with the dimensionality score. Please note that the 
dimensionality score reflects the extent of bidimensionality. Hence, high momentary 
arousal was associated with a more unidimensional relation between PA and NA. 
Mean-level differences in arousal between participants did not significantly predict the 
dimensionality score. As can be seen in the lower panel of Table 3.1, the variances of 
the intercept and momentary arousal score were significant, which indicates that the 
participants differed significantly in average levels of dimensionality and in the effect of 
momentary arousal on the momentary relation between PA and NA.
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Discussion

This study provides the first empirical evidence from a naturalistic daily life setting that 
the relationship between PA and NA is dependent on momentary arousal levels. In line 
with our hypothesis, within-subject higher levels of momentary arousal were associated 
with a stronger inverse (i.e. more unidimensional) relation between PA and NA. We did 
not find support for the hypothesis that individuals with higher mean scores of arousal 
showed a stronger inverse relation between PA and NA across time (between-person 
relation), illustrating that within-subjects effects do not necessarily imply between-
subjects effects.

Our findings expand the DMA (Davis et al., 2004; Pruchno & Meeks, 2004; Reich 
et al., 2003; Williams et al., 2004; Zautra et al., 2000) by showing that PA and NA 
become more inversely related to each other at higher levels of momentary arousal, 
regardless of unpleasantness. This finding has important implications. First, it highlights 
the relevance of taking momentary arousal into account when investigating the structure 
of affect. Second, it argues for measuring PA and NA with separate scales rather than 
a unidimensional scale, especially in conditions with low arousal. That is, ratings on 
unidimensional scales such as the affect grid (Russell et al., 1989) may be biased, because 
these scales do not allow participants to concurrently rate high PA and high NA. Third, 
it suggests that if positive and negative events evoke high arousal, these events influence 

Table 3.1: Multilevel model to examine the influence of arousal on the dimensionality 
between positive affect (PA) and negative affect (NA)     

Fixed effects B 95% CI t

Intercept arousal -0.57 [-0.82, -0.33] -4.67***

Mean arousala  0.01 [-0.06,  0.08] 0.28***

Momentary arousalb -0.08 [-0.12, -0.04] -3.73***

Random effects Variance 95% CI z

Intercept 0.05 [ 0.03,  0.07] 4.14***

Momentary arousalb 0.01 [ 0.01,  0.03] 2.50***

Note.  N = 4741 momentary assessments (level 1), 73 participants (level 2)       
aAverage level of arousal of a participant, calculated across all time points  
bArousal score at a certain time point minus the average arousal score of the participant 
*p < .05, **p < .01, ***p < .001.
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PA and NA in concert, whereas if positive or negative events evoke low arousal, these 
events solely influence PA or NA, respectively. Although further research is needed, one 
could contemplate on the significance of this finding for clinical practice. Prevention and 
intervention strategies for depression may, for instance, benefit from a focus on arousal. 
In depressed patients, who typically have high NA or low PA, increasing arousal during 
the experience of positive events might be a beneficial intervention strategy, because 
high arousal may result in a ‘double positive effect’ on well-being, that is a decrease in 
NA in concert with an increase in PA. 

Our study does not elucidate why we found a positive association between arousal 
and unidimensionality of PA and NA. One explanation might be that high arousal is 
accompanied by changes in information processing such as narrowing of attentional 
focus, which could result in a unidimensional structure of affect. However, prior research 
is inconclusive with respect to the influence of arousal and motivational intensity (i.e. a 
concept closely related to arousal) on information processing (e.g. Easterbrook, 1959; 
Gable & Harmon-Jones, 2010; Gable & Harmon-Jones, 2012; Gable & Harmon-Jones, 
2013; Harmon-Jones, Gable, & Price, 2013; van Steenbergen, Band, & Hommel, 2011). 
Furthermore, one cannot simply extrapolate findings from the influence of arousal on 
information processing to our results, because the former results are largely based on 
studies using a physiological measure of arousal, while we focused on perceived arousal. 
Future research is required that directly investigates whether changes in information 
processing mediate the influence of arousal on the unidimensionality of PA and NA by 
including good measures of both perceived and physiological arousal. 

In our study perceived arousal was measured by a single item. Although we are 
aware that single items are more susceptible to random measurement error, we think 
that the use of a single item for arousal did not influence our findings to a great extent. 
We think that our measure was valid because we gave participants detailed instructions 
on the meaning of the concept of arousal and use of the scale. Nonetheless, future 
studies might benefit from including an additional perceived arousal item, such as the 
Self-Assessment Manikin of arousal (Bradley & Lang, 1994). 

Our study was the first that directly tested whether individuals with higher mean 
levels of arousal showed a stronger inverse correlation between PA and NA. Contrary 
to our hypothesis, mean arousal did not explain between-subject differences in the 
structure of PA and NA. Hence, in our healthy female study population, between-
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subject effects of arousal on the structure of PA and NA were different from within-
subject effects of arousal: arousal was only related to the unidimensionality of PA and 
NA at the within-person level. This finding underlines the importance of examining 
momentary arousal and the structure of PA and NA repeatedly over time rather than 
using aggregated measures of arousal when investigating the structure of PA and NA. 
Further research is required to investigate whether these findings generalize to clinical 
populations, males, and groups from different ages and social economic classes. 

To conclude, employing a strong ESM methodology characterized by a long follow-
up period and a high number of measurements per person, we were the first to examine 
the effect of arousal on the relation between PA and NA in the realm of daily life. 
Our results expand the DMA (Davis et al., 2004; Pruchno & Meeks, 2004; Reich 
et al., 2003; Williams et al., 2004; Zautra et al., 2000) by showing that higher levels 
of momentary arousal, regardless of unpleasantness, were associated with a stronger 
inverse relation between PA and NA within-persons. Hence, our findings highlight the 
importance of measuring PA and NA with separate scales rather than a unidimensional 
scale, especially in conditions with low arousal. The absence of between-subject effects of 
arousal illustrates that within-subjects effects do not necessarily imply between-subjects 
effects and underline the importance of examining momentary arousal repeatedly over 
time rather than using aggregated measures of arousal when investigating the structure 
of PA and NA.
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Part 2

The relation between factors that are 
associated with increased risk of depression 

on the one hand, and reactivity to positive and 
negative events on the other hand
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Chapter 4

Life changes and depressive symptoms: Th e 
eff ects of valence and amount of change
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Abstract 

Only few studies have focused on the effects of positive life changes on depression, 
and the ones that did demonstrated inconsistent findings. The aim of the present 
study was to obtain a better understanding of the effect of positive life changes on 
depressive symptoms by decomposing life changes into a valence and an amount of 
change component. Using hierarchical multiple regression, we examined the unique 
effects of valence (pleasantness/ unpleasantness) and amount of change on depressive 
symptoms in 2230 adolescents (Mage: 16.28 years) from the TRAILS study. Adjusted for 
age, gender and pre-event depressive symptoms, the amount of life change was positively 
associated with depressive symptoms. A small excess of positive life changes predicted 
fewer symptoms, but experiencing a large excess of positive life changes did not have any 
additional beneficial effects, rather the opposite. Valence was more strongly associated 
with cognitive-affective than with neurovegetative-somatic symptoms. More positive 
life changes relative to negative life changes can protect against depressive symptoms, yet 
only when the amount of change is limited. This study encourages examination of the 
effects of life changes on specific symptom clusters instead of total numbers of depressive 
symptoms, which is the current standard.
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Introduction

Depression is a highly prevalent disorder, which is expected to rank second in causes 
of disability worldwide by 2020 (Mathers & Loncar, 2006). Research into depression 
underscores the role of life changes in its etiology. A substantial body of research has 
demonstrated that life changes are associated with the onset and course of depressive 
symptoms (e.g. Brilman & Ormel, 2001; de Graaf et al., 2002; Friis et al., 2002; Kessler, 
1997; Ormel & Wohlfarth, 1991; Stroud et al., 2008). It is a challenging task to define 
the objective stressfulness of life changes, since stress is imperceptible, shows a wide intra-
category variance, and can be rated along varying dimensions (Dohrenwend, 2006; Ross 
& Mirowsky, 1979). Two dimensions that have often been used in prior studies are the 
amount of change (Holmes & Rahe, 1967), and its unpleasantness or threat (Brown, 
Harris, & Peto, 1973; Ormel & Wohlfarth, 1991; Paykel, Prusoff, & Uhlenhut, 1971). 

In the late seventies of last century, several studies compared these two dimensions 
of stressfulness with regard to the question which one of the two predicted mental health 
problems best. The results were equivocal. Dohrenwend (1973) and Fontana et al. (1979) 
found that both the total amount of change and unpleasantness predicted psychological 
distress, with the former being a better predictor. In contrast, unpleasantness was more 
strongly correlated with mental health problems than was the amount of change in 
studies of Gersten et al. (1974), Vinokur and Selzer (1975), Ross and Mirowsky (1979) 
and Mueller et al. (1977). Since the publication of these studies, the emphasis has been 
on unpleasant life changes and remarkably little effort has been made to disentangle the 
effects of unpleasantness and amount of change. 

Due to the focus on unpleasantness rather than the total amount of change, research 
on life changes has been characterized by a preponderance of studies on the influence 
of negative life changes on depression. Many life changes are, to some degree, both 
pleasant and unpleasant (Ormel & Wohlfarth, 1991), but for the sake of clarity we will 
refer to a negative life change when the life change is largely unpleasant and to a positive 
life change when the life change is largely pleasant. Seligman, initiator of the positive 
psychology movement (Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001), argued 
for a shift from the negative focus dominating the psychology field towards a more 
positive focus in 1991. His call increased the interest in beneficial influences of positive 
stimuli on mental health somewhat, but still few studies have focused on the effects of 
positive life changes on mental health. The ones that did demonstrated inconsistent 
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findings. Some studies found that positive life changes were associated with increased 
life satisfaction (Lu, 1999) and remission of depression (Gledhill & Garralda, 2011; 
Kessler, 1997; Needles & Abramson, 1990; Oldehinkel et al., 2000), as well as with a 
diminished effect of negative life changes on distress (Reich & Zautra, 1981), depression 
(Cohen & Hoberman, 1983; Dixon & Reid, 2000; Leenstra, Ormel, & Giel, 1995) and 
self-esteem (Cohen et al., 1987). In contrast, other studies revealed no direct association 
between positive life changes and mental health (Needles & Abramson, 1990; Sarason, 
Johnson, & Siegel, 1978), or even an association with increased distress (Brown & 
McGill, 1989; Hirsch, Moos, & Reischl, 1985) and risk of depression (Overbeek et al., 
2010). 

Distinguishing between the valence (i.e. the pleasantness or unpleasantness) of life 
changes and the amount of change could provide an explanation for the inconsistent 
findings with regard to the effect of positive life changes on depressive symptoms. 
Assuming that a pleasant experience generally reduces depressive symptoms, whereas the 
effort required to adjust to (any) change rather tends to increase symptoms (Coddington, 
1972), we propose that two opposite forces are acting in the case of positive life changes. 
Which one of the two dominates will depend on the relative amount of pleasantness 
and amount of change. In case of a negative life change, both the valence and the change 
component act in the same direction (i.e. towards more depressive symptoms), which 
explains why findings regarding negative life changes have been considerably more 
consistent than those regarding positive life changes. Because negative and positive life 
changes often co-occur and interact in depressed individuals (Overbeek et al., 2010), the 
effects of both types of changes should be studied in conjunction, taking into account 
their overall valence and amount of change (Shahar & Priel, 2002).

We hypothesize that the association of both valence and amount of change with 
depressive symptoms is not represented by a straight line, but curvilinear. With regard 
to amount of change, this hypothesis is based on the assumption that amount of change 
is only related to depressive symptoms above a certain threshold and on a study by 
Wildman and Johnsen (1977), who found a curvilinear relationship between amount of 
change and mental health. With regard to valence, we expect depressive symptoms to be 
more strongly related to an excess of unpleasantness (negative valence) than to an excess 
of pleasantness (positive valence) for two reasons. The first reason is that most adolescents 
did not have any, or only few, depressive symptoms, resulting in little variation left to 

Thesis_EliseBennik_final_v4_allchapters.indd   70 01/09/15   19:16:45



Life changes and depressive symptoms: The effects of valence and amount of change 71

4

benefit from a high amount of positive life changes relative to the amount of negative 
life changes (ceiling effect). The second reason is that depressive symptom measures 
cover only the negative part of the continuum ranging from happiness to depression. 

It is generally acknowledged that depression is a heterogeneous disorder, which 
entails different underlying pathologies (Chen, Eaton, Gallo, & Nestadt, 2000; 
Kendler, Eaves, Walters, & Neale, 1996; Ormel & de Jonge, 2011). Neurovegetative-
somatic symptoms (appetite or weight change, sleep problems, psychomotor agitation 
or retardation, fatigue) and cognitive-affective depressive symptoms (depressed mood, 
loss of interest, feeling worthless, guilt, and suicidal ideation) have been found to be 
differentially associated with demographic characteristics, comorbid problems, clinical 
characteristics of the depression, and personality traits (Lux & Kendler, 2010), as well 
as with cardiac autonomic and HPA axis function (Bosch et al., 2009). Moreover, Keller 
et al. (2007) demonstrated that chronic stress was particularly strongly associated with 
symptoms like fatigue and hypersomnia, while loss (death of loved ones and romantic 
breakups) were rather marked by anhedonia, appetite loss, and guilt. Hence, although 
it has, to our knowledge, never been examined directly, it is well conceivable that the 
relative importance of the valence and amount of life change differs among depressive 
symptoms. 

Valence might be especially associated with cognitive-affective symptoms. Cognitive 
diathesis-stress theories of depression postulate that individuals with a negative cognitive 
diathesis tend to make negative inferences about the causes, consequences, and self-
implications of a life change (e.g. Abramson, Metalsky, & Alloy, 1989). Most likely, 
these inferences are based on the valence rather than the amount of life changes. These 
negative inferences are believed to induce hopelessness and, in turn, other cognitive-
affective symptoms (Abramson, Seligman, & Teasdale, 1978). Conversely, the attribution 
of positive life changes to internal, global and stable causes may reduce hopelessness and 
associated cognitive-affective symptoms (Needles & Abramson, 1990). The amount of 
life change, on the other hand, might be more strongly associated with neurovegetative-
somatic symptoms, because every change requires energy. Frequent or persistent 
exposure to situations that require energy (i.e. life changes) may take more energy than is 
easily available and hence lead to lack of energy or disruption of physiological processes 
such as metabolism and diurnal rhythm. This idea was already expressed in 1936 by 
Selye, who postulated that organisms have a generalized defense reaction to adapt to 
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challenging stimuli consisting of three phases: alarm phase, resistance and exhaustion. 
The third phase is only reached when exposure to stressors persists (Selye, 1936). Recent 
chronic stress research in humans underpins this idea (Armon, Shirom, Shapira, & 
Melamed, 2008; Grossi, Perski, Evengård, Blomkvist, & Orth-Gomér, 2003). Thus, 
neurovegetative-somatic depressive symptoms are hypothesized to be more strongly 
associated with the amount of life change than with valence.

The goal of the present article was to disentangle the effects of valence and the 
amount of life change with regard to the development of depressive symptoms. Most 
studies on the unique influences of valence and amount of change on mental health 
were conducted back in the late seventies of the last century, after which this topic 
has been mainly neglected. We gave new impetus to these findings by measuring 
depressive symptoms instead of global mental health, and by using regression analyses 
which allowed us to adjust for multiple confounders (including pre-event depressive 
symptoms) and model curvilinear effects. In addition to a sum score of depressive 
symptoms, we examined the effect of two subdimensions, that is, cognitive-affective and 
neurovegetative-somatic symptoms. We hypothesized that (1) valence and the amount of 
life change are independently associated with subsequent depressive symptoms; (2) the 
association of valence and amount of change with depressive symptoms is curvilinear; 
and (3) valence is associated most strongly with cognitive-affective symptoms, whereas 
amount of change is associated most strongly with neurovegetative-somatic symptoms. 
These hypotheses were examined in a large sample of adolescents (N = 2230) from the 
Dutch TRacking Adolescents’ Individual Lives Survey (TRAILS). Adolescents are an 
interesting study target because they often experience changes in many life domains 
and the incidence of depression rises considerably during this life phase (Kessler et al., 
2001). Disentangling valence and the amount of life change may be a fruitful approach 
to a better understanding of the influence of positive life changes on depression, and to 
further explore the heterogeneity of depressive symptoms.

Methods

Participants and procedure
This study is part of TRAILS, a prospective cohort study of Dutch adolescents. The study 
was approved by the Dutch Central Committee on Research Involving Human Subjects. 
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Data presented in this article are from the second and third wave of TRAILS, which ran 
respectively from September 2003 to December 2004 and September 2005 to August 
2008. The sample selection consisted of two steps. First, 3483 names and addresses 
of all inhabitants born between October 1, 1989 and September 30, 1990 (first two 
municipalities) or October 1, 1990 and September 30, 1991 (last three municipalities), 
were collected at the selected municipalities. Second, primary schools (including schools 
for special education) within these municipalities were simultaneously approached with 
the request to participate in TRAILS. TRAILS staff approached eligible children and 
their parents only when they participated in school. Of the 135 primary schools within 
the municipalities, 122 (90.4% of the schools accommodating 90.3% of the children) 
agreed to participate in the study. Seventy-six percent of the approached adolescents 
(N = 3145) were enrolled in the study (N = 2230, 50.8% girls, Mage = 11.09 years, 
SD = 0.56). All adolescents and their parents gave written informed consent. Detailed 
information about sample characteristics, sample selection and analysis of non-response 
bias has been reported elsewhere (de Winter et al., 2005; Huisman et al., 2008). Of the 
2230 baseline participants, 96.4% (N = 2149, 51.0% girls, Mage = 13.65, SD = 0.53) 
participated in the second wave (T2), which was held two to three years after the first 
wave (T1). At the third wave (T3), which was held two to three years after wave 2, the 
response was 81.4% (N = 1816, 52.3% girls, Mage = 16.27, SD = 0.73).

Measures
Depressive symptoms. Depressive symptoms were assessed by the Youth Self-Report 
(YSR), a self-reported evaluation of the child’s emotional and behavioral problems in 
the past 6 months (Achenbach & Rescorla, 2001). The 13 items of the YSR Affective 
Problems scale (Cronbach’s α = .76, test-retest reliability: r = .79) reflect symptoms 
of a Major Depressive Episode according to the DSM-IV (Achenbach, Dumenci, & 
Rescorla, 2003). Participants were asked to rate the items on a 3-point scale (0 = not 
true, 1 = sometimes or a bit true, 2 = often or very true). The scale score reflects the sum 
score of the individual items (T2: M = 3.57, SD = 3.38, T3: M = 3.81, SD = 3.50). A 
high level of depressive symptoms was defined as a sum score of 7.0 (85th percentile) or 
more, which has been established as a good predictor of clinical depressive episodes in 
adolescents (Aebi, Metzke, & Steinhausen, 2009). Adolescents with a score below 7.0 
were indicated as having low level of depressive symptoms. This cut-off score was also 
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used to define transition groups. For example, adolescents who scored below 7.0 at T2 
and higher than 7.0 at T3, were classified as having moved from low to high levels of 
depressive symptoms. 

Based on our understanding of the constructs measured by the scales and confirmative 
factor analyses, 12 items (the item “I sleep more than most other children” was omitted 
from the scales in order to increase internal consistency) of the Affective Problems Scale 
were divided into two scales, namely neurovegetative-somatic symptoms (less sleep, 
sleeping problems, overtiredness, loss of energy and eating problems) and cognitive-
affective symptoms (anhedonia, depressed mood, crying a lot, feelings of worthlessness, 
feelings of guilt, self-harm and suicide ideation). More details about the construction of 
the scales are described in the article of Bosch et al. (2009). Cronbach’s alphas for the 
neurovegetative-somatic symptoms scale were .64 and .67 and for the cognitive-affective 
symptoms scale .73 and .74 for the T2 data and the T3 data, respectively.

Life changes. Life changes were measured using the Turning Point Questionnaire 
(TPQ), which was specifically developed for TRAILS. Adolescents were asked to indicate 
in which of seven life domains positive or negative changes had occurred in the preceding 
two years. The domains were romantic relationships, friendships, achievements, family, 
peer group, school and religion. School was excluded from the analyses because of a 
low test-retest reliability (κ = .48), and religion because only very few (< 3%) of the 
adolescents reported a life change in this domain. Analyses with inclusion of the school 
domain in the analyses yielded nearly the same results as analyses without changes 
in the school domain except that the effects of amount of change and valence were 
slightly larger than without the life change scores in the school domain. An important 
feature of this list is that it is symmetrical, in that positive and negative life changes are 
assessed with regard to the same domains. With regard to family, for instance, the two 
life changes assessed are ‘There has been a change in your family for the better’ (positive 
life change) and ‘There has been a change in your family for the worse’ (negative life 
change). Please note that the valence and amount of life change scores are not based 
on the actual number of life changes, but on the number of life domains in which the 
adolescent experienced a change in the preceding two years.

The TPQ test-retest reliability across a period of two weeks was examined in a sample 
of 150 adolescents (Mage = 16.57, SD = 0.75, 52.7% boys), who followed pre-university 
(47.3%) or higher general secondary education (52.7%) at two different schools. The 
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test-retest reliabilities (Cohen’s kappa) for the different domains of change ranged from 
.59 to .78. The test-retest correlation (Spearman rho) of the sum scores for positive 
and negative life changes were .81 (p < .01) and .78 (p < .01), respectively (Bennik, 
Oldehinkel & Ormel, unpublished manuscript). 

Based on these sum scores we constructed two measures: (1) the amount of change, 
which refers to the total number of life changes irrespective of valence; and (2) the 
valence of the life changes, which was calculated as the number of domains with positive 
life changes minus the number of domains with negative life changes (i.e. the higher the 
valence, the larger the relative number of positive life changes). We chose a difference 
score of positive life changes minus negative changes instead of a ratio score of positive 
changes divided by negative changes because some adolescents experienced zero negative 
changes, and it is mathematically not possible to divide a number by zero.

The Turning point questionnaire was only administered at T3, covering the period 
between T2 and T3. Therefore only life change measures between T2 and T3 were 
available. Depressive symptoms were measured at T1, T2 and T3, but we only used 
data from T2 and T3 since we were interested in the effect of life changes on depressive 
symptoms at T3, adjusted for the depressive symptoms before the life changes took 
place (at T2).

Statistical analyses
All analyses were performed with SPSS 18.0.3. (SPSS Inc., Chicago). Complete data from 
1532 adolescents were available, while in 31.3% of the 2230 adolescents information 
was partly or wholly missing, presumably at random. We used multiple imputation 
techniques (Fully Conditional Specification and Predictive Mean Matching) to impute 
missing values in any of the included variables. Since Bodner (2008) recommended 
using at least as many imputations as the percentage of missing data, the number of 
imputations was 33. Significance levels (two-tailed) were set at p < .05 for all analyses. 

To test the hypothesis that Valence and Amount of change are independently 
associated with depressive symptoms, we conducted ordinary regression analyses. First, 
we screened data and examined assumptions for regression analyses. The variance inflation 
factor (VIF) was calculated to check for multicollinearity. Since all the VIFs were below 
1.8, there were no indications of multicollinearity. Assumptions of ordinary regression 
analyses were not fully met, but additional analyses with robust regression yielded results 
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that corroborated the ones found with ordinary linear regression results. We chose to 
present the results of the ordinary linear regression analyses in this article because these 
models provided more relevant information (i.e. proportion explained variances and 
betas) than robust regression models. The dependent variable was depressive symptoms 
at T3. The Valence and Amount of change score were entered simultaneously in the 
model, so that we could assess their unique contribution, adjusted for each other. We 
also controlled for T2 depressive symptoms, gender, and age. In a second step, quadratic 
terms of the Valence and Amount of Change scores were included in the model to 
investigate whether there was a curvilinear pattern in addition to the linear pattern. To 
prevent multicollinearity, the quadratic variables were centered (original variable minus 
its mean). 

We have also considered incorporation of positive valence, negative valence, and 
amount of change separately in the models. However, since the total amount of change 
score is a linear combination (i.e. sumscore) of positive and negative changes, adding the 
amount of change score to a model with positive and negative life changes is statistically 
not possible. Hence, the only way to disentangle change and valence in a model with 
both positive and negative changes is to use difference scores. It is important to note that 
no information will be lost with our approach, because the separate effects of positive 
and negative life changes could be derived from the regression coefficients of valence and 
amount of change (B4 valence = B4 pos. changes – neg. changes; B5 amount of change 
= B5 pos. changes + neg. changes).. The regression coefficient of the specific effect of 
positive life changes is B4 valence + B5 amount of change, and the regression coefficient 
of the specific effect of negative life changes is –B4 valence + B5 amount of change. 

We chose to use a difference score for valence and an amount of change score in the 
analyses, because these variables directly test our hypotheses about valence and change 
and are easy to interpret without loss of information of the absolute effects of positive 
and negative life changes. We did not have specific questions or hypotheses about the 
interaction of valence and amount of change and therefore we omitted them from the 
analyses. 

As additional analysis to get closer to clinically meaningful findings, we examined 
whether Valence and Amount of change predicted a transition from low (T2) to 
high (T3) levels of depressive symptoms, or vice versa. This was tested in two logistic 
regression analyses; one involving adolescents with low levels of depressive symptoms 
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at T2, with high versus low T3 symptom levels as outcome variable; and the other 
involving adolescents with high levels of depressive symptoms at T2, with low versus 
high T3 symptom levels as outcome variable.

Finally, ordinary linear regression analyses with neurovegetative-somatic and 
cognitive-affective symptoms, respectively, as dependent variables were performed to 
test whether Valence and Amount of change were differentially associated with different 
symptom clusters. To examine the unique influence of Valence and Amount of life change 
on the different symptom clusters we performed an additional ordinary linear regression 
analysis with the difference between the cognitive-affective and neurovegetative-somatic 
symptom scores as dependent variable. 

Results

Descriptive statistics
Table 4.1 shows the proportions of adolescents experiencing positive and negative life 
changes in each of the five domains. Adolescents reported more positive than negative 
life changes in most domains, except for family. The over report of positive life changes 
for the domains romantic relationship and peer group may be due to the development 
of romantic and adolescent friendship relationships which have not yet ended or not 
ended in an unpleasant manner (13-16 years). 

Descriptive statistics of the variables used in this study are listed in Table 4.2. The 
Valence score and Amount of change score ranged respectively from -3 to 5 and from 0 

Table 4.1: Proportions and standard deviations of experienced life changes subdivided into 
different domains and valence   

Domains life changes Negative life change Positive life change

Proportion (SD) Proportion (SD)

Romantic relationship .13 (.34) .37 (.48)

Friendship .09 (.29) .35 (.48)

Achievement .07 (.26) .44 (.56)

Family .19 (.39) .13 (.33)

Peer group .03 (.17) .32 (.46)
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Table 4.2: Correlations, means and standard deviations among the study variables      

Variable M SD 1 2 3 4 5 6 7 8 9

1. Gender  
(0 = girls,  
1 = boys)

.49 .50

2.  T3 Age 
(years)

16.29 0.72 .01**

3.  T2 depr. 
symptomsa

3.57 3.38 -.17** -.02**

4.  Amount of 
changeb

2.12 1.65 -.08** -.04** .11**

5. Valencec 1.08 1.29 .01** -.07** -.02** .53**

6.  T2 C-a 
symptoms

1.40 1.91 -.17** -.01** .78** .10** -.03**

7.  T2 N-s 
symptoms

2.02 1.94 -.14** -.03** .88** .10** -.02** .46**

8. T3 C-a 
symptoms

1.30 1.90 -.21** -.00** .39** .15** -.10** .42** .29**

9. T3 N-s 
symptoms

2.32 2.06 -.18** .04** .45** .16** -.03** .32** .46** .45**

10.  T3: depr. 
    symptomsa

3.81 3.50 -.21** .04** .50** .18** -.06** .42** .45** .75**  .89**

Note. M = mean; SD = standard deviation, depr. = depressive, C-a = Cognitive-affective symptoms, 
N-s = Neurovegetative-somatic symptoms 
aSum score of total depressive symptoms.  
bAmount of change: sum score of negative and positive life changes.  
cDifference between number of positive life changes and number of negative life changes.  
*p < .05,**p < .01,

to 10. These two life change variables were moderately correlated: the larger the excess 
of positive life changes, the larger the amount of change score. The correlations with 
gender and T2 depressive symptoms were very weak (Amount of change) or negligible 
(Valence).

Change in total depressive symptoms
Adjusted for gender, age, T2 depressive symptoms and each other, both Valence and 
Amount of change were associated with T3 depressive symptoms (see Table 4.3a). 
Valence had a negative effect on depressive symptoms, and uniquely explained 2% of 
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Figure 4.1: Curvilinear effect of valence1 on T3 depressive symptoms

1A negative valence score indicates a higher amount of negative life changes than positive life 
changes, whereas a positive valence score indicates a higher amount of positive life changes 
than negative life changes. For example, a score of 3 means that three more positive life 
changes than negative life changes were reported.

the variance (R 2 change = .020, F = 45.39, p < .001); Amount of change had a positive 
effect on depressive symptoms at T3, and added 3.5% unique explained variance to the 
model (R 2 change = .035, F = 80.64, p < .001). All predictors together explained 32% 
of the variance in T3 depressive symptoms (R 2 = .318). There were no indications that 
Valence predicted T3 depressive symptoms to a greater extent than Amount of change 
or vice versa (deducted from the overlapping confidence intervals). The effect of Valence 
was curvilinear, as indicated by a significant quadratic effect (R 2 change = .007, F = 
8.76, p < .001 and see Table 4.3a), which is illustrated in Figure 4.1: high amounts 
of unpleasantness had stronger effects on depressive symptoms than high amounts of 
pleasantness. The graph reached its nadir at about a Valence score of 3, indicating that 
an excess of more than three positive life change did not have additional beneficial 
effects anymore, rather the opposite. The regression coefficient of the specific effect of 
positive life changes is B4 valence + B5 amount of change = (-0.44) + (0.45) = 0.01, and 
the regression coefficient of the specific effect of negative life changes = –B4 valence + 
B5 amount of change = - (-0.44) + (0.45) = 0.89 (see Table 4.3a).  
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Table 4.3: Multiple regression models predicting T3 Depressive symptoms (3a), T3 
Neurovegetative-somatic symptoms (3b), T3 Cognitive-affective symptoms (3c) from valence 
and amount of change    

Table 4.3a: Dependent variable: T3 depressive symptoms

Predictor Step 1 Step 2

 B β  95% CI* t B β  95% CI* t

T2 depressive 
symptoms

0.51 .49 [ 0.47,  0.55] 23.49*** 0.51 .49 [ 0.46,  0.55] 23.48***

Gender -0.80 -.12 [-1.06, -0.54] -5.97*** -0.79 -.11 [-1.06, -0.53] -5.94***

Age 0.16 .03 [-0.03,  0.36] 1.63*** 0.16 .03 [-0.04,  0.35] 1.56***

Valence -0.44 -.16 [-0.57, -0.31] -6.61*** -0.43 -.16 [-0.56, -0.29] -6.30***

Amount of change 0.45 .21 [ 0.36,  0.55] 9.13*** 0.38 .18 [ 0.27,  0.49]  6.64***

Valence2 0.08 .05 [ 0.01,  0.14] 2.31***

Amount of change2 0.03 .03 [-0.01,  0.06] 1.48***

Table 4.3b: Dependent variable: T3 Neurovegetative-somatic symptoms

Predictor Step 1 Step 2

 B β  95% CI* t B β  95% CI* t

T2 N-s symptoms 0.47 .44 [ 0.43,  0.51] 21.75*** 0.47 .44 [ 0.43,  0.51] 21.68***

Gender -0.38 -.09 [-0.54, -0.21] -4.51*** -0.37 -.09 [-0.54, -0.21] -4.48***

Age 0.14 .05  [ 0.02,  0.26] 2.23*** 0.13 .05 [ 0.01,  0.25] 2.14***

Valence -0.16 -.10 [-0.24, -0.09] -4.15*** -0.15 -.09 [-0.22, -0.07] -3.60***

Amount of change 0.23 .18 [ 0.17,  0.28] 7.38*** 0.17 .14 [ 0.10,  0.24] 4.89***

Valence2 0.04 .04 [-0.00,  0.08] 1.88***

Amount of change2 0.03 .05 [ 0.01,  0.05] 2.37***

Table 4.3c: Dependent variable: T3 Cognitive-affective symptoms

Predictor Step 1 Step 2

 B β  95% CI* t B β  95% CI* t

T2 C-a symptoms 0.45 .45 [ 0.40,  0.49] 19.22*** 0.44 .45 [ 0.40,  0.49] 19.16***

Gender -0.46 -.12 [-0.61, -0.31] -6.00*** -0.46 -.12 [-0.60, -0.31] -5.97***

Age -0.00 -.00 [-0.11,  0.11] -0.04*** -0.00 -.00 [-0.12,  0.11] -0.07***

Valence -0.28 -.19 [-0.36, -0.21] -7.37*** -0.29 -.19 [-0.36, -0.21] -7.25***

Amount of change 0.23 .20 [ 0.18,  0.29] 8.15*** 0.22 .19 [ 0.15,  0.28] 6.56***

Valence2 0.03 .04 [-0.01,  0.07] 1.65***

Amount of change2 -0.00 -.01 [-0.02,  0.02] 0.24***

Note. CI = Confidence Interval, N-s = Neurovegetative-somatic Symptoms, C-a = Cognitive-affective 
symptoms 
*p < .05, **p < .01, ***p < .001.
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Additional transition analyses
Table 4.4 presents the Odds ratios (OR) and corresponding 95% confidence intervals 
(CI’s) for the transition from low (T2) to high (T3) levels of depressive symptoms and 
vice versa. The transition from low to high levels of depressive symptoms was significantly 
predicted by both Valence and Amount of change. Valence decreased the likelihood 
of the transition from low to high levels of depressive symptoms, while Amount of 
change increased its likelihood. The associations of Valence and Amount of change with 
a transition from high to low levels of depressive symptoms was just the other way 
around and about equally strong. The effects of Valence and Amount of change were 
linear rather than nonlinear in this model; the quadratic effects were not significant.

Change in neurovegetative-somatic symptoms and cognitive-affective symptoms
Adjusted for gender, age, T2 neurovegetative-somatic or cognitive-affective symptoms 
and each other, Valence and Amount of change were associated with both neurovegetative-
somatic and cognitive-affective symptoms (see Tables 4.3b and 4.3c, respectively). 
Valence had a negative effect and Amount of change had a positive effect on the two 
symptom dimensions. Valence predicted cognitive-affective symptoms better than 
neurovegetative-somatic symptoms (t = - 3.21, p = .001), while there was no difference 
for amount of change.

Table 4.4: Logistic regression models predicting the likelihoods of transition of depressive 
symptoms    

Predictor From low to higha From high to lowb

OR 95% CI OR 95% CI

Gender 0.31 [0.20, 0.46]*** 1.45 [0.82, 2.56]

Age 1.07 [0.83, 1.39] 0.92 [0.63, 1.34]

Valence (Pos-Neg) 0.69 [0.60, 0.80]*** 1.46 [1.14, 1.87]*

Amount of change 1.40 [1.26, 1.56]*** 0.80 [0.68, 0.93]*

Note.  OR = odds ratio; CI = confidence interval 
aTransition from low to high level of depressive symptoms (increasing versus stable low).  

bTransition from high to low level of depressive symptoms (decreasing versus stable high) 
*p < .05, **p < .01, ***p < .001.
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Discussion

The aim of the present study was to obtain a better understanding of the effect of positive 
life changes on depression by decomposing life changes into a valence and an amount of 
change component. The first hypothesis was that valence and amount of life change are 
independently associated with depressive symptoms. The results are in accordance with 
this expectation. The second hypothesis, that valence and amount of life change would 
demonstrate curvilinear associations with depressive symptoms, was partially supported 
by our data. We found a curvilinear association between valence and depressive 
symptoms, but not between amount of life change and depressive symptoms. Finally, we 
hypothesized that valence would be relatively strongly associated with cognitive-affective 
symptoms and amount of change with neurovegetative-somatic symptoms. Although 
all associations were statistically significant, valence was more strongly associated with 
cognitive-affective than with neurovegetative-somatic symptoms, in accordance with 
the hypothesis. The effects of amount of life change were about equally strong for both 
symptom dimensions.

The findings of the current study commensurate with those of Dohrenwend 
(1973) and Fontana et al. (1979), who notified that both the amount of life change 
and unpleasantness predict mental health problems. They are in contrast with studies 
of Gersten et al. (1974), Langner et al. (1974), Vinokur and Selzer (1975), Ross and 
Mirowsky (1979) and Mueller et al. (1977) indicating that unpleasantness is a better 
predictor of mental health problems than the amount of life change. These inconsistent 
findings may be caused by the use of different measures of (un)pleasantness. Gersten 
et al. (1974), Vinokur and Selzer (1975), Ross and Mirowsky (1979) and Mueller et 
al. (1977) used independent scores of pleasantness and unpleasantness in addition to 
balance scores (the number of pleasant life changes minus the number of unpleasant life 
changes or vice versa), whereas Dohrenwend (1973) and Fontana et al. (1979) only used 
balance scores. The use of balance scores was criticized by Vinokur and Selzer (1975), 
who pointed out that pleasant life changes are not significantly associated with mental 
health problems and cause high error variance in the balance score. As outlined in the 
Introduction of this article, the lack of effects of positive life changes may be due to 
two opposite life change-related forces: pleasantness versus the adjustment required by 
changes. By adjusting the effect of pleasantness (valence) for the influence of amount of 
change and vice versa, we were able to analyze their independent effects on depressive 
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symptoms. Furthermore, by taking into account the total amount of change, two 
persons with the same valence score but with other absolute numbers of positive and 
negative life changes would have different predictive values for depressive symptoms, 
because their scores for amount of change are different.

Although perhaps not immediately evident, our findings are in accordance with 
previous studies suggesting that the (inverse) effects of positive life changes on depressive 
symptoms are small (Needles & Abramson, 1990; Sarason et al., 1978). When 
accounting for amount of change, an excess of positive life changes was associated with 
fewer depressive symptoms. However, the effects were curvilinear and revealed that these 
beneficial effects of positive life changes on depressive symptoms were less strong than 
the detrimental effects of negative life changes. More than three positive life changes 
relative to negative life changes did not have additional beneficial effects anymore, rather 
the opposite.

The effect sizes found in our study were small. Our whole model explained 32 
percent of the variance of T3 depression, with T2 depression accounting for two third of 
this explained variance. Gender, valence and amount of change explained the other one 
third of the variance. Although the proportion explained variance of the quadratic terms 
was small (0.7 percent) and appears of small clinical relevance, adding the quadratic terms 
to the model significantly improved the model which has resulted in our conclusion that 
the effect of valence was rather curvilinear than linear. This proportion is small, because 
it reflects the unique explained variance of the quadratic effects of valence and amount 
of change over and above the linear effects of valence and amount of change.

The hypothesis that valence is more strongly associated with cognitive-affective 
symptoms and amount of life change more strongly with neurovegetative-somatic 
symptoms, was partially confirmed. Contrary to our hypothesis, the amount of 
life change was approximately similar associated with both symptom dimensions. 
Possibly, cognitive-affective symptoms are indirect consequences of neurovegetative-
somatic symptoms. In burnout for example, exhaustion is the core symptom, but it is 
accompanied by cognitive-affective symptoms (Schaufeli & Enzmann, 1988). Since we 
could not determine the exact time points of the life changes and changes in depressive 
symptoms in our study, it is impossible to compare direct and indirect effects of valence 
and amount of life change on symptom clusters. 

Our study has several notable strengths. One important asset is the use of a life 
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changes questionnaire that is symmetrical, in that both positive and negative life changes 
are assessed with regard to the same domains (romantic relationships, friendships, 
achievements, family and peer group), and that the items assessing positive and negative 
life changes only differed with regard to the valence of the life changes. In other words, 
the number of negative life changes and positive life changes assessed were equal in 
this study, while previous studies were often hampered by an underrepresentation of 
positive life changes in their life changes measures (Mueller et al., 1977). Another asset 
is the large sample size compared with most previous studies, which formed an adequate 
representation of the population of Dutch adolescents (de Winter et al., 2005). Finally, 
due to the longitudinal design of the TRAILS study, we were able to adjust for pre-event 
depressive symptoms. 

Several limitations require that the results be interpreted with some caution. First, 
the occurrence of life changes was obtained via self-reports rather than interviewer-based 
measures. Therefore, the relationship between life changes and depressive symptoms 
might be confounded by the mental health state of the adolescent (Monroe, 2008). This 
would lead to an overestimation of the size of the positive association between depressive 
symptoms and negative life changes, and the negative association between depressive 
symptoms and positive life changes. Because we found that experiencing a high number 
of positive life changes was associated with more instead of fewer depressive symptoms, 
we suspect the confounding effect to be limited at the most. A second limitation is the 
observational nature of the study which does not allow clarifying causal relationships 
between life changes and depressive symptoms (Kraemer, Kazdin, Offord, & Kessler, 
1997). Third, the life changes measures involved a simple count of the number of 
domains in which a change occurred, and the changes were not rated with regard to the 
amount of required readjustment (e.g. Holmes & Rahe, 1967). The questionnaire used 
did not allow free responses of the participants to describe which changes took place and 
therefore we did not have specific information about the changes. However, reported 
correlations between the number of life changes and readjustment ratings are high 
(Swearingen & Cohen, 1985), and most studies found that a simple sum score of life 
changes was associated virtually similarly with mental health problems as a life change 
measure based on readjustment ratings (e.g. Gersten et al., 1974; Vinokur & Selzer, 
1975). Since only five domains were measured our life change measures did not cover 
all domains of life changes, but we do think that we have measured the most important 
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domains. Possibly more important is that the valence and amount of life change scores 
are not based on the actual number of life changes, but on the number of life domains 
in which the adolescent experienced a (positive/negative) change. Part of the adolescents 
may have experienced multiple life changes within a domain, which was not reflected 
in the scores. The life change scores used in the present study are therefore presumably 
an underestimation of the actual score. However, it is unlikely that this underestimation 
resulted in a systematic bias. The questionnaire used was designed to measure important 
life changes (potential turning points) rather than more minor life changes, because 
major life changes have been primarily associated with the onset of depression (e.g. 
Monroe & Harkness, 2005). Furthermore, we think our approach to measure the 
number of life domains rather than individual changes also has an important benefit: it 
provides an indication of the (amount of ) areas of stability and instability. 

Another limitation of the current study is that well-known cognitive vulnerability 
factors influencing the association between (positive) life changes and depressive 
symptoms were not incorporated in the analyses, including self-esteem (Cohen, Burt, & 
Bjorck, 1989), neuroticism (Oldehinkel et al., 2000), social support (Jackson & Warren, 
2000), and attributional style (Needles & Abramson, 1990). Therefore, we did not have 
information about whether the associations of valence and amount of change with 
depressive symptoms were mediated or moderated by other factors. Individuals with 
greater cognitive vulnerability may exhibit stronger associations between life changes 
and depressive symptoms, particularly cognitive-affective symptoms.

It may be interesting for future research to examine whether specific positive 
life changes are differentially associated with depressive symptoms. The finding that 
the change component of positive life changes suppresses the beneficial effect of the 
valence component implies another hypothesis in consequence: positive life changes 
which require relatively little adjustment have most beneficial effects since they are 
not overshadowed by the efforts required to adjust to the change. Furthermore, future 
studies should not only investigate the relationship between life changes and depressive 
symptoms, but also the relationship between life changes and happiness.
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Conclusion
The present study demonstrated that amount of life change was associated with more 
depressive symptoms, whereas a certain amount of excess of positive life changes was 
related to less depressive symptoms. However, experiencing a large excess of positive 
life changes did not have any additional beneficial effects, rather the opposite. In other 
words, more positive life changes relative to negative life changes has the potential to 
protect against depressive symptoms, yet only when the amount of change is limited. 
Furthermore, this study encourages examination of the effects of life changes on specific 
symptom clusters instead of total numbers of depressive symptoms, which is the current 
standard.
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Abstract

Although loss of pleasure (i.e. anhedonia) is one of the two core symptoms of depression, 
very little research has examined the relation between depressive symptoms and the 
experience of pleasure in daily life. This study aimed to examine how depressive symptoms 
and anhedonia specifically were related to (1) the proportion and intensity of positive 
events, (2) mean and variability of positive affect (PA), (3) reactivity to positive events, 
and (4) reactivity to PA (i.e. whether PA elicits positive events). We used two Experience 
Sampling studies of early and late adolescents, and measured positive events and PA 
several times a day during 6 to 14 days. Results showed that depressive symptoms were 
related to a lower proportion and intensity of positive events, lower mean PA, and higher 
variability in PA regardless of sex and stage of adolescence. No clear evidence was found 
for differential reactivity to positive events or to PA. Anhedonia was not associated with 
most daily life experiences of pleasure. Our findings suggest that although adolescents 
with many depressive symptoms experience less positive events and lower PA, they are 
able to enjoy pleasurable events to the same extent as individuals with fewer depressive 
symptoms.
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Introduction

Depression is one of the most prevalent mental disorders worldwide (WHO, 2012). 
Adolescence is a critical period in the development of mood disorders, as the prevalence 
of depression increases sharply in the course of adolescence (Hankin et al., 1998). Most 
depression research has focused on negative affect and negative experiences. This seems 
plausible, as according to the DSM-5 one of the two core symptoms of depression is 
depressed mood, and several other symptoms reflect negative emotions or cognitions 
(i.e. feelings of worthlessness, suicidality) (American Psychiatric Association, 2013). 
However, the other core symptom, anhedonia (i.e. loss of pleasure), is also important to 
investigate, because it specifically predicts worse treatment outcome (Spijker, Bijl, De 
Graaf, & Nolen, 2001) and a longer and more severe course of depression (McMakin 
et al., 2012). Further, research showed that anhedonia experienced in adolescence is a 
predictor for Major Depressive Disorder (MDD) during adulthood (Wilcox & Anthony, 
2004). 

Unfortunately, little is known about the relation between depressive symptoms and 
the actual experience of pleasure in daily life. Hence, it remains unclear which aspects of 
daily life pleasure are related to depressive symptoms. These different aspects of pleasure 
can be operationalized as (1) the frequency and intensity of positive events, (2) mean 
levels and variability in positive affect (PA), (3) increases in PA after positive events 
(i.e. reactivity to positive events), and (4) the extent to which PA elicits positive events 
(i.e. reactivity to PA). Knowledge about which of these aspects of pleasure in daily life 
are associated with depressive symptoms may provide important starting points for 
interventions. In the present study, we aimed to examine relations between depressive 
symptoms (measured on a macro-level) and the different aspects of the experience of 
pleasure in daily life (measured on a micro-level). 

Research in adults has shown that depressive symptoms are associated with a lower 
frequency of positive events and lower pleasure levels during these events (i.e. lower 
intensity of events) (Bylsma, Taylor-Clift, & Rottenberg, 2011; Peeters, Nicolson, 
Berkhof, Delespaul, & deVries, 2003), as well as with lower mean levels of PA (Peeters 
et al., 2003; Thompson et al., 2012). In adolescents, depression has also been associated 
with lower mean levels of PA (Forbes, Williamson, Ryan, & Dahl, 2004), and with 
a lower positive affect/negative affect ratio (Silk et al., 2011). However, affect is not 
a stable entity, but fluctuates across time. Results on variability in PA in depressed 
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adults are contradictory: depression has been related to higher general variability in 
PA (Gruber, Kogan, Quoidbach, & Mauss, 2013; Höhn et al., 2013; Kuppens, Van 
Mechelen, Nezlek, Dossche, & Timmermans, 2007), higher inertia in PA (Kuppens, 
Allen, & Sheeber, 2010), or was not associated with variability or inertia (Koval, Pe, 
Meers, & Kuppens, 2013; Pe et al., 2014; Thompson et al., 2012). Studies in adolescents 
have also shown contradictory findings. Whereas one study found that emotional inertia 
(i.e. a lack of moment-to-moment variability) in NA and PA during an interaction task 
with parents predicted the onset of MDD in adolescents two years later (Kuppens et al., 
2012), another found that depressive symptoms in early adolescence predicted higher 
variability in PA, which in turn predicted more depressive symptoms one year later 
(Neumann, Lier, Frijns, Meeus, & Koot, 2011). Hence, both increased and decreased 
variability in PA have been found to relate to depressive symptoms in adolescents. These 
differences in findings may be partly due to how variability is operationalized; some 
studies examined the standard deviation across measurements (i.e. general variability), 
some the auto-correlation between PA at t and PA at t-1 (i.e. inertia), and some the 
mean squared successive difference (i.e. instability; Jahng, Wood, & Trull, 2008; Koval 
et al., 2013; Thompson et al., 2012). Hence, there is a need for studies that include 
multiple measures of variability. 

Next to the occurrence of positive events and PA as such, it is also important to 
investigate their interplay. Positive events are known as important factors that impact 
PA, but research examining the relation between depressive symptoms and reactivity to 
positive events is lacking in adolescents. In adults, one study found evidence for a mood 
brightening effect, in that depressive symptoms were associated with greater increases in 
PA after positive events (Peeters et al., 2003). Other studies did not find differences in 
reactivity between depressed and non-depressed adults (Bylsma et al., 2011; Thompson 
et al., 2012). 

The interplay between positive events and PA may also work the other way around, 
in that PA affects the extent to which positive events are experienced. According to 
positive psychology theories such as the Broaden-and-Build theory (Fredrickson, 2001), 
positive emotions increase openness to experiences and approach behavior. Up to now, 
no studies have investigated whether PA elicits more positive events, and whether this 
process is deficient in individuals with many depressive symptoms. 

Thesis_EliseBennik_final_v4_allchapters.indd   92 01/09/15   19:16:49



Depressive symptoms and experience of pleasure in daily life in early and late adolescence 93

5

Although it seems likely that the core symptom anhedonia is the driving force in 
the relation between depressive symptoms and the experience of pleasure in daily life, to 
our knowledge no studies have examined this hypothesis yet. Therefore, another aim of 
the present study was to examine whether anhedonia would be stronger related to the 
experience of pleasure in daily life than the (more heterogeneous) composite measure of 
depressive symptoms.

In sum, the aim of the present study was to examine relations between depressive 
symptoms and the experience of pleasure in adolescents’ daily life by investigating four 
main research questions. First, we examined whether depressive symptoms were related 
to the proportion and intensity of positive events experienced in daily life. Second, the 
relations between depressive symptoms and mean PA and the three different types of 
PA variability (i.e. general variability, instability, and inertia in PA) were investigated. 
Third, we examined whether depressive symptoms were associated with the reactivity 
to positive events, and fourth, whether depressive symptoms were related to the extent 
to which PA elicited positive events. As the reward system is in full development 
during adolescence (Davey, Yucel, & Allen, 2008), it is possible that the association 
between depressive symptoms and the experience of pleasure alters during this period. 
Therefore, we compared an early adolescent female sample (from now on referred to 
as EA girls) and a late adolescent female sample (from now on referred to as LA girls) 
to examine developmental differences. Further, levels of PA and depressive symptoms 
differ between boys and girls (Hankin & Abramson, 2001; Larson, Moneta, Richards, 
& Wilson, 2002), which is why we compared the early adolescent female sample to 
an early adolescent male sample (from now on referred to as EA boys) to examine sex 
differences. In all three subsamples, the Experience Sampling Method (ESM) was used 
to measure daily life positive events and PA. The main advantages of this method are 
the high ecological validity and low recall bias, as participants report on their emotions 
and events when they experience them, in their natural environment (Myin-Germeys et 
al., 2009). Finally, as it seems likely that specifically the core symptom anhedonia would 
be associated with daily life experiences of pleasure, we examined whether the relations 
between depressive symptoms and the experience of pleasure in daily life are particularly 
driven by this symptom. 
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Methods

Participants 
Early adolescents. The early adolescent sample was recruited through high schools in 
the Eastern part of the Netherlands. In schools that agreed to participate in the study 
(N = 4), all second-year students were sent an information letter to inform them about 
the study. When they were interested in participating, the adolescents and their parents 
had to sign a consent form. A number of 339 adolescents returned the consent form, 
of which n = 36 could not participate in the study due to organizational issues, illness 
or withdrawal of consent. The resulting sample consisted of 303 adolescents (59.1% 
girls), aged between 13 and 16 years (Mage = 14.20, SD = 0.54). In the present study, 
only adolescents who filled out at least one-third of the total number of assessments 
were included (i.e. more than 17 assessments), resulting in a final early adolescent 
sample of 284 adolescents (168 EA girls, 116 EA boys). Of this sample, 23.2% attended 
preparatory secondary school for technical and vocational training, 35.9% attended 
preparatory secondary school for college, and 40.5% attended preparatory secondary 
school for university. The majority of adolescents were born in The Netherlands (97.2%). 

Late adolescents. Dutch female late adolescents (i.e. LA girls) were recruited 
trough advertisements in an electronic learning environment and faculty buildings 
of the University of Groningen and the School for Higher Professional Education in 
Groningen. A number of 589 female students were interested in participating in the 
study and received an information letter. Of this group, 268 students returned the 
informed consent form and completed the online screening survey, which included a 
neuroticism questionnaire (NEO-FFI, Hoekstra et al., 1996). Based on the neuroticism 
scores, 50 participants were selected who scored above the 60th percentile of the sample, 
and 25 participants were selected who scored below the 60th percentile. This selection 
procedure resulted in an approximately normal distribution of neuroticism scores. In 
order to be included, participants had to be female, aged between 18 and 25 years, and 
fluent in Dutch. Exclusion criteria were inability to keep an electronic diary five times 
a day for two weeks, current psychiatric disorders, and standard MRI incompatibility 
criteria.The final sample consisted of 74 females, because one participant dropped out 
after the first measurement day. The mean age of the final sample was 20.91 (SD = 
1.81). Most participants attended university education (87.1%), the other participants 
attended higher professional education (12.9%). 
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Procedure
Early adolescents. The data collection consisted of two parts. First, participants filled 
out an online baseline questionnaire during school hours. Two to eight weeks after 
this baseline questionnaire, participants enrolled in the second part. This second part 
consisted of a 6-day sampling period, during which participants were asked to fill out 
questionnaires 9 times per day, on a smartphone that was provided. The MyExperience 
program (Froehlich, Chen, Consolvo, & Harrison, 2007) was installed on these 
smartphones, which emitted buzzing signals at random time points during 90 minute 
intervals. When adolescents received this signal, they had to fill out the questionnaire 
on the smartphone. When they did not respond, the buzzing signal was repeated after 2 
minutes, with a maximum of three reminders. After this last reminder, the questionnaire 
was not accessible anymore. 

The procedure of the momentary assessments was explained to adolescents in 
an individual introduction session, which took place two to eight weeks after the 
administration of the baseline questionnaire, always one day before the start of the 
sampling period. During this session, the smartphones for the study were provided and 
adolescents were briefed how to use the smartphone. They were instructed to turn on the 
smartphone immediately after waking up in the morning and to turn it off when they 
went to sleep at night. Further, they were instructed to pause their activity when they 
received a signal and fill out the questionnaire immediately. A mobile telephone number 
was provided, which participants could call in case of any problems. The data were 
stored on the smartphones. We were able to check compliance during the study, as a text 
message was sent to the principal investigator whenever a questionnaire was completed. 
When no questionnaires were filled out within two consecutive hours, adolescents 
were called or sent a text message to instruct them to attend to the signals. On the 
final sampling day, adolescents were called to make an appointment for returning the 
smartphones and filling out a final short questionnaire. When adolescents completed at 
least 55% of the momentary assessments, they received an incentive of €20.

Late adolescents. For the ESM data collection, participants could choose whether 
they preferred to use (1) Personal Digital Assistants (PDAs) based on the PsyMate 
technology developed by Maastricht University (Myin-Germeys et al., 2009) (n = 33), 
or (2) a web-based application implemented in software for routine outcome monitoring 
(ROQUA, www.roqua.nl), which could be used on their own smartphone (n = 41). 
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One day before the start of the sampling period, participants were invited for an 
individual introduction session. During this session, they filled out baseline questionnaires 
and received instructions on how to use the PDA or web-based application and how 
to interpret the questions. The sampling period consisted of 14 days, during which 
participants filled out five questionnaires per day, on fixed time-points with 3-hour 
intervals. The time points were adapted to an individuals’ daily rhythm. Programmed 
auditory signals (PDA’s) or web-based generated text messages (web-based application) 
informed participants that they had to fill out a new questionnaire. Participants were 
instructed to complete the questionnaire as soon as possible, at least within 30 minutes 
after the signal. Contact information of the researchers was available in case of any 
problems. Participants were contacted at the end of the first week to check the progress. 
All participants received €30 for participation. Those who completed at least 63 out of 
70 measurements received an additional bonus of €20. 

Materials
Depressive Symptoms. Depressive symptoms were measured with the Symptom 
Checklist (SCL-90; Derogatis & Cleary, 1977) in the LA subsample and with the Brief 
Symptom Inventory (BSI, i.e. the brief SCL-90, adapted for adolescents; Derogatis 
& Melisaratos, 1983) in the EA subsample. As the depressive symptoms subscale of 
the SCL-90 included more items than the subscale of the BSI, we selected only those 
items that were included in both scales. Some items were phrased slightly different for 
adolescents, but the meaning of these items was similar. For both scales, participants 
rated the extent to which they experienced the following items on a 5-point scale (1-5): 
“thoughts of ending your life”, “feeling lonely”, “feeling blue”, “feeling no interest in 
things”, “feeling hopeless about the future”, “feelings of worthlessness”. The item we 
used to measure anhedonia was “feeling no interest in things”. 

Positive affect (PA). PA was measured in all subsamples at each momentary 
assessment with four items: I feel cheerful, relaxed, content, and energetic, which were 
rated on a 7-point scale. Cronbach’s alpha was .77 for EA girls, .74 for EA boys, and 
.80 for LA girls (calculated over all assessments). The variability in PA was measured 
in three ways. For general variability, we calculated the standard deviation of PA over 
all momentary assessments within individuals. For instability, we calculated the mean 
squared successive difference (MSSD) within individuals. This is done by subtracting 
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subsequent PA scores from each other (i.e. difference score), and squaring these scores. 
To avoid evening to morning differences, we excluded difference scores that represented 
mood changes between days. Subsequently, the mean square difference score is 
calculated by summing all squared difference scores and dividing them between the 
total number of assessments minus 1 (i.e. the number of difference scores). Finally, we 
took the square root of the MSSD to correct for the positive skewness (i.e. RMSSD). 
The RMSSD is suggested to be a preferred index for instability, because it has features of 
both variability and temporal dependency (Jahng et al., 2008). For inertia, we analyzed 
the auto-correlation between PA at T-1 and PA at T.

Positive events. At each assessment, participants were asked to report what the 
most important event was since the last assessment. This event was subsequently rated 
on pleasantness on a 7-point scale (-3 = very unpleasant, 0 = neutral, 3 = very pleasant). 
As we focused on positive events only, we recoded the negative scores (i.e. -3, -2, and 
-1) into 0. Hence, a higher score on this variable reflected a more pleasurable event. To 
calculate the proportion of positive events, we counted the number of positive events 
per individual, and divided this by the total number of assessments for that individual. 
Hence, a score close to zero on this variable indicated almost no reports of positive 
events, a score close to 1 indicated that nearly all events flagged as most important were 
positive. 

Time lags. As the time between assessments differed between the EA and LA 
subsamples, we included only those assessments that were filled out between 30 and 
240 minutes after the previous assessment in the analyses that included lagged variables 
(i.e. variables measured at the previous assessment).

Strategy of Analyses
Descriptive statistics were calculated, and differences between subsamples in mean levels 
of depressive feelings, anhedonia, PA, moment-to-moment variability (i.e. RMSSD), 
general variability (mean SD), and the proportion of positive events were tested by 
conducting ANOVAs. Two different types of analyses were used to examine the respective 
research questions. For models that included aggregated measures of momentary 
variables (i.e. proportion of positive events, RMSSD, SD), regression analyses were 
conducted in SPSS. For models that included momentary variables, multilevel analyses 
were conducted in Mplus, as the multiple assessments are nested within individuals 
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(i.e. Level 1 = assessment level, Level 2 = individual level). Multilevel analyses enable to 
examine relations between Level 1 variables (e.g. between positive events and positive 
affect). By including Level 1 predictors in the model as random predictors, it is possible 
to examine whether the relation between Level 1 variables is moderated by individual 
characteristics, in this study depressive symptoms and anhedonia (i.e. cross-level 
interaction). 

With regard to our first research question, we examined relations between depressive 
symptoms and the proportion of positive events by a regression analysis with the 
proportion of positive events as the dependent variable (i.e. the frequency of events), 
and depressive symptoms as independent variable. Subsequently, the relation between 
depressive symptoms and the level of pleasure experienced during positive events (i.e. 
the intensity of events) was examined in a multilevel analysis with the level of pleasure 
experienced during positive events as dependent variable and depressive symptoms as 
independent variable. Second, we investigated the relation between depressive symptoms 
and mean PA and variability in PA. The relation between depressive symptoms and 
the level of PA was examined in a multilevel analysis with PA as dependent variable 
and depressive symptoms as independent variable. The relation between depressive 
symptoms and general variability of positive affect and general instability was examined 
by two regression analyses with the SD and the RMSSD as dependent variables, 
respectively, and depressive symptoms as independent variables. Inertia was examined 
in a multilevel model in which PAT-1 and PAT (i.e. the autocorrelation of PA) were 
included as independent and dependent variable, respectively. We examined whether 
depressive symptoms affected inertia by including the cross-level interaction between 
depressive symptoms and PAT-1. Third, the relation between positive events and PA 
was examined in a multilevel model in which positive events and PAT-1 were included 
as independent variables and PAT as dependent variable. Moderation of depressive 
symptoms was examined by adding the cross-level interaction with positive events. 
Fourth, we investigated the relation between PAT-1 and positive events at T, and whether 
depressive symptoms moderated this relation, again in a multilevel model, with PAT-1 
and the cross-level interaction between PAT-1 and depressive symptoms as independent 
variables and positive events at T as dependent variable. 

To examine whether the relations between depressive symptoms and experience of 
pleasure in daily life were stronger for anhedonia specifically, we performed the same 
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5

analyses but included cross-level interactions with the symptom anhedonia instead of 
cross-level interactions with the composite scale of depressive symptoms. 

For all models, we examined whether the relations differed between EA girls versus 
EA boys (i.e. sex differences), and between EA girls versus LA girls (i.e. age differences). 
This was done by including dummy variables for subsample and subsample by depressive 
symptoms interactions in the regression analyses, and by conducting multi-group 
analyses in the multilevel models. In the multi-group analyses we examined whether 
the model fit (∆χ²) of the multilevel model in which the paths of interest are allowed 
to differ between subsamples was significantly better than the model fit of the model 
in which all paths were constrained to be equal across subsamples. Predictors at the 
individual level (i.e. depressive symptoms and anhedonia) were standardized within 
subsamples and predictors at the assessment level (i.e. PA, positive events) were centered 
within individuals (i.e. person-specific mean centering). Significance levels (two-tailed) 
were set at p < .05 for all models.

Results

Descriptive Statistics
Table 5.1 shows the mean levels of the model variables in the different samples. EA girls 
reported significantly more depressive symptoms and anhedonia than LA girls. Mean 
levels of PA were higher in EA girls, compared to LA girls, whereas the proportion of 
positive events was higher in LA girls compared to EA girls. General variability and 
general instability were higher in EA girls than in LA girls. EA boys had similar levels 
of mean PA, general instability, and a similar proportion of positive events as EA girls. 
General variability and depressive symptoms were higher in EA girls than in EA boys. As 
can be seen in Table 5.2, the variability measures were correlated in all samples. Further, 
higher mean levels of PA were related to lower variability in PA.
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Depressive Symptoms
First, we examined whether depressive symptoms were related to the proportion of 
positive events and the level of pleasure experienced during positive events. Results 
showed that depressive symptoms were related to a lower proportion of positive events 
(B = -.04, SE = .01, p < .001). Depressive symptoms were also related to lower pleasure 
during positive events (B = -.09, SE = .03, p < .01). 

Second, relations between depressive symptoms and PA and variability of PA were 
examined. Depressive symptoms were related to lower levels of PA (B = -.22, SE = .04, 
p < .001). Depressive symptoms were related to higher levels of general variability (i.e. 
SD; B = .04, SE = .01, p < .01) and higher levels of instability (i.e. RMSSD; B = .05, 
SE = .03, p < .01). The auto-correlation between PAT-1 and PAT  was significant (B = .27, 
SE = .02, p < .001). Depressive symptoms did not affect the autocorrelation between 
PAT-1 and PAT (B = -.00, SE = .01, p = .80), indicating no association between depressive 
symptoms and inertia in PA. 

Third, we examined whether depressive symptoms moderated the relation between 
positive events and PA. Positive events were related to PA (B = .15, SE = .01, p < .001). 
The cross-level interaction between depressive symptoms and positive events on PA was 
borderline significant (B = .02, SE = .01, p = .05). This finding indicates that adolescents 
with many depressive symptoms increased more in positive affect when they experienced 
more positive events. 

Finally, the relation between PAT-1 and positive events (T) was investigated. PA was 
positively related to positive events (B = .04, SE = .01, p < .01). Depressive symptoms did 
not moderate the relation between PA and positive events (B = .01, SE = .01, p = .48). 

Anhedonia 
Anhedonia was negatively related to the proportion of positive events (B = -.02, SE = 
.01, p < .05), but not related to the level of pleasure during events (B = -.03, SE = .03, 
p = .30). Anhedonia was not related to PA (B = -.07, SE = .05, p = .13), nor general 
variability in PA (BSD = .02, SE = .02, p = .16), nor instability (BRMSSD = .02, SE = .02, p 
= .38), and did not affect the autocorrelation between PAT-1 and PAT (B = .00, SE = .01, 
p = .81). Anhedonia did not moderate the relation between positive events and PA (B 
= .01, SE = .01, p = .34), and did not moderate the relation between PAT-1 and positive 
events at T (B = .00, SE = .01, p = .89). 
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Age and Sex Differences
For the multilevel models, we only found differences between subsamples for two 
relations (see Table 5.3). Significant differences were found between the subsamples in 
the relation between positive events and PA, in that this relation was stronger for LA 
girls, compared to EA girls (LA girls: B = .32, SE = .02, p < .001; EA girls: B = .11, SE 
= .01, p < .001). EA girls did not differ from EA boys (EA boys: B = .08, SE = .02, p < 
.001). Further, significant differences were found between subsamples in the relation 
between PAT-1 and positive events at T. In EA girls and EA boys, the relation between 
PAT-1 and positive events at T was not significant (EA girls: B = .03, SE = .02, p = .23; EA 
boys: B = -.03, SE = .03, p = .31, respectively), whereas in LA girls high levels of PA at 
the previous assessment predicted more pleasure during events at the current assessment 
(B = .08, SE = .02, p < .001). 

Depressive symptoms. For the aggregated variables, differences between subsamples 
were tested by means of interactions. No age and sex differences were found for the 
relation between depressive symptoms and the proportion of positive events (B = -.02, 
SE = .02, p = .33 for EA boys versus EA girls; B = -.04, SE = .03, p = .11 for LA 
girls versus EA girls), nor for the relation between depressive symptoms and variability 
measures (BSD = .04, SE = .03, p = .22 and BRMSSD = .04, SE = .04, p = .33 for EA boys 
versus EA girls; BSD = -.00, SE = .04, p = .98 and BRMSSD = -.01, SE = .01, p = .82 for LA 
girls versus EA girls). For the multilevel models, no subsample differences were found 
in the relations between depressive symptoms and the different experiences of pleasure 
(see Table 5.3). 

Anhedonia. With regard to the relation between anhedonia and the proportion of 
positive events, significant subsample differences were found (B = -.05, SE = .02, p < 
.05 for EA boys versus EA girls; B = -.07, SE = .03, p < .05 for LA girls versus EA girls). 
As can be seen in Figure 5.1, anhedonia was not related to the proportion of positive 
events in EA girls, whereas in EA boys and LA girls, higher levels of anhedonia predicted 
a lower proportion of positive events. Further, as can be seen in Table 5.3, significant 
differences were found between subsamples in the relation between anhedonia and the 
level of pleasure during events. Significant age differences were present, in that for LA 
girls, higher levels of anhedonia were related to lower levels of pleasure during events, 
whereas for EA girls this relation was not significant. No significant sex differences were 
found between EA girls and EA boys (LA girls: B = -.11, SE = .05, p < .05; EA girls: B = 
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Table 5.3: Results for Chi Square Difference Tests     

Total sample EA girls versus 
EA boys

EA girls versus
LA girls

Δχ² df p Δχ² df p Δχ² df p

1.a DS on intensity pos. 
events

3.18 2 .200

1.b ANH on intensity pos. 
events

8.11 2 < .050 2.75 1 .10 54.45 1 < .001

2.a DS on PA 1.91 2 .380

2.b ANH on PA 5.29 2 .070

2.c PA (T-1) on PA (T) 5.71 2 .060

2.d Moderation DS 0.46 2 .790

2.e Moderation ANH 0.33 2 .840

3.a Pos. events (T)  
       on PA  (T)

160.43 2 < .001 3.23 1 .07 57.30 1 < .001

3.b Moderation DS 1.15 2 .560

3.c Moderation ANH 0.37 2 .830

4.a PA (T-1) on  
       pos. events (T)

31.95 2 < .001 3.25 1 .07 15.50 1 < .001

4.b Moderation DS 0.05 2 .800

4.c Moderation ANH 0.03 2 .990

Note. DS = Depressive symptoms, ANH = anhedonia, PA = positive affect, EA = early adolescent, 
LA = late adolescent, pos. = positive

.05, SE = .03, p = .13; EA boys: B = -.08, SE = .07, p = .21).
No significant subsample differences were found with regard to the general variability 

(BSD = .02, SE = .03, p = .52 for EA girls versus EA boys; BSD = -.03, SE = .04, p = .38 for 
EA girls versus LA girls), the moment-to-moment variability (BRMSSD = .04, SE = .05, p 
= .41 for EA girls versus EA boys; BRMSSD = -.02, SE = .05, p = .63 for EA girls versus LA 
girls) and the other research questions (see Table 5.3).
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Discussion

This study aimed to examine relations between depressive symptoms and experience 
of pleasure in daily life in early and late adolescents. Results showed that depressive 
symptoms were related to a lower mean PA, lower proportion of positive events, lower 
intensity of positive events, and higher general variability in PA regardless of sex and 
stage of adolescence. No clear evidence was found for differential reactivity to positive 
events or to PA (i.e. whether PA elicits positive events). The association between positive 
events and PA was strongest in LA girls, in both directions. Anhedonia did not drive the 
associations between depressive symptoms and momentary experiences of pleasure, as it 
was only related to the proportion of positive events.  

Our findings indicated that individuals with many depressive symptoms 
experienced fewer positive events and less pleasure during these events, which is in line 
with previous research in adults (Bylsma et al., 2011; Peeters et al., 2003; Thompson 
et al., 2012). However, we did not find robust evidence that individuals with many 
depressive symptoms differed in PA reactivity to positive events. Hence, even though 
they experienced less pleasure and PA, their PA levels increased after positive events to 
the same extent as individuals with fewer depressive symptoms. We even found a slight 

Figure 5.1: Relation between anhedonia and proportion of positive events, split per sample

Note. Low anhedonia reflects M – 1SD, high anhedonia reflects M + 1SD
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indication for the mood brightening effect previously reported in adults (Bylsma et al., 
2011; Peeters et al., 2003; Thompson et al., 2012). These findings indicate that the 
ability to increase PA after positive events is not affected by depressive symptoms. 

With regard to the variability in PA, we found that depressive symptoms were 
associated with higher general variability and instability, but not with lower inertia of 
PA. These findings indicate that depressive symptoms are related to a greater range in 
PA levels (i.e. greater SD and MSSD of PA). It may seem contradictive that we did find 
an association with the MSSD but not with the autocorrelation of PA, as they both 
relate to the frequency of shifts. The main difference between these two measures is that 
the autocorrelation takes the mean level of PA into account, and the MSSD does not. 
Hence, a strong negative autocorrelation merely reflects frequent shifts around the mean 
level of PA and a high MSSD indicates frequent and large shifts in PA, irrespective of 
the mean level of PA. The finding that inertia in PA was not associated with depressive 
symptoms thus indicates that depressive symptoms are not associated with more 
fluctuations around the mean level of PA, which is measured by the autocorrelation. 

As we found little evidence for differential reactivity to positive events, it seems 
implausible that the increased variability in PA in individuals with more depressive 
symptoms is caused by different responses to positive events. Since it has been shown 
that adolescents at risk for psychopathology respond more negatively to negative events 
(Schneiders et al., 2006) and that adolescents with many depressive symptoms benefit 
more from being with close others (Brown, Strauman, Barrantes-Vidal, Silvia, & Kwapil, 
2011), depression-related shifts in PA are more likely due to differential reactivity to 
negative events or to enduring characteristics of the social context. 

Our daily life measures of PA and positive events may reflect two different types 
of anhedonic processes. The level of PA during and after positive events may reflect 
consummatory anhedonia, that is, the ability to enjoy a positive event when it happens 
(Treadway & Zald, 2011). The proportion of positive events may be more strongly 
related to motivational anhedonia, which is a lack of motivation or desire to engage 
in pleasurable activities. From this perspective, our findings are inconsistent regarding 
consummatory anhedonia: Depressive symptoms were related to a lower level of 
pleasure during positive events (i.e. intensity of positive events), but not associated with 
the experience of PA in response to positive events. Hence, although adolescents with 
more depressive symptoms experienced lower levels of pleasure during positive events, 
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they responded similarly to these events as their levels of PA increased to the same 
extent as in adolescents with fewer depressive symptoms. A possible explanation for 
these differences in findings with regard to consummatory anhedonia may lie in how we 
measured these two concepts. The intensity of events was asked directly, as participants 
rated how pleasurable the most important event was. Therefore, the negative bias that is 
associated with depressive symptoms may be activated here. For the reactivity to events, 
we created a link between events and PA in the analyses, hence participants themselves 
did not consciously make a link between the events and how they felt. The negative bias 
may thus play less of a role in the assessment of reactivity to events. Further research 
could try to overcome these issues by including a more ‘objective’ measure of events (i.e. 
by having participants describe the most important event, and have these answers rated 
on level of pleasure by independent coders). 

Motivational anhedonia may explain  why we found that individuals with more 
depressive symptoms did not experience as many positive events as individuals with 
fewer depressive symptoms, as they may not go out and participate in pleasurable 
activities. To investigate the role of motivational anhedonia, further research should 
include questions about momentary motivation or drive. 

Age and Sex Differences 
Both age and sex differences were found in the experience of pleasure in daily life. 
First, EA girls showed greater variability in PA than LA girls and EA boys, which may 
indicate that there are sex differences in PA variability in early adolescents, and that 
affect stabilizes in the course of adolescence. Other studies have also found that girls 
are more variable in PA than boys (Larson & Csikszentmihalyi, 1980) and that affect 
stabilizes throughout adolescence, in both boys and girls (Larson et al., 2002). 

Second, the relation between positive events and PA was stronger in LA girls than 
in EA girls. A possible explanation for this finding may be that the timeframe between 
two assessments was different between the two samples. Although the amount of time 
between assessments did not affect the results we found when we controlled for it, it 
could be that the events reported by the LA sample may have been more important, 
because the timeframe was larger and hence there were more opportunities for greater 
events to happen. 

Third, PA at a certain time point elicited more positive events at the next time 
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point in LA girls, but not in EA girls and EA boys. A developmental explanation for 
this age difference could be that young adolescents do not yet have the capacity to elicit 
more positive events when they are high in PA. To our knowledge, no studies have yet 
examined developmental differences in how high levels of PA affect individuals. Further, 
the EA samples could have had less freedom to choose the activities they wanted to do, 
because they spent a great amount of time at school and at home with their parents. 
The older sample consisted mainly of college students who lived on their own (i.e. > 
95%) and did not spend as much time at school as the younger subsamples. Hence, the 
younger samples may have had the same capacity to experience positive events in case of 
high PA as the older one, but not be able to materialize this capacity due to their more 
rigid schedule. 

Finally, our findings seem to indicate that anhedonia is more important for the 
experience of pleasure in daily life later than early in adolescence, as we found that 
anhedonia was related to the proportion of positive events or pleasure levels during 
events in LA girls only. Further research is needed to examine the development of 
anhedonia throughout adolescence.

Limitations
Our study has several limitations. First, although we could examine sex and age 
differences, we did not have a sample of older boys, and hence could not investigate sex 
differences in late adolescence. Further research is needed to examine whether some of 
the differences between EA girls and LA girls are similar for boys. Second, our samples 
consisted of healthy individuals and therefore, the mean scores of depressive symptoms 
were relatively low. To assess potential treatment implications, it is important to examine 
to what extent the associations found in our samples can be generalized to adolescent 
patient samples. 

A third limitation concerns the depression and anhedonia measures used in this study. 
Our depression measure only included cognitive-affective symptoms and no somatic 
symptoms (e.g. fatigue, appetite, sleep abnormalities). Cognitive-affective symptoms are 
expected to be more strongly related to daily life experiences of pleasure than somatic 
symptoms, but this is an untested assumption. Furthermore, a more extensive measure of 
anhedonia is warranted. Our 1-item measure that focused on loss of interest was directly 
related only to the proportion of positive events, which reflects motivational aspects 
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of anhedonia rather than consummatory aspects. Possibly, an anhedonia measure that 
differentiates between aspects such as consummatory and motivational anhedonia will 
reveal more specific associations with daily life experiences of pleasure. The difference 
in findings between anhedonia and depressive symptoms may be explained by the fact 
that the anhedonia measure included only one item, whereas the depressive symptoms 
measure consisted of 6 items. Therefore, the latter measure may be better in explaining 
daily life experiences, as it is likely a more reliable measure with a greater range. 

Fourth, although we used very similar measures in both samples, there were some 
differences in design that may have affected the results. The main difference was that 
the time between assessments was larger in the LA subsample. Controlling for the time 
between assessments did not affect our findings directly, yet it may have impacted the 
importance of the reported events. Related to this, the amount of time between the 
assessment of depressive symptoms and the ESM procedure varied between samples. In 
LA girls, the baseline questionnaire was consistently administered one day prior to the 
ESM. In EA boys and girls, the baseline questionnaire was administered two to eight 
weeks prior to the ESM and so may have changed in the period in between. However, 
our results do not consistently show stronger relations between depressive symptoms 
and ESM measures in LA girls, which suggests that this time difference has not affected 
our results to a great extent.

Conclusion
In conclusion, this study showed that depressive symptoms were associated with a lower 
proportion of positive events and less experienced pleasure during these events in both 
early and late adolescents. Nevertheless, individuals with more depressive symptoms 
equally benefited from positive events as adolescents with less depressive symptoms, 
showing that the capacity to enjoy pleasurable events is not affected. These associations 
were not driven by anhedonia, as anhedonia had little effect on the experience of 
pleasure in daily life. Pending future research on this topic, interventions might focus 
on stimulating positive events in individuals with many depressive symptoms, possibly 
by increasing the motivation to engage in pleasurable activities. 
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Abstract

This study aimed to examine how affect reactivity to hassles was associated with affect 
reactivity to uplifts, and whether neuroticism (facet) scores predicted individual 
differences in the association between affect reactivity to hassles and to uplifts in daily 
life. We used innovative individual affect reactivity profile analyses based on ecological 
momentary assessments (EMA, 5 measurements x 14 days) in 71 young females. We 
found a small positive correlation between affect reactivity to hassles and to uplifts. 
Neuroticism, in particular the depression facet, was significantly associated with high 
affect reactivity to both hassles and uplifts, rather than a selective sensitivity to hassles 
only. Our results underline individual differences in patterns of affect reactivity to uplifts 
and hassles, and their relation to facets of neuroticism. The assessment of affect reactivity 
would benefit from an individual profile approach based on EMA, and a distinction 
between neuroticism facets beyond a heterogeneous total neuroticism score.
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Introduction

High affect reactivity to hassles1 in daily life is known as a risk factor of future affective 
symptoms (O’Neill, Cohen, Tolpin, & Gunthert, 2004; Parris, Cohen, & Laurenceau, 
2011) and major depressive disorder (Wichers et al., 2009), even after 10 years (Charles, 
Piazza, Mogle, Sliwinski, & Almeida, 2013). Still to be determined is whether high affect 
reactivity to daily hassles reflects a generalized sensitivity to environmental influences 
(Aron, Aron, & Jagiellowicz, 2012), and thus co-occurs with high affect reactivity to 
daily uplifts1. If this is the case, then prevention and treatment of affective disorders 
would possibly benefit from a focus on the influence of both uplifts and hassles, which 
has been mainly neglected so far. 

Until now, the association between affect reactivity to hassles and affect reactivity 
to uplifts has received relatively little attention in the literature. This is largely due 
to the popularity of the diathesis-stress theory, which proposes that individuals who 
carry specific behavioral, physiological or genetic vulnerability markers are at increased 
risk of being adversely affected by negative environmental influences (e.g. Monroe & 
Simons, 1991). The impact of positive environmental influences is outside the scope 
of the diathesis-stress theory, and therefore many studies based on this model did not 
assess positive environmental influences and outcomes such as positive affect (Belsky 
& Pluess, 2009). In contrast, the more recently developed differential susceptibility 
theory states that individuals susceptible to negative environmental influences are also 
the ones who most likely benefit from positive environmental influences (Bakermans-
Kranenburg & van IJzendoorn, 2007; Ellis et al., 2011; van IJzendoorn & Bakermans-
Kranenburg, 2012). Support for this theory comes from several studies indicating that 
vulnerable children are highly reactive to both negative and positive environmental 
influences (e.g. Hankin et al., 2011; Li et al., 2013; Pluess, Belsky, Way, & Taylor, 
2010; van IJzendoorn & Bakermans-Kranenburg, 2012). These studies are largely based 
on rather major environmental influences such as disruptive family functioning and 
maltreatment. There is a paucity of ecological momentary studies examining differential 
susceptibility to more minor environmental influences in the realm of daily life (e.g. 
Bylsma et al., 2011; Jacobs et al., 2011; Menne-Lothmann et al., 2012; Peeters et al., 
2010; Thompson et al., 2012). The association between affect reactivity to uplifts and 

1 In this chapter, the terms ‘uplifts’ and ‘hassles’ refer to frequently occurring, minor positive and negative 
events, respectively, not to changes in affect
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affect reactivity to hassles in daily life is a largely unexplored research area, with just a 
few studies that directly investigated this association (Jacobs et al., 2011).

Based on previous studies, three hypotheses can be formulated with regard to the 
association between affect reactivity to uplifts and to hassles. The first, the differential 
susceptibility hypothesis, assumes a positive association: individuals who are sensitive to 
the negative effects of hassles are also sensitive to the positive effects of uplifts. The second 
hypothesis builds on a rich literature on negative and positive cognitive biases (e.g. Chan, 
Goodwin, & Harmer, 2007; Needles & Abramson, 1990). This hypothesis postulates 
that sensitive individuals perceive hassles and uplifts through dark glasses, resulting in 
high affect reactivity to hassles and relatively low affect reactivity to uplifts. Otherwise 
stated, the second hypothesis predicts that affect reactivity to hassles is negatively 
associated with affect reactivity to uplifts. The third hypothesis is that affect reactivity 
to hassles and affect reactivity to uplifts result from different underlying mechanisms 
and are hence unrelated to each other. Support from this hypothesis comes from a study 
conducted by Jacobs et al. (2011), who did not find a direct association between affect 
reactivity to hassles and affect reactivity to uplifts in the general population. 

The above-described hypotheses are based on the implicit assumption that the 
reactivity pattern to hassles and uplifts is the same in all individuals. However, a group 
level association between affect reactivity to hassles and affect reactivity to uplifts does 
not exclude individual differences in affect reactivity to hassles and uplifts. The affect 
reactivity profiles of some individuals might be described best as a better and worse 
profile (i.e. highly reactive to both hassles and uplifts), while other individuals might 
better match with a selective sensitivity profile (i.e. relatively more reactive to hassles or 
to uplifts), or with an unreactive profile (i.e. reactive to neither hassles nor uplifts). Scores 
that reflect how well an individual fits in with a certain reactivity profile may provide 
important information for person-specific prevention and intervention possibilities. 
Therefore, contrary to previous ecological momentary studies, we not only investigated 
the association between affect reactivity to hassles and affect reactivity to uplifts at group 
level, but we also examined individual differences in this association.

An impediment when examining the influence of uplifts on negative affect in non-
depressed individuals is that their negative affect scores are usually low, which restricts the 
possibilities for a reduction in negative affect. Perhaps because of this floor effect, Jacobs 
et al. (2011) investigated the influence of uplifts only on positive affect, not on negative 
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affect. This approach is not fully satisfactory, however, because it ignores the potential 
of uplifts to influence negative affect as well (Zautra et al., 2005). A combined measure 
of positive affect and negative affect would reflect a more comprehensive spectrum of 
emotions and offers more possibilities to change in both directions, regardless of the 
nature of the sample.   

The personality trait neuroticism is often referred to as a high reactivity to hassles 
(Lahey, 2009). There is indeed evidence that individuals high in neuroticism react more 
strongly to hassles (Bolger, 1990; Bolger & Schilling, 1991; Bolger & Zuckerman, 
1995; Gross et al., 1998; Larsen & Ketelaar, 1991; Longua et al., 2009; Marco & 
Suls, 1993; Ng, 2009; Rusting & Larsen, 1997), and perceive hassles through dark 
glasses (e.g. Chan et al., 2007; Gunthert, Cohen, & Armeli, 1999; Suls & Martin, 
2005; Uziel, 2006). These studies seem to suggest that neuroticism is associated with 
a selective sensitivity profile. However, neuroticism has also been associated with 
frequent swings from negative affect to positive affect and vice versa (Bowen, Balbuena, 
Leuschen, & Baetz, 2012; McConville & Cooper, 1999), which could mean that 
neuroticism is associated with a sensitivity to both hassles and uplifts (i.e. a better 
and worse profile). To complicate things further, several other studies failed to find 
an association between neuroticism and affect reactivity to hassles (e.g. David et al., 
1997; Fredrikson & Georgiades, 1992; Jacobs et al., 2011; Schwebel & Suls, 1999), 
and between neuroticism and affect reactivity to uplifts (e.g. David et al., 1997; Gross et 
al., 1998; Jacobs et al., 2011; Ng, 2009; Rusting & Larsen, 1997). A lack of association 
between neuroticism and affect reactivity to hassles or uplifts supports the view that 
people high in neuroticism experience more negative emotions in general, regardless of 
their environment (Gross et al., 1998).  

These inconsistent findings raise doubts about whether neuroticism is a good 
indicator of affect reactivity. A possible reason for this lack of clarity is that neuroticism is 
a notoriously heterogeneous concept with different facets, which could be differentially 
associated with affect reactivity profiles (Ormel et al., 2013). Drawing conclusions about 
whether neuroticism is a good measure of affect reactivity is also difficult because previous 
studies on affect reactivity are hampered by inconsistencies in the operationalization of 
affect, uplifts and hassles. Some studies used ecologically valid assessments of uplifts, 
hassles and affect (e.g. Jacobs et al., 2011), while other studies examined affect reactivity 
in a standardized lab situation (e.g. Larsen & Ketelaar, 1991). In addition, several studies 
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were limited because they did not consider floor and ceiling effects (e.g. Jacobs et al., 
2011), or did not control for the carry-over effect of affect at the previous time point 
(e.g. Jacobs et al., 2011; Ng, 2009), that is autocorrelation of affect, while the size of 
this carry-over effect is dependent on neuroticism (Suls, Green, & Hills, 1998). To take 
the limitations of previous studies into account, we adopted an ecological momentary 
approach, which provides an ecologically valid estimate of the association between affect 
reactivity to hassles and to uplifts in daily life, and used a general affect measure to assure 
possibilities for change in affect in each person at each measurement. Furthermore, we 
controlled for affect at the previous time point, a thus far often neglected, but important 
predictor of affect in reactivity analyses (Koval & Kuppens, 2012).

In short, the aim of the current study was to investigate affect reactivity to daily 
hassles and uplifts in an ecological valid way without strongly relying on retrospection. 
We examined how high affect reactivity to hassles was associated with high affect 
reactivity to uplifts at group level. In addition, we explored whether neuroticism scores 
predicted individual differences in the association between affect reactivity to hassles 
and affect reactivity to uplifts. For each person, we calculated three reactivity profile 
scores, reflecting the relative goodness of fit of a certain profile: (1) unreactive profile 
score (i.e. neither reactive to hassles nor uplifts), (2) better and worse profile score (i.e. 
highly reactive to both hassles and uplifts), and (3) selective sensitivity profile score (i.e. 
relatively more reactive to hassles or to uplifts). If neuroticism reflects sensitivity to hassles 
specifically, then neuroticism will be most strongly related to a high selective sensitivity 
profile score. If neuroticism reflects a generalized sensitivity to the environment, then 
neuroticism will rather be positively related to a better and worse profile and negatively 
related to an unreactive profile.

Methods

Design
This paper is part of a combined Ecological Momentary Assessment (EMA) and functional 
Magnetic Resonance Imaging (fMRI) study, entitled Uncovering the Positive Potential 
of Emotional Reactivity (UPPER), the data collection of which ran from September 
2012 to January 2013. The study consisted of three parts: (1) an introduction session 
in which instructions were given and questionnaires were administered, (2) an EMA 
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study of fourteen consecutive days in which participants responded to questions five 
times a day, and (3) an fMRI session in which two emotional tasks were administered 
in addition to an anatomical scan and a resting state scan. This present study focused 
on data of the EMA study, and therefore a detailed description of the fMRI session is 
omitted. The study was approved by the Medical Ethical Committee of the University 
Medical Center Groningen.

Participants
Participants were recruited via posters in an electronic learning environment and faculty 
buildings of the University of Groningen and School for Higher Professional Education 
in Groningen, the Netherlands. Female students who responded with interest in 
participating in the study (N = 598) were sent an information letter and a consent form. 
Of these students, 268 decided to participate in the study by signing and sending back 
the informed consent form, and filling out an online screening questionnaire (www.
unipark.de).  

The screening questionnaire consisted of questions regarding the inclusion and 
exclusion criteria of the study, and the neuroticism and extraversion scale of the NEO 
Five Factory Inventory (NEO-FFI, Hoekstra et al., 1996). Inclusion criteria were, in 
addition to female gender, age between 18 and 25 years, and Dutch as native language. 
Exclusion criteria were inability to keep an electronic diary five times a day, current 
psychiatric disorders, and standard MRI incompatibility criteria. 

The selection of participants was based on the neuroticism scale of the NEO-
FFI. Since participants with low neuroticism scores are frequently overrepresented in 
samples, fifty participants were randomly selected from those who scored above the 
60th percentile of the sample of 268 students who filled out the NEO-FFI, and 25 from 
those who scored below the 60th percentile. This selection resulted in an approximately 
normal distribution of neuroticism. During a phone call, some obscurities regarding 
the inclusion and exclusion criteria were clarified and extra information was provided 
to the participants. When a participant was not willing to participate anymore or did 
not meet the inclusion and exclusion criteria, she was replaced by a new random draw 
of the sample. Of the 75 included participants, one participant dropped out after one 
measurement day. 
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Procedure
The EMA measurements were acquired through Personal Digital Assistants (PDAs) 
based on the PsyMate technology developed by Maastricht University (Myin-Germeys 
et al., 2009) or through smartphones via a web-based application implemented in 
software for routine outcome monitoring (ROQUA, www.roqua.nl). Forty-four percent 
of the participants chose to use a PDA (n = 31) and 56 percent (n = 40) preferred to 
use the web-based application on their smartphones. During an individual introduction 
session, participants were instructed how to use the PDA or web-based application and 
how to interpret the EMA questions. Technical support was available throughout the 
study.

During waking hours of the 14-day measurement period, participants received 
automated auditory signals or web-based generated text messages five times per day 
with the request to complete the EMA measurement. Measurements were scheduled 
at fixed time points with 3-hours intervals, taking into account the participant’s usual 
daily rhythm. Participants were asked to complete the EMA measurements preferably 
immediately, but at maximum 30 minutes after the signal, to minimize memory 
distortion. At the end of the first week, the participants were contacted by telephone to 
check functionality of the PDA or web-based application and to answer any questions. 
For participating in the EMA part of the study, all participants were paid €30 with 
a bonus of €20 for those participants who completed a minimum of 63 out of 70 
measurements. 

Neuroticism measures
The neuroticism scale of the Dutch version of the Revised NEO Personality Inventory 
(NEO-PI-R, Hoekstra, 1996) was used to measure the total score of neuroticism and 
neuroticism facet scores. The neuroticism scale consists of six facets of eight items, that 
is, anxiety, irritation, depression, embarrassment, impulsivity and vulnerability. Each 
item was scored on a 5-point Likert scale ranging from 1 = strongly disagree to 5 = 
strongly agree. The Dutch version of the NEO-PI-R has shown to be a reliable measure 
(De Fruyt & Mervielde, 1998; Hoekstra et al., 1996). The Cronbach’s alpha for the total 
Neuroticsm score was 0.92. For the different facets, Cronbach’s alpha ranged from 0.71 
to 0.81.
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Affect measures
Momentary affective states were measured by 12 affect items balanced in valence (i.e. 
positive and negative) and arousal (i.e. the degree of activation), which were based on the 
Positive and Negative Affect Schedule (PANAS,  Watson, Clark, & Tellegen, 1988) and 
previous EMA studies (e.g. Bylsma et al., 2011; Nezlek, 2005). We created a positive 
affect scale by averaging the items ‘satisfied’, ‘relaxed’, ‘cheerful’, ‘energetic’, ‘enthusiastic’ 
and ‘calm’, and a negative affect scale by averaging the items ‘upset’, ‘irritated’, ‘listless’, 
‘down’, ‘nervous’ and ‘bored’. Participants were asked to rate the items on a 7-point 
scale ranging from 1 (not at all) to 7 (very). To account for floor effects in negative affect 
(present in 1314 measurements of a total of 4970) in this relatively healthy sample 
and to examine the influence of uplifts and hassles on both positive and negative affect 
instead of solely studying the effect of uplifts on positive affect and hassles on negative 
affect, we created, in addition to a positive affect and negative affect scale, one general 
affect scale score by averaging all 12 affect items. The positive affect items were reversed 
so that a higher affect score reflects more negative affect or less positive affect. This 
general affect score was approximately normally distributed. Importantly, for almost all 
measurements there was room for change (floor effects in only four measurements of a 
total of 4970, within three individuals). The Cronbach’s alpha of the general affect scale 
was 0.86 (calculated across 70 measurements x 71 participants). 

Uplifts and hassles measures
Participants were asked to indicate which of 10 uplifts and 10 hassles had occurred 
in the preceding three hours (1 = yes, 0 = no). The scale score of uplifts reflects the 
number of the following positive items: heard or saw someone else’s joy, felt part of the 
group, laughed or had fun interaction with others, experienced a lucky break, received 
a compliment, did a fun activity, experienced physical pleasure, performed well, did 
something for another person he/she was happy with, another pleasant event. The scale 
score of hassles reflects the sum of the following negative items: heard or saw someone 
else’s misery, felt excluded or ignored, irritation or disagreement or other unpleasant 
interaction with others, had a setback, received negative feedback, did a boring or 
unpleasant activity, suffered physical discomfort, performed poorly, was under (time) 
pressure, another unpleasant event. Participants ticked ‘another pleasant/unpleasant 
event’ only four and two times out of the 70 measurements, respectively. 
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Affect reactivity measures 
In line with Jacobs and colleagues (2011), we created an affect reactivity measure for 
each person by running a linear regression analysis on the 70 measurements within each 
person. Independent variables were general affect at the previous measurement (t-1), 
the number of uplifts, and the number of hassles. A general affect scale assumes that 
affect is a one-dimensional construct. This has been debated by some researchers who 
view positive and negative affect as two largely independent dimensions (Barrett, 1998; 
Stanley & Meyer, 2009). Therefore, we additionally calculated the influence of uplifts 
on positive affect and hassles on negative affect. In the analyses in which we specifically 
examined the influence of uplifts on positive affect, we included positive affect as a 
dependent variable and uplifts as an independent variable, controlling for positive affect 
at t-1 and the number of hassles. The analyses of the effects of hassles on negative affect 
included negative affect as a dependent variable, hassles as an independent variable, and 
negative affect at t-1 and the number of uplifts as control variables. Affect at the previous 
measurement was included as independent variable because we were interested in the 
change in affect and wanted to control for the main cause of autocorrelation between 
the measurements. The remaining autocorrelation between measurements was small, 
and therefore we considered measurements that were six or more hours apart from 
each other as independent. A maximum of 10 measurements per person (14.29 %) was 
missing, presumably at random. Multiple imputation (Fully Conditional Specification 
and Predictive Mean Matching) was used to impute missing values. Since Bodner (2008) 
recommended to use at least as many imputations as the percentage of missing data, we 
set the number of imputations to 15. The results of the 15 imputations were combined 
according to Rubin’s rules (Bodner, 2008). 

For each subject, the unstandardized regression coefficients of uplifts and hassles in 
the regression equation (B_uplifts and B_hassles) were used as measures of individual 
affect reactivity. Hassles always predicted more negative /less positive affect (positive 
coefficients), and uplifts almost always predicted less negative /more positive affect 
(negative coefficients). Only three participants had positive regression coefficients for 
uplifts, namely 0.05, 0.02 and 0.02. We decided to set these three scores to zero in 
further analyses, since the coefficients were close to zero. In the correlation and reactivity 
profile analyses (described below), all negative regression coefficients were converted 
into positive ones for the ease of interpretation. Hence, a higher coefficient reflects a 
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larger influence of uplifts and hassles on affect, regardless of the direction. The analytic 
approach of the analyses in which we examined the influence of uplifts on positive affect 
and hassles on negative affect was similar to the analyses with the general affect score as 
dependent variable.

Individual affect reactivity profile scores
Based on the individual affect reactivity measures B_uplifts and B_hassles, we calculated 
three affect reactivity profile scores for each participant. Each profile score reflected 
the extent to which the participant matched that particular profile. Please note that 
individuals are commonly clustered by means of categorization approaches such as latent 
profile analysis, but these require large sample sizes and therefore, our data required a 
novel approach, based on the combined pattern of B_uplifts and B_hassles. The three 
profiles covered by the profile scores are: (1) unreactive, that is, reactive to neither hassles 
nor uplifts, (2) better and worse, that is, reactive to both hassles and uplifts, and (3) 
selective sensitivity, that is, relatively more reactive to hassles or to uplifts. Prototypical 
unreactivity was defined as both B_uplifts and B_hassles being zero; prototypical better 
or worse as both B_uplifts and B_hassles being high, and selective sensitivity as a greater 
sensitivity to hassles than to uplifts. The profile scores reflect how well, relatively (i.e. 
as compared to the rest of the sample), the above definitions described the individual 
combination of B_uplifs and B_hassles. For the selective sensitivity profile, this means 
that a high score reflects a greater sensitivity to hassles as compared to uplifts; and an 
intermediate score neither of the two. See appendix 6.A for a detailed description of the 
calculations. 

Statistical analysis 
We calculated descriptive statistics and paired t-tests to examine differences between 
study variables. To test the three competing hypotheses, the association between 
reactivity to uplifts and reactivity to hassles was estimated at the group level by means 
of a Pearson product moment correlation. In addition, we calculated Pearson product 
moment correlations between the neuroticism total score and the reactivity profiles. 
After that, we explored whether neuroticism facet scores were associated with individual 
differences in the association between affect reactivity to hassles and affect reactivity to 
uplifts by conducting three linear regression analyses with each of the reactivity profile 
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scores as dependent variables and the six facet scores of neuroticism as independent 
variables. 

All analyses were performed with SPSS 20 (SPSS Inc., Chicago). Significance levels 
(two-tailed) were set at p < .05 for all analyses.

Results

Compliance and Missingness
Compliance with the EMA procedure was good. Three participants completed fewer 
measurements than the a-priori cut-off point for including them in the statistical 
analyses, that is, 60 measurements out of the total of 70 (83%). The mean number of 
completed responses of the remaining 71 participants was 65.34 (93%, SD: 1.95).

Descriptive statistics 
The mean age of the participants was 20.92 years (SD: 1.85 years). Of the participants, 
87.3% attended University education and 12.7% attended Higher Professional 
Education. Descriptive statistics of the study variables are presented in Table 6.1. The 
mean number of reported uplifts, aggregated over the participants’ mean sum scores of 
uplifts across measurements, was significantly higher than the mean number of hassles 
(difference = 1.97, 95% CI [1.69, 2.24], t(70) = 14.16). Participants were significantly 
less reactive to uplifts than to hassles (difference = -0.10, 95% CI [-0.12, -0.08], 
t(70) = -10.11). Hassles significantly predicted affect in 62 participants, while uplifts 
significantly predicted affect in 35 participants.  

Correlations between the study variables are depicted in Table 6.2. Mean affect (with 
a higher score reflecting more negative or less positive affect) was negatively associated 
with the mean number of uplifts and positively with the mean number of hassles. While 
there was a significant correlation between mean affect and affect reactivity to uplifts, 
no significant correlation between mean affect and affect reactivity to hassles was found. 
Affect reactivity to uplifts was positively associated with the mean number of hassles. 

The total neuroticism score was positively correlated with both mean affect and 
affect reactivity to uplifts. The neuroticism facets anxiety and irritation were positively 
associated with affect reactivity to uplifts only, while the facet depression was positively 
associated with affect reactivity to both uplifts and hassles. Due to the relatively large 
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regression coefficients for hassles compared to the coefficients for uplifts, the unreactive 
profile score, which is based on the maximum of the two coefficients, correlated almost 
perfectly with affect reactivity to hassles in negative direction. 

Association between affect reactivity to hassles and affect reactivity to uplifts at 
group level 
Table 6.2 shows a small positive correlation between reactivity to hassles and reactivity 
to uplifts of .23, which was on the border of significance (p = .05). See Figure 6.1 for a 
scatterplot of the association between reactivity to uplifts and reactivity to hassles. 

Table 6.1: Descriptive statistics of the study variables (N = 71 participants)         

Variable Mean SD Minimum Maximum

Mean Affecta 2.64 0.53 1.69 4.83

Mean Upliftsa 3.30 1.12 0.77 7.08

Mean Hasslesa 1.34 0.55 0.36 2.89

Reactivity to Upliftsb -0.08 0.06 -0.29 0.02c

Reactivity to Hasslesb 0.18 0.08 0.02 0.39

Total Neuroticism 133.85 21.02 88.00 179.00

Facet 1: Anxiety 24.35 5.22 12.00 37.00

Facet 2: Irritation 19.23 4.77 10.00 31.00

Facet 3: Depression 22.62 5.33 12.00 35.00

Facet 4: Embarrassment 22.55 5.02 12.00 33.00

Facet 5: Impulsivity 25.01 4.44 17.00 35.00

Facet 6: Vulnerability 20.08 4.56 10.00 30.00

Note. SD = standard deviation, aMean affect/ Uplifts/ Hassles reflect the mean score of affect 
(a higher score reflects more negative affect or less positive affect), sum of uplifts and sum of 
hassles per person, respectively, across the 70 measurements, bAffect reactivity to Uplifts and 
Hassles reflect the unstandardized B coefficients of uplifts and hassles, respectively, as a result of 
separate regression analyses per person across the 70 measurements, with affect as dependent 
variable, controlled for affect at the previous measurement and hassles or uplifts, respectively. 
cOnly three participants responded to uplifts with more negative affect/less positive affect. We 
decided to set these three scores to zero, since the coefficients were close to zero. 
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Individual differences in the association between affect reactivity to hassles and 
affect reactivity to uplifts
The neuroticism total score was negatively associated with the unreactive profile score 
and positively associated with the better and worse profile score (Table 6.2). Table 6.3 
presents the results of three linear regression analyses with the distinct profile scores as 
dependent variables and the different facets of neuroticism as independent variables. 
When the neuroticism facets were adjusted for each other, the depression facet had a 
positive effect on the better and worse profile score, and uniquely explained 10% of the 
variance (R2 change = .10, F(1, 64) = 7.93, p < .01).

Within-domain analyses: the influence of uplifts on positive affect and hassles on 
negative affect
Table 6.B1 and Table 6.B2 in appendix 6.B showed the results of the additional analyses 
in which we examined the influence of uplifts on positive affect and hassles on negative 
affect instead of general affect as outcome variable. The total neuroticism score was 
significantly negatively related to mean positive affect and positively related to mean 
negative affect, but was not significantly related to reactivity to uplifts (i.e. B_uplifts, 
Mean: 0.15, SD: 0.09) and hassles (i.e. B_hassles, Mean: 0.22, SD: 0.12) and the 
reactivity profiles. Only the depression facet of neuroticism was positively associated 
with a better and worse profile and negatively associated with the unreactive profile.
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Table 6.3: Linear regression analyses predicting the unreactive, the better and worse and 
the selective sensitivity profile, respectively, from the neuroticism facet scores 

Dependent variable: Unreactive profilea

Predictor  B  β  95% CI t

Facet 1: Anxiety -0.00 -0.01 [-0.07,  0.06] -0.04

Facet 2: Irritation -0.02 -0.11 [-0.08,  0.04] -0.78

Facet 3: Depression -0.04 -0.24 [-0.11,  0.02] -1.32

Facet 4: Embarrassment -0.03 -0.15 [-0.10,  0.04] -0.88

Facet 5: Impulsivity  0.01  0.02 [-0.05,  0.06]  0.16

Facet 6: Vulnerability  0.03  0.12 [-0.05,  0.10]  0.68

Dependent variable: Better and worse profileb

Predictor  B  β  95% CI t

Facet 1: Anxiety  0.00  0.02 [-0.06,  0.07]  0.14**

Facet 2: Irritation  0.03  0.13 [-0.03,  0.08]  0.94**

Facet 3: Depression  0.09  0.49 [ 0.03,  0.16]     2.82**

Facet 4: Embarrassment -0.03 -0.14 [-0.09,  0.04] -0.86**

Facet 5: Impulsivity -0.03 -0.12 [-0.08,  0.03] -0.99**

Facet 6: Vulnerability -0.03 -0.15 [-0.11,  0.04]  -0.90**

Dependent variable: Selective sensitivity profilec

Predictor  B  β  95% CI t

Facet 1: Anxiety -0.04 -0.19 [-0.10,  0.03] -1.12

Facet 2: Irritation  0.00  0.01 [-0.06,  0.06]  0.07

Facet 3: Depression -0.03 -0.14 [-0.10,  0.04] -0.77

Facet 4: Embarrassment  0.06  0.29 [-0.01,  0.13]  1.71

Facet 5: Impulsivity -0.00 -0.01 [-0.06,  0.06] -0.09

Facet 6: Vulnerability  0.01  0.06 [-0.07,  0.09]  0.35

Note. CI = Confidence Interval 
abcProfile scores reflect relative goodness of fit of a certain profile: (a) neither reactive to hassles 
nor uplifts, (b) highly reactive to both hassles and uplifts, (c) relatively more reactive to hassles or 
to uplifts.   
*p < .05, **p < .01, ***p < .001.
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Discussion

This study aimed to examine whether affect reactivity to hassles is associated with affect 
reactivity to uplifts. The results provided some support for the differential susceptibility 
hypothesis, by revealing a small positive correlation between affect reactivity to hassles 
and uplifts at group level. We also investigated whether neuroticism predicted individual 
differences in the association between affect reactivity to hassles and to uplifts. This 
was the case: neuroticism was significantly positively associated with a better and worse 
profile and negatively associated with an unreactive profile. Remarkably, neuroticism 
facets were differentially associated with affect reactivity to hassles and uplifts, with 
particularly the depression facet predicting a better and worse profile score. 

Concerning the association between affect reactivity to hassles and affect reactivity 
to uplifts at group level, we found a larger association compared to an earlier ecological 
momentary study (r = 0.23, compared to r = -0.05 in the study of Jacobs et al. (2011)). 
An important difference in the operationalization of affect reactivity is that our study 
examined the number of uplifts and hassles, while the study by Jacobs et al. (2011) 

Figure 6.1: Scatterplot of the association between affect reactivity to uplifts and affect 
reactivity to hassles
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focused on the appraisal of the most important event. We believe that measuring the 
number of uplifts and hassles should be the preferred approach, because it induces 
less noise in the operationalization of affect reactivity. A first potential source of noise 
and a general problem of affect reactivity studies in daily life is that uplifts/hassles 
and affect are measured at the same time. This leaves the direction of the association 
between uplifts/ hassles and affect unknown, especially because affect has been shown 
to influence the appraisal of uplifts and hassles (Nezlek, Vansteelandt, Van Mechelen, 
& Kuppens, 2008). Therefore, differences in affect reactivity to uplifts/ hassles between 
individuals may partly reflect differences in the activation of appraisal tendencies instead 
of differences in the influence of uplifts/ hassles on affect. This problem is probably more 
salient when appraisal scores of the most important event are used than when the number 
of events is measured, especially because we noticed that our study participants found 
it difficult to reflect on their most important event. A second potential source of noise 
in the operationalization of affect reactivity, is a limited variation in scores of events. In 
the study of Jacobs et al. (2011) the variation in scores of events was small, because a 
3-point scale was used. Thirdly, noise in the operationalization of affect reactivity will 
occur when the event measure does not cover all occurring events or important aspects 
of events. In the study of Jacobs et al. (2011), the event measure was only a reflection 
of the most important event and this study did not control for other hassles or uplifts. 
In contrast, our measure of uplifts and hassles covered a broad range of positive and 
negative events. A disadvantage of our approach is that we did not take into account 
how pleasant or unpleasant each uplift and hassle was, while the intensity is suggested to 
play a role in the relation between uplifts or hassles and affect, especially for the relation 
between affect and uplifts (Zautra et al., 2005). In future research the predicted value of 
uplifts and hassles on affect could be enhanced by a measure of uplifts and hassles based 
on both the number, as well as a rating of the degree of (un)pleasantness and importance 
for each uplift and hassle. 

Our results provided some support for the differential susceptibility hypothesis, 
although the association between affect reactivity to hassles and affect reactivity to uplifts 
at group level was small. One explanation for the low correlation is the distribution of 
the reactivity profiles within our sample. About half of the participants fitted best into a 
better and worse profile, while the other half fitted best into a selective sensitivity profile 
with a stronger reaction to hassles compared to uplifts. Because hassles significantly 
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predicted affect in the majority of participants, only few participants fitted best into 
an unreactive profile. Our findings underline the presence of individual differences in 
sensitivity to hassles and uplifts and encourage individual reactivity profile analyses. 

Based on individual reactivity profile analyses, we found that the total neuroticism 
score was associated with a better and worse profile, reflecting high affect reactivity to 
both hassles and uplifts. This effect was mostly driven by the depression facet. In the 
analyses with positive affect and negative affect as outcome instead of general affect, 
we found that only the depression facet was related to a better and worse profile. It 
is important to note that items measuring the depression facet of neuroticism are not 
reflective of the whole domain of depressive symptoms, but particularly of the cognitive 
affective symptoms, that is, sadness, loneliness, feelings of guilt and worthlessness, 
helplessness, self-blame and low self-esteem. The depression facet of neuroticism 
score was also negatively associated with the mean number of uplifts and positively 
associated with the mean number of hassles. In addition, we found that a higher score 
on the depression facet was related to more negative affect/less positive affect across 
the measurement period. Intuitively, it makes sense that in individuals with a relative 
low mood and in an environment with a relative paucity of uplifts, uplifts exert greater 
influences on affect when they do occur than in a more positive environment. It is likely 
that the combination of a low number of uplifts, high number of hassles and a relative 
low mood contributes to a better and worse profile in individuals scoring high on the 
depression facet of neuroticism. In addition, it is possible that an unstable self-worth 
underlies high affect reactivity to both uplifts and hassles (Bylsma et al., 2011; Nezlek 
& Plesko, 2001), and that affect reactivity is associated with self-esteem reactivity. In 
individuals high in neuroticism, hassles have been reported to have a large influence on 
self-esteem (Denissen & Penke, 2008), and individuals with depressive symptoms have 
shown an increase in self-esteem after uplifts (Butler, Hokanson, & Flynn, 1994; Nezlek 
& Plesko, 2001). Future research is needed to unravel the relation between fluctuations 
in self-esteem and mood. 

The finding that the depression facet of neuroticism was associated with high affective 
reactivity to both uplifts and hassles might have important implications. High reactivity 
to daily hassles is known as harmful, because it is an important risk factor for affective 
disorders (Charles et al., 2013; O’Neill et al., 2004; Parrish et al., 2009). High reactivity 
to daily uplifts could potentially be beneficial. In patients with a current depression, 
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high affect reactivity to uplifts was associated with lower depressive symptom severity 
(Peeters et al., 2010), and in a healthy population high reactivity to uplifts might also 
be beneficial. The other side of the coin is that reactivity to uplifts could, for example, 
result in exhaustion in the long run, as a consequence of persistent exposure to changes 
in affect and activation of underlying emotional systems. Bowen et al. (2012) found that 
mood instability, measured with items such as ‘mood goes up and down’, was indeed a 
predictor of worse mental health. The effect of uplifts on positive affect might be just 
temporary, and followed quickly by a return to baseline levels of affect, which is more 
negative in individuals high in neuroticism. It has been found that depressed individuals 
showed an inability to sustain positive affect (McMakin, Santiago, & Shirk, 2009) and 
that greater maintenance of positive affect protected against depressive symptoms later in 
time (Höhn et al., 2013). Future research is warranted to investigate how long the mood 
enhancing effect of uplifts sustains, whether this effect is dependent on neuroticism, and 
whether individuals with a better and worse profile are more or less likely to develop 
depression later in time.

We also investigated whether total neuroticism and neuroticism facets were 
associated with affect reactivity to hassles and affect reactivity to uplifts at group level. 
Except for the depression facet of neuroticism, all facets of neuroticism and the total 
neuroticism score were not significantly associated with affect reactivity to hassles. This 
is in line with previous studies that did not find an association between neuroticism and 
reactivity to hassles at the autonomic level (Fredrikson & Georgiades, 1992; Schwebel 
& Suls, 1999) or between neuroticism and affect reactivity to hassles in daily life (e.g. 
David et al., 1997; Jacobs et al., 2011). Studies that did show a significant association 
between neuroticism and affect reactivity to hassles in daily life (e.g. Bolger, 1990; 
Bolger & Schilling, 1991; Bolger & Zuckerman, 1995; Longua et al., 2009) are largely 
based on measurements once a day, which are more susceptible to recollection biases 
and errors than studies with more frequent assessments. In addition, studies based on 
one measurement per day examined relatively long-term effects of uplifts and hassles 
on affect, rather than short-term effects. For that reason, the high affect reactivity to 
hassles in individuals high in neuroticism found in these studies might not reflect initial 
affective responses to hassles, but rather maladaptive coping (Gunthert et al., 1999) and 
disturbances in affect regulation (Servaas et al., 2013) after the occurrence of hassles, 
possibly resulting in sustained negative affect (Verduyn & Brans, 2012). In contrast to 
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affect reactivity to hassles, affect reactivity to uplifts was significantly associated with 
the total neuroticism score and most neuroticism facets. The additional analyses, in 
which we used positive and negative affect as outcome variables instead of general 
affect, only revealed a significant relation between the depression facet and reactivity 
to uplifts. This is in accordance with results of previous ecological momentary studies, 
in which depressed individuals reported greater affect changes following uplifts than 
control subjects (Bylsma et al., 2011; Thompson et al., 2012). Our findings highlight 
the importance to investigate affect reactivity to both uplifts and hassles.

Several studies only investigated the effects of uplifts on positive affect and hassles on 
negative affect. These within-domain relations have been found to be larger than cross-
domain relations, that is the effect of uplifts on negative affect and the effect of hassles 
on positive affect (Zautra et al., 2005). Although cross-domain relations may be weaker 
than within-domain relations, they are not necessarily less important; it is possible that 
they show unique interactions with neuroticism and depression. Bylsma and colleagues 
(2011) found, for example, that depression is associated with the influence of uplifts on 
negative affect, but not with the influence of uplifts on positive affect. One strength of 
our approach is that we examined both within-domain and cross-domain relations by 
using a combined measure of positive and negative affect, as well as separate measures 
of positive and negative affect. The relations between neuroticism and affect reactivity 
measures were weaker in the domain-specific analyses. 

There are some limitations of the current study that deserve attention, and suggest 
directions for future research. First, we investigated only females, because females 
score higher on neuroticism on average (Lippa, 2010) and also have a higher risk for 
developing affective disorders than males (Parker & Brotchie, 2010). Additionally, the 
study focused exclusively on healthy young individuals with an above average educational 
level. Therefore, our findings may not generalize to males, older people, individuals with 
(below) average educational levels and clinical populations. Second, events and affect are 
derived from self-report measures, which might have influenced our results. However, 
ecological momentary self-reports are less biased than traditional self-reports (Conner 
& Barrett, 2012). To our opinion, ambulatory self-reports are the only ecological valid 
way to measure events and affect five times a day. Third, although ecological momentary 
studies are a gold standard in terms of “capturing the film rather than a snapshot of daily 
reality” (Myin-Germeys et al., 2009, p. 1539), they still only capture a short period of 
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the life of a participant. It is not clear yet how stable the reactivity measures are over 
time and whether the reactivity measures reflect trait or state characteristics. Fourth, 
we did not measure affect immediately after the occurrence of a hassle or uplift. In 
the most extreme case, uplifts/hassles are measured three hours apart from affect. This 
may have resulted in an underestimation of the affect reactivity coefficients, especially 
for affect states known for a rapid onset and short duration. On the other hand, most 
previous studies examined uplifts and hassles only once a day. Finally, the effects found 
in our study were small, and the neuroticism scores only partly explained the different 
reactivity profiles. Future research will benefit from including other factors that have 
previously been shown to be associated with reactivity profiles, such as the 5-HTTLPR 
polymorphism (e.g. Pluess et al., 2010) and other personality characteristics such as 
extraversion (e.g. David et al., 1997; Howell & Rodzon, 2011; Timmermans et al., 
2009) and effortful control (e.g. Bridgett, Oddi, Laake, Murdock, & Bachmann, 2013). 
Additionally, it should be noted that the analyses with the neuroticism facets were 
exploratory and not corrected for multiple testing. More research examining the relation 
between specific neuroticism facets and affect reactivity is needed. 

Taken together, by repeated measurements of affect and the occurrence of specific 
uplifts and hassles in daily life five times a day, our study contained the perfect ingredients 
to examine the association between affect reactivity to uplifts and affect reactivity to 
hassles in daily life. We found a small positive correlation between reactivity to hassles 
and to uplifts. Another finding was that neuroticism, in particular the depression facet, 
predicted high reactivity to both uplifts and hassles, rather than a selective sensitivity 
to negative events only. Our results underline the presence of individual differences in 
reactivity to hassles and uplifts and encourage individual profile analyses investigating 
the extent to which an individual is reactive to both uplifts and hassles. Future research 
on the relation between affect reactivity and personality would benefit from (1) an 
individual profile approach based on ecological momentary assessments, and (2) a 
distinction between neuroticism facets beyond a heterogeneous total neuroticism score.
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Appendix 6.A: Calculation of affect reactivity profile scores

This appendix describes the calculation of the affect reactivity profile scores. The 
calculations were based on two within-person regression coefficients:
B_hassles = unstandardized regression coefficient of the effect of hassles on affect
B_uplifts = absolute unstandardized regression coefficient of the effect of uplifts on 
affecta

Please note that each profile score was constructed in such a way that a high score 
indicated a good match with the profile, relative to the rest of the sample. 

A6.1 Unreactive profile score 
Maximum unreactivity was defined as B_uplifts = 0 and B_hassles = 0. To assess the 
degree of unreactivity we calculated, for each person, the standardized (sample-based) 
maximumb reactivity score: Z[maximum (B_hassles, B_uplifts)], which was reversed 
(i.e. multiplied by -1) to create the final score.

A6.2 Better and worse profile score 
Maximum better or worse reactivity was defined as having the highest possible (within 
the sample) total reactivity score (i.e. 0.58c), with B_uplifts being equal to B_hassles. 
The profile score represents the proximity to that profile. The calculation involved a 
number of steps. For each person we calculated: (A) the total reactivity score: (B_uplifts 
+ B_hassles), (B) the difference with the maximum total reactivity score in the sample 
0.58c – A), (C) the absolute effect difference between uplifts and hassles (|B_uplifts – 
B_hassles|), and (D) the distance to maximum total reactivity score and difference score 
= 0, based on the Pythagorean theorem (√[B2 + C2]). See Figure A6.1 for a graphical 
representation. The score was standardized (sample-based) and reversed (multiplied by 
-1) to calculate the final profile score.

a Uplifts were negatively related to the general affect score (i.e. more negative affect or less positive affect). 
We converted these negative regression coefficients of uplifts into positive coefficients. Hence, a higher 
coefficient reflects a larger influence of uplifts on affect, regardless of the direction.

b We used the maximum (instead of the sum) of the two unstandardized coefficients, because we felt that 
someone who reacts moderately to both uplifts and hassles better matches an unreactive profile than 
someone who reacts hardly to uplifts but strongly to hassles or vice versa. 

c This score is based on the reactivity analyses with general affect as dependent variable. The maximum 
reactivity score in the within-domain reactivity analyses (i.e. the influence of uplifts on positive affect and 
hassles on negative affect) was 0.82.

Thesis_EliseBennik_final_v4_allchapters.indd   133 01/09/15   19:16:53



Chapter 6134

A6.3 Selective sensitivity profile score
Maximum selective sensitivity was defined as having the highest possible (within the 
sample) difference between B_hassles and B_uplifts, that is, 0.33d. The profile score 
represents the proximity to that profile. For each person we subtracted B_uplifts from 
B_hassles, and calculated the distance to the maximum difference score in the sample: 
0.33d – (B_hassles – B_uplifts). The score was standardized (sample-based) and reversed 
(multiplied by -1) to construct the final profile score.

Figure A6.1: Calculation of Better and Worse profile score

d This score is based on the reactivity analyses with general affect as dependent variable. The highest possible 
difference score between B_hassles and B_uplifts in the within-domain reactivity analyses (i.e. the 
influence of uplifts on positive affect and hassles on negative affect) was 0.34.
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Table 6.B.2: Linear regression analyses predicting the unreactive, the better and worse and 
the selective sensitivity profile, respectively, from the neuroticism facet scores

Dependent variable: Unreactive profilea

Predictor B  β  95% CI* t

Facet 1: Anxiety -0.00 -0.01 [-0.07,  0.06] -0.08

Facet 2: Irritation -0.01 -0.04 [-0.07,  0.05] -0.28

Facet 3: Depression -0.05 -0.26 [-0.12,  0.02] -1.41

Facet 4: Embarrassment -0.01 -0.03 [-0.08,  0.06] -0.20

Facet 5: Impulsivity  0.01  0.05 [-0.05,  0.07]  0.39

Facet 6: Vulnerability  0.02  0.09 [-0.06,  0.10]  0.50

Dependent variable: Better and worse profileb

Predictor B  β  95% CI* t

Facet 1: Anxiety -0.02 -0.09 [-0.08,  0.05] -0.55

Facet 2: Irritation  0.02  0.07 [-0.04,  0.07]  0.50

Facet 3: Depression  0.08  0.41 [ 0.01,  0.14]   2.27*

Facet 4: Embarrassment -0.02 -0.09 [-0.08,  0.05] -0.52

Facet 5: Impulsivity -0.02 -0.07 [-0.07,  0.04] -0.54

Facet 6: Vulnerability -0.03 -0.12 [-0.10,  0.05] -0.65 

Dependent variable: Selective sensitivity profilec

Predictor B  β  95% CI* t

Facet 1: Anxiety  0.00  0.02 [-0.06,  0.07]  0.10

Facet 2: Irritation  0.03  0.12 [-0.04,  0.09]  0.81

Facet 3: Depression -0.03 -0.16 [-0.10,  0.04] -0.86

Facet 4: Embarrassment  0.00  0.02 [-0.07,  0.07]  0.10

Facet 5: Impulsivity -0.03 -0.12 [-0.09,  0.03] -0.86

Facet 6: Vulnerability  0.03  0.12 [-0.05,  0.11]  0.67

Note. CI = Confidence Interval 
abcProfile scores reflect relative goodness of fit of a certain profile: (a) neither reactive to hassles 
nor uplifts, (b) highly reactive to both hassles and uplifts, (c) relatively more reactive to hassles or 
to uplifts.  
*p < .05, **p < .01, ***p < .001.
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Abstract 

Until now, studies have mainly focused on personality differences in effects of positive 
events on positive affect in the short run. Examining personality differences in prolonged 
effects (i.e. effects over a couple of hours) appears to be more relevant, because individuals 
who are capable of maintaining PA in response to positive events might be happier 
and more resilient to affective symptoms. The aim of this study is to directly examine 
effects of neuroticism and extraversion on prolonged effects of positive events on PA 
in an ecologically valid way without relying on retrospective methods. We used two 
independent Experience Sampling studies of female adolescents (N = 141, Mage = 14.12) 
and young female adults (N = 70, Mage = 20.96) with measurements of positive events 
and PA several times a day during six to fourteen days. We found a negative relation 
between neuroticism and mean PA, and a positive relation between extraversion and 
mean PA. Prolonged effects of positive events on PA were not consistently influenced by 
neuroticism or extraversion. Neuroticism and extraversion are related to PA levels, but 
not with PA reactivity with positive events in daily life.
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Introduction

After a long period of research mainly focusing on negative affect and neglecting positive 
affect (PA), there has been a rapidly growing interest in PA during the last twenty years 
(Tugade, Shiota, & Kirby, 2014). This is not surprising, since PA has been associated 
with unique beneficial effects on social, cognitive, behavioral and health domains (e.g. 
Chida & Steptoe, 2008; Fredrickson, 1998; Howell, Kern, & Lyubomirsky, 2007). 
Moreover, PA occurs more frequently and for longer periods of time than negative affect 
(Verduyn & Brans, 2012). Recent studies investigating momentary PA patterns in daily 
life have revealed important findings. For example, it has been found that the extent 
to which PA persists from moment to moment predicts the future course of depressive 
symptoms (Höhn et al., 2013). 

Momentary PA is predominantly influenced by environmental factors (Menne-
Lothmann et al., 2012), including positive events which often boost PA (e.g. Zautra 
et al., 2005). The impact of a positive event is temporary; the rise in PA after a positive 
event is followed by a return to baseline PA levels sooner or later (e.g. Kuppens et 
al., 2010). Until now, studies have mainly focused on between-person differences in 
the extent to which positive events influence PA in the short run (i.e. initial effects). 
This is unfortunate, since studies examining between-person differences in prolonged 
effects (i.e. effects over a couple of hours) seem particularly relevant, because intuitively, 
it is expected that the longer the effect of positive events lasts the better it is. This 
has been supported by previous research demonstrating that the inability to sustain 
PA in response to positive events was a better predictor for depressive symptoms than 
the initial response to positive events (McMakin et al., 2009), and that strategies that 
dampen or savor PA predicted depressive symptoms (Raes, Smets, Nelis, & Schoofs, 
2012) and happiness (Jose, Lim, & Bryant, 2012), respectively.  

It seems especially important for positive events to exert prolonged effects on 
PA for individuals with low average levels of PA, because otherwise PA will return 
quickly to its typical low level. High neuroticism and low extraversion are personality 
characteristics that have been associated with low average levels of PA in daily life (e.g. 
Carstensen, Pasupathi, Mayr, & Nesselroade, 2000; Longua et al., 2009; Zautra et al., 
2005). Therefore, being able to sustain PA after positive events may be particularly 
important for individuals high in neuroticism and low in extraversion. Studies suggest, 
however, that individuals high in neuroticism or low in extraversion are less able to 
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sustain heightened PA after positive events, because these individuals reported the use 
emotion regulation strategies that dampen PA more often and strategies that savor PA 
less often (Bryant, 2003; Gentzler et al., 2014; Gresham & Gullone, 2012; Livingstone 
& Srivastava, 2012; Wood et al., 2003; Yoon et al., 2013). 

Hemenover and colleagues (2003) were among the few who directly examined 
the influence of neuroticism and extraversion on how long PA is sustained over time 
in response to events. More than 200 participants reported their affect two times 
after watching, amongst others, videos that induced PA. Overall, individuals high in 
neuroticism showed a rapid decline in PA, while individuals high in extraversion showed 
a slow decline in PA, but findings were unstable across their three studies. In addition, 
the study was limited in that PA was only measured over a short time-span (i.e. 20 
minutes) in an artificial test situation. 

Verduyn and colleagues (2009; 2012) adopted a more ecologically valid approach 
to study how long PA is sustained over time in response to events. In their studies, 
participants retrospectively reported the frequency, intensity, and duration of PA evoked 
by specific internal or external events at the end of the day for a period of one week. In 
the study of 2009, extraversion did not relate to the duration of PA, while neuroticism 
did relate to the duration of PA in one out of two studies, but in an unexpected direction 
(i.e. individuals higher in neuroticism experienced a longer duration of PA). In the 2012 
study, only extraversion correlated with the duration of PA (i.e. individuals high in 
extraversion experienced a longer duration of PA). Thus, neuroticism and extraversion 
have been sporadically found to be differentially associated with the duration of PA, but 
findings are not consistent across studies. The study of 2012 addressed some limitations 
of the study of 2009 (i.e. small sample size, closed response format of affect duration, 
lack of PA items that reflect affect low in arousal such as ‘satisfied’), but was still limited 
in that participants reported the duration of affect retrospectively (at the end of the 
day), which may have caused memory biases and influenced the results. To thoroughly 
investigate the influence of neuroticism and extraversion on prolonged effects of positive 
events on PA, Experience Sampling Measurements (ESM) are needed that assess events 
and affect multiple times a day.

Unfortunately, the influence of neuroticism and extraversion on PA reactivity to 
positive events have been mainly studied in artificial situations (e.g. Gross et al., 1998; 
Larsen & Ketelaar, 1991; Lucas & Baird, 2004; Rusting & Larsen, 1997) and only a 
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few times in daily life (David et al., 1997; Jacobs et al., 2011; Zautra et al., 2005). From 
these daily life studies, only one study (Jacobs et al., 2011) assessed events and affect 
multiple times a day, but this study examined short-term effects rather than prolonged 
effects of positive events on PA. Hence, it is still unknown whether neuroticism and 
extraversion moderate prolonged effects of positive events on PA. 

The previously mentioned studies were based on adult populations. It is highly 
relevant to also investigate effects of positive events on PA in adolescence and young 
adulthood for several reasons. First, neural systems underlying PA undergo extensive 
development during these periods (e.g. Davey, Yücel, & Allen, 2008; Forbes & Dahl, 
2012; Galvan, 2010; May et al., 2004). Second, PA has a vital function in establishing 
and maintaining social relationships (e.g. Watson, Clark, McIntyre, & Hamaker, 1992), 
which are particularly important for adolescents and young adults (e.g. Forbes & 
Dahl, 2005; Greenberg, Siegel, & Leitch, 1983; La Greca & Harrison, 2005). Third, 
it has been shown that the incidence of affective disorders increases in adolescence and 
young adulthood (Kessler et al., 2001), and that young females are particularly prone 
to affective disorders (Angold & Worthman, 1993; Hankin et al., 1998; Wade et al., 
2002). There has been only one daily life study in adolescents that investigated the 
role of negative emotionality and surgency (i.e. concepts related to neuroticism and 
extraversion, respectively) in effects of positive events on PA (Gentzler et al., 2014). 
This study did not find that surgency or negative emotionality influenced adolescents’ 
PA reactions. However, this study is limited in that results were based on retrospective 
recollection of PA and events at the end of the day. 

To fill the knowledge gap in the literature, this study aimed to examine the influence 
of neuroticism and extraversion on prolonged effects (i.e. effects over several hours) 
of positive events in daily life in a direct and ecologically valid way without relying 
on retrospective methods. We hypothesized that neuroticism would be negatively 
associated whereas extraversion would be positively associated with the extent to which 
a person benefitted from positive events over an extended period. We investigated this 
hypothesis by measuring positive events and PA in early adolescent and young adult 
females several times a day during six to fourteen days. This study was unique in the 
use of two independent ESM studies, which enabled us to investigate the robustness of 
effects.
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Methods

Participants
Study 1. Female students were recruited via posters in an electronic learning 
environment and educational buildings of the University of Groningen and School for 
Higher Professional Education in Groningen, the Netherlands. Five hundred eighty-
nine female students responded with interest in participating in the Uncovering the 
Positive Potential of Emotional Reactivity (UPPER) study (i.e. a combined ESM-
fMRI study on affect dynamics), and were sent an information letter about the study. 
Eventually, 268 students (45.5%) sent back the informed consent form and filled out 
an online screening questionnaire (www.unipark.de). The screening questionnaire 
contained inclusion criteria (i.e. female gender, age between 18 and 25 years, and Dutch 
as native language), exclusion criteria (i.e. inability to keep an electronic diary five times 
a day, current psychiatric disorders, and standard MRI incompatibility criteria), and 
the neuroticism and extraversion scale of the NEO Five Factory Inventory (NEO-FFI, 
Hoekstra et al., 1996). We used the 60th percentile score of the neuroticism scale (score 
= 31) as selection criterion for participation, and randomly selected 50 participants 
who scored above, and 25 who scored below this criterion. This selection procedure 
resulted in an approximately normal distribution of neuroticism scores. The final sample 
consisted of 70 students, because one participant dropped out of the study after one 
measurement day and four participants were excluded from statistical analyses due to 
poor compliance (i.e. less than 50% compliance rate, n = 1) or lack of reported positive 
events (i.e. less than 8 measurements in which the most important event was rated 
as positive, n = 3). The included participants were on average 20.96 years old (SD = 
1.84). The majority of the participants attended university education (87.1%), the other 
participants attended higher professional education (12.9%). 

Study 2. Nine hundred thirty-three adolescents of four secondary schools in the 
Eastern part of the Netherlands were sent an information letter about the study. Three 
hundred thirty-nine adolescents (36.9% of the total number of approached adolescents) 
and their parents provided informed consent to participate in the study of whom 36 
adolescents were not able to participate due to illness or organizational problems or 
because they withdrew their consent. To be able to make a direct comparison with Study 
1, we focused on data of the 179 female adolescents (59.1%). Our final sample consisted 
of 141 female adolescents; 38 participants were excluded from statistical analyses due to 
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poor compliance (i.e. less than 50% compliance rate, n = 25) or lack of reported positive 
events (i.e. less than 8 measurements in which the most important event was rated as 
positive, n = 13). The mean age of the participants was 14.12 years (SD = 0.52), and 
all participants were in their second year of secondary education. Of this group, 44.0% 
attended preparatory secondary school for university, 36.2% attended preparatory 
secondary school for professional education, and 19.3% attended preparatory secondary 
school for technical and vocational training. Detailed information about the selection of 
participants is reported by van Roekel et al. (2014). 

Procedure
Study 1. ESM data were collected by (1) Personal Digital Assistants (PDAs) based on 
the PsyMate technology developed by Maastricht University (Myin-Germeys et al., 
2009), or (2) smartphones via a web-based application implemented in software for 
routine outcome monitoring (ROQUA, www.roqua.nl). Thirty participants preferred to 
use a PDA (42.9%) and 40 participants the web-based application on their smartphones 
(57.1%).

In an individual introduction session one day before the start of the ESM period, 
several questionnaires were administered and information was provided about how 
to use the PDA or web-based application and how to interpret the ESM questions. 
The ESM period consisted of fourteen consecutive days with five questionnaires per 
day during waking hours, at fixed time points separated by 3-hour intervals. The exact 
time points of the measurements were adjusted to the participant’s usual daily rhythm. 
Automated auditory signals or web-based generated text messages informed participants 
that a new measurement was available. To minimize memory distortion, we asked the 
participants to complete the measurements as soon as possible, but at maximum 30 
minutes after the signal. The participants could contact the researchers for technical 
support when necessary, and were contacted by telephone at the end of the first week 
to check the functionality of the equipment and answer any questions. All participants 
were paid €30 with a bonus of €20 for those who completed a minimum of 63 out of 
70 measurements. 

Study 2. ESM data were collected by providing smartphones to the participants, 
on which an open-source program (http://myexperience.sourceforge.net) was installed 
to gather data in the daily lives of the participants. Three to eight weeks before the 
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start of the ESM data collection, several questionnaires were administered online 
during school hours. One day before the start of the ESM period, participants were 
individually instructed about the ESM procedure and how to use the smartphones. 
The ESM period consisted of six consecutive days with nine questionnaires per day 
during waking hours, at random time points during 90-minute intervals. Buzzing 
signals informed participants that a new measurement was available. Participants 
were instructed to complete the measurements as soon as possible after the signal. The 
buzzing signal was repeated after two, four and six minutes when participants did not 
respond. After eight minutes, participants were unable to access the measurement. 
When participants missed two consecutive measurements they received a text message 
or were contacted by telephone to encourage them to attend to their smartphones and 
fill out the measurements. Participants could contact the researchers by telephone for 
technical support. Participants were paid €20 when they completed a minimum of 30 
out of 54 measurements. Detailed information about the procedure of Study 2 has been 
reported by van Roekel et al. (2014).

Measures
Momentary assessment of positive affect (PA). In both studies, momentary positive 
affect (PA) was measured by the same four affect items: cheerful, satisfied, energetic and 
relaxed. Participants were asked to rate the items on a scale ranging from 1 (not at all) to 
7 (very). The items were averaged into a PA score, which had a Cronbach’s alpha of .78 
in Study 1 and a Cronbach’s alpha of .77 in Study 2 (calculated across all time points 
and participants), indicating good internal consistency. 

Momentary assessment of positive events. The participants rated the valence of 
the most important event that had happened since the previous beep on a 7-point scale, 
ranging from -3 (very unpleasant) to +3 (very pleasant). To examine the effect of positive 
events on PA, we recoded negative event scores into 0, resulting in a range of 0 to +3 (see 
Wichers et al., 2009 for a similar procedure for an activity-related measure of reward).  

Neuroticism and Extraversion. In Study 1, neuroticism was measured by the 
neuroticism scale of the Dutch version of the Eysenck Personality Questionnaire 
Revisited Short Scale (EPQ-RSS, Sanderman, Arrindell, Ranchor, Eysenck, & Eysenck, 
1995). In Study 2, neuroticism was assessed by the neuroticism scale of the Dutch 
version of the Junior Eysenck Personality Questionnaire (JEPQR-S, Scholte & De 

Thesis_EliseBennik_final_v4_allchapters.indd   146 01/09/15   19:16:56



Prolonged effects of positive events on positive affect: The impact of N and E 147

7

Bruyn, 2001). The EPQ-RSS and the JEPQR-S neuroticism scales both comprise of 12 
items, which can be scored on a dichotomous scale (yes or no). Cronbach’s alpha of the 
neuroticism scale was .72 in Study 1 and .75 in Study 2. 

In Study 1, extraversion was measured with the extraversion scale of the Dutch 
version of the NEO Personality Inventory- Revised (NEO-PI-R, Hoekstra et al., 1996). 
The scale contains 48 items, which are scored on a 5-point Likert scale ranging from 1 
(strongly disagree) to 5 (strongly agree). In Study 2, extraversion was measured using the 
extraversion scale of the Dutch version of the JEPQR-S (Scholte & De Bruyn, 2001). 
This scale comprises 12 items, which can be scored on a dichotomous scale (yes or no). 
Cronbach’s alpha of the extraversion scale was .91 in Study 1 and .78 in Study 2. 

Selection of time points
Study 1 and Study 2 differed in the average time between two consecutive measurements. 
In Study 1, the time points were fixed with 3-hour intervals, while in Study 2 the time 
points were random with 90-minute intervals on average. Due to missing data, the 
time between two consecutive measurements was occasionally more than four hours in 
both studies. To make the time intervals between two consecutive measurements more 
comparable between studies, we selected only measurements at which a minimum of 30 
minutes and a maximum of 240 minutes had elapsed since the previous measurement. 

Statistical analyses 
First, we calculated mean scores of PA and the positive event score by averaging the 
PA and positive event scores across all time points for each participant. Second, we 
calculated descriptive statistics and Pearson product moment correlations between 
mean PA, mean positive events, neuroticism and extraversion. Third, we performed 
multi-level regression analyses with the momentary repeated measurements (level 1) 
nested within participants (level 2) to examine whether neuroticism and extraversion 
moderated the prolonged effect of positive events at t-1 on PA at t. Advantages of multi-
level analyses are the possibility to model level 1 error variance and level 2 error variance 
simultaneously and to handle different numbers of observations for each participant. We 
included PA at t as dependent variable and positive events at t-1 as random independent 
variable. We built four different models with (1) no covariates (model 1), (2) only PA 
at t-1 as covariate (model 2), (3) only positive events at t as covariate (model 3), and 
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(4) both PA at t-1 and positive events at t as covariates (model 4). This enabled the 
inspection of unique effects of positive events at t-1 on PA at t while adjusting for the 
autocorrelation of PA (model 2 and 4) and/or for the positive events that occurred in 
between (model 3 and 4). Only model 4 reveals unique effects of positive events at t-1 
on PA at t by adjusting for concurrent positive events and PA. We examined whether 
the effect of positive events at t-1 on PA at t (i.e. within-subject effect) was moderated by 
neuroticism or extraversion by testing the cross-level interaction between positive events 
at t-1 and neuroticism or extraversion. We used standardized scores for neuroticism and 
extraversion and person-specific mean centered scores for the within-subject predictors. 
Note that the positive events at t-1 reflect the valence of the most important event that 
had happened in the period between t-2 and t-1.

All analyses were performed in Mplus (Muthen & Muthen, 1998-2010) with 
maximum likelihood estimation with standard errors robust to non-normality. 
Significance levels (two-tailed) were set at p < .05 for all analyses.

Results

Descriptive statistics
The mean number of completed responses of the included participants was 64.93 
(92.8% compliance rate, SD: 3.41) in Study 1 and 42.45 (78.6% compliance rate, 
SD: 6.73) in Study 2. The final data set of Study 1 consisted of 3503 momentary 
measurements (level 1) provided by 70 female young adults (level 2), and the final data 
set of Study 2 consisted of 4606 momentary measurements (level 1) provided by 141 
female adolescents (level 2).

Descriptive statistics and Pearson product moment correlations between neuroticism, 
extraversion, mean PA and mean positive events are depicted in Table 7.1. In both 
studies, we found a negative relation between neuroticism and the mean of PA, whereas 
the relation between extraversion and mean PA was positive. 

Influence of Neuroticism and Extraversion on the prolonged effect of positive events
The results of the multilevel analyses with neuroticism and extraversion as moderators 
of the prolonged effect of positive events at t-1 on PA at t are presented in Table 7.2 and 
7.3, respectively. In both studies, positive events at t-1 significantly predicted PA at t in 
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models 1, 2 and 3. The effect of positive events at t-1 on PA at t was no longer significant 
in model 4, in which positive events at t and PA at t-1 were simultaneously included as 
covariates. 

Table 7.1: Descriptive statistics of the study variables and Pearson correlations

Study 1: female young adults (18-25 years)

Variable Mean SD Minimum Maximum 1. 2. 3.

1. Mean  
    Pos. eventa

1.17 0.36 0.31 2.42 -****

2. Mean PAb 4.65 0.63 3.02 5.96 .43*** -****

3. Neuroticismc 4.65 2.73 0.00 12.00 -.12*** -.48*** -****

4. Extraversiond 169.36 18.59 128.00 217.00 .15*** .31*** -.27***

Study 2: female adolescents (13-16 years)

Variable Mean SD Minimum Maximum 1. 2. 3.

1. Mean  
    Pos. eventa

1.45 0.45 0.52 2.55 -****

2. Mean PAb 5.08 0.69 3.18 6.49 .30*** -****

3. Neuroticismc 5.09 2.66 0.00 12.00 -.02*** -.26*** -****

4. Extraversiond 9.36 2.35 0.00 12.00 .18*** .29*** -.24***

Note. PA = positive affect 
aMean of pleasantness of most important event, calculated across all time points (range 0-3), 
bMean of PA, calculated across all time points, cSum score of neuroticism scale of EPQ-RSS, 
dSum score of extraversion scale of NEO-PI-R, eSum score of neuroticism/ extraversion scale of 
JEPQR-S 
*p < .05, **p < .01, ***p < .001.
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In Study 1, we found a small negative influence of neuroticism on the effect of 
positive events at t-1 on PA at t, but only when we adjusted for positive events at t and 
PA at t-1 (model 4); individuals higher in neuroticism reported less PA at time t after 
a positive event at t-1 than individuals lower in neuroticism. This interaction effect 
was not replicated in Study 2. In Study 1, we also found a small positive influence of 
extraversion on the effect of positive events at t-1 on PA at t, but only when the effect 
was adjusted for PA at t-1 (model 3); individuals higher in extraversion reported more 

Table 7.2: Multilevel model to examine the influence of neuroticism on the prolonged 
effect of positive event score t-1 on PA t

Study 1: female young adults 
(18-25 years)

Model 1a Model 2b Model 3c Model 4d

Variable B (SE) B (SE) B (SE) B (SE)

Intercept 4.66 (0.06)*** 4.68 (0.06)*** 4.66 (0.06)*** 4.68 (0.06)***

Pos. event t-1 0.14 (0.02)*** 0.06 (0.02)*** 0.04 (0.02)*** -0.02 (0.02)***

PA t-1 0.29 (0.03)*** 0.23 (0.03)***

Pos. events t 0.36 (0.02)*** 0.33 (0.02)***

Neuroticism -0.30 (0.07)*** -0.30 (0.07)*** -0.30 (0.07)*** -0.30 (0.07)***

Pos. event t-1 x Neuroticism 0.00 (0.02)*** -0.02 (0.02)*** -0.02 (0.01)*** -0.03 (0.01)***

Study 2: female adolescents  
(13-16 years)

Model 1a Model 2b Model 3c Model 4d

Variable B (SE) B (SE) B (SE) B (SE)

Intercept 5.09 (0.06)*** 5.08 (0.06)*** 5.09 (0.06)*** 5.08 (0.06)***

Pos. event t-1 0.06 (0.01)*** 0.04 (0.01)*** 0.03 (0.01)*** 0.02 (0.01)***

PA t-1 0.24 (0.02)*** 0.23 (0.02)***

Pos. events t 0.12 (0.01)*** 0.11 (0.01)***

Neuroticism -0.18 (0.06)*** -0.18 (0.06)*** -0.18 (0.06)*** -0.18 (0.06)***

Pos. event t-1 x Neuroticism 0.01 (0.01)*** 0.01 (0.01)*** 0.00 (0.01)*** 0.00 (0.01)***

Note. Pos. event = pleasantness of most important event (range: 0-3), PA = positive affect aModel 
1: without covariates, bModel 2: correcting for pos. events t, cModel 3: correcting for PAt-1, 

dModel 
4: correcting for pos. events t and PAt-1. 
*p < .05, **p < .01, ***p < .001.
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PA at time t after a positive event at t-1 than individuals lower in extraversion. In Study 
2, we found an opposite effect: individuals lower in extraversion reported more PA at t 
after a positive event at t-1 than individuals higher in extraversion, but only when we 
did not adjust for positive events at t and PA at t-1 (model 1). All effects of neuroticism 
and extraversion were small and only crossed the border of significance in one out of 
four models in Study 1 or Study 2. Analyses including neuroticism and extraversion 
simultaneously in one model resulted in similar coefficients (results are available on 

Table 7.3: Multilevel model to examine the influence of extraversion on the prolonged 
effect of positive event score t-1 on PA t

Study 1: female young adults 
(18-25 years)

Model 1a Model 2b Model 3c Model 4d

Variable B (SE) B (SE) B (SE) B (SE)

Intercept 4.66 (0.07)*** 4.68 (0.07)*** 4.66 (0.07)*** 4.68 (0.07)***

Pos. event t-1 0.14 (0.02)*** 0.06 (0.02)*** 0.04 (0.02)*** -0.02 (0.02)***

PA t-1 0.29 (0.03)*** 0.23 (0.03)***

Pos. events t 0.36 (0.02)*** 0.33 (0.02)***

Extraversion 0.19 (0.06)*** 0.19 (0.06)*** 0.19 (0.06)*** 0.19 (0.06)***

Pos. event t-1 x Extraversion 0.02 (0.02)*** 0.01 (0.02)*** 0.03 (0.01)*** 0.02 (0.01)***

Study 2: female adolescents  
(13-16 years)

Model 1a Model 2b Model 3c Model 4d

Variable B (SE) B (SE) B (SE) B (SE)

Intercept 5.08 (0.06)*** 5.08 (0.06)*** 5.08 (0.06)*** 5.08 (0.06)***

Pos. event t-1 0.06 (0.01)*** 0.05 (0.01)*** 0.03 (0.01)*** 0.02 (0.01)***

PA t-1 0.24 (0.02)*** 0.23 (0.02)***

Pos. events t 0.12 (0.01)*** 0.11 (0.01)***

Extraversion 0.20 (0.05)*** 0.20 (0.05)*** 0.20 (0.05)*** 0.20 (0.05)***

Pos. event t-1 x Extraversion -0.02 (0.01)*** -0.02 (0.01)*** -0.02 (0.01)*** -0.01 (0.01)***

Note. Pos. event = pleasantness of most important event (range: 0-3), PA = positive affect aModel 
1: without covariates, bModel 2: correcting for pos. events t, cModel 3: correcting for PAt-1, 

dModel 
4: correcting for pos. events t and PAt-1. 
*p < .05, **p < .01, ***p < .001.
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request). Adjusted for each other, neuroticism and extraversion did not significantly 
influence the effect of positive events at t-1 on PA at t, except for extraversion in model 
1 in Study 2. 

Post-hoc analyses 
Our findings that neuroticism and extraversion did not consistently moderate prolonged 
effects of positive events on PA, prompted the question whether neuroticism and 
extraversion did moderate the effects of positive events on PA in the short run. Therefore, 
we performed additional multi-level analyses to examine whether neuroticism and 
extraversion moderated the direct effect of positive events at t on PA at t. Adjusted for 
PA at t-1, that is PA before the positive event happened, neuroticism and extraversion 
did not significantly influence the effect of positive events at t on PA at t in either study 
(Neuroticism x Pos. event t: Study 1: B = 0.04, SE = 0.02, p = 0.112; Study 2: B = 0.01, 
SE = 0.01, p = 0.225; Extraversion x Pos. event t: Study 1: B = -0.02, SE = 0.02, p = 
0.469; Study 2: B = -0.02, SE = 0.01, p = 0.107).   

Discussion

The aim of this study was to investigate whether neuroticism and extraversion moderated 
the prolonged effect of positive events on PA in daily life. For this purpose we used two 
independent samples. In line with previous ESM studies (e.g. Carstensen et al., 2000; 
Longua et al., 2009; Zautra et al., 2005), we consistently found that neuroticism was 
negatively, and extraversion was positively associated with average levels of PA. We also 
found some small moderating effects of neuroticism and extraversion on the prolonged 
effect of positive events on PA, but these effects were only significant in one out of 
four models and were not consistent across the two studies. Thus, neuroticism and 
extraversion were not robustly associated with the extent to which a person benefitted 
from positive events over an extended period.

Our results are in accordance with studies by Verduyn and colleagues (2009; 2012), 
who did not find robust effects of neuroticism and extraversion on the duration of PA 
either. To our knowledge, the studies by Verduyn and colleagues (2009; 2012) are the 
only ones that investigated the duration of PA after the occurrence of an event in daily 
life. As mentioned in the introduction, these studies were limited in that participants 
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reported the duration of affect retrospectively at the end of the day. Memory biases 
might have influenced the results, because affect influences the way in which people 
experience time (e.g. Droit-Volet & Meck, 2007; Frederickx et al., 2013). However, 
we found similar results using a more objective but indirect measure of the influence of 
neuroticism and extraversion on the duration of PA (i.e. the extent to which positive 
events influence PA over an extended period of time, both unadjusted and adjusted for 
concurrent positive events and PA). Thus, taken together, neuroticism and extraversion 
do not seem to influence prolonged effects of positive events on PA. 

Alternatively, the absence of moderation of neuroticism and extraversion in our study 
could be related to the time span between consecutive measurements, which covered 30-
480 minutes. It is possible that neuroticism and extraversion only influence the effects of 
positive events on PA in the short run, and that our time span was not suitable to reveal 
these effects. Post-hoc analyses, however, render this explanation unlikely; neuroticism 
and extraversion did not moderate effects of positive events on PA in the short run (i.e. 
0 to 240 minutes later) either. Moreover, previous studies using a short time period 
also did not find convincing evidence that neuroticism and extraversion modified the 
duration of PA after positive events (Hemenover, 2003; Schimmack, 2003). In sum, the 
current state of knowledge indicates that neuroticism and extraversion do not moderate 
effects of positive events on PA in the short nor long-run. 

The lack of moderation of the prolonged effect of PA by neuroticism and 
extraversion seems to be in disagreement with findings that savoring is differentially 
related to neuroticism and extraversion (Bryant, 2003; Livingstone & Srivastava, 2012; 
Wood et al., 2003). Savoring relates to cognitive or behavioral strategies that regulate the 
intensity or duration of PA in reaction to positive events (Bryant, 2003). Some strategies 
are applied before positive events even occur (i.e. savoring through anticipation), others 
while positive events are happening (i.e. savoring in the moment), or after positive events, 
that is savoring through reminiscence (Bryant, 2003). Neuroticism and extraversion have 
been shown to be related to beliefs about the use of these three savoring components 
(Bryant, 2003). Dampening, a strategy that curtails PA, has been positively associated 
with neuroticism (Ng, 2012; Wood et al., 2003). Hence, based on these studies, one 
would expect that event-related PA would have a longer duration in individuals high in 
extraversion and a shorter duration in individuals high in neuroticism, but this was not 
the case in our samples. There might be a discrepancy between beliefs about the use of 
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savoring or dampening strategies and their actual use in daily life. 
In our study, we used an event measure that was a mixture of different types of 

events. Possibly, neuroticism and extraversion are only related to the duration of PA 
after the occurrence of specific events. The study of Wood et al. (2003) indicated, for 
example, that neuroticism was only associated with dampening strategies after a self-
relevant event (i.e. personal success) and not after a non-self-relevant event (i.e. survival 
of a friend). Future studies would benefit from investigating personality differences in 
prolonged effects of specific positive events on positive affect. 

This study focused solely on PA. In theory, it would have been interesting to 
examine whether neuroticism and extraversion are associated with the prolonged effect 
of events on negative affect. However, in practice, the presence of floor effects in negative 
affect in both samples hindered this. In non-clinical samples, the means and standard 
deviations of negative affect are typically low (e.g. Bylsma et al., 2011; Jacobs et al., 
2011; Thompson et al., 2012), which indicates little room for a decrease in negative 
affect. This reduces the possibility to change and introduces a potential source of bias. 
This is an underestimated problem that should receive more attention. Floor effects are 
of a substantive rather than methodological nature, and need careful consideration. 

One of the major strengths of our study is that we used two independent studies, 
and a strong methodology (i.e. Experience Sampling). Hence, we were able to examine 
the influence of neuroticism and extraversion on prolonged effects of positive events 
on PA in an ecologically valid way, without having to rely on participants’ memory 
recollection over lengthy periods of time, and to investigate the robustness of these 
effects in a field characterized by inconsistent findings. 

Our study also has some limitations that have to be taken into account when 
interpreting our findings. First, we investigated our research questions in healthy 
females aged between 13 and 25 years. Further research is required to investigate 
whether our results generalize to males, individuals older than 25 years of age and 
clinical populations. Second, although we made a selection of measurements to make 
the time intervals between measurements more comparable, the time between two 
consecutive measurements still varied. These time differences between two consecutive 
measurements together with the lack of information about the exact times when 
positive events occurred, resulted in a mixture of different time spans on which the 
prolonged effects of positive events on PA were calculated, ranging from 151 to 420 
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minutes in Study 1 and from 31 to 480 minutes in Study 2. These varying time spans 
may have affected the size of the effects conservatively, but probably not to a great 
extent, because we found similar effect sizes in Study 1 and 2, whereas the time span was 
larger in Study 2. We think that the benefits of a daily life measure, including strong 
ecological validity without heavily relying on the memory of participants, outweigh the 
restrictions. Nonetheless, more fine-grained examination of the duration of PA in daily 
life is preferable in future research. Third, we measured positive events with the question 
how (un)pleasant the most important event was, and recoded negative event scores into 
0, resulting in a range of 0 to +3. This could be optimized by using separate measures 
for the most important pleasant and unpleasant event with a wider range. This way, it 
would be possible to control for each other. 

To conclude, this Experience Sampling study in two independent samples of early 
adolescent and young adult females revealed a negative relation between neuroticism and 
mean PA, and a positive relation between extraversion and mean PA. Although previous 
studies suggest that individuals higher in neuroticism or lower in extraversion are unable 
to sustain heightened PA after positive events, because these individuals reported the 
use emotion regulation strategies that dampen PA more often and strategies that savor 
PA less often, we did not find robust evidence that neuroticism and extraversion were 
related to prolonged effects of positive events on PA.
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The specific aims of this thesis were to investigate (1) the relation between positive and 
negative affect, and (2) the relation between three well-known risk factors for depression 
(i.e. subclinical levels of depression, high neuroticism and low extraversion) on the one 
hand, and affective reactivity to positive and negative events on the other hand. In this 
final chapter I integrate the attained knowledge related to these aims by discussing five 
topics: (1) the longitudinal relation between positive and negative affect, (2) within- and 
between-person differences in the cross-sectional relation between positive and negative 
affect, (3) the relation between depressive symptoms, neuroticism, and extraversion on 
the one hand, and affective reactivity to positive and negative events on the other hand, 
(4) the effects of major events on affect and depressive symptoms, and (5) the relevance 
of investigating positive aspects (i.e. positive affect and the effects of positive events on 
affect). After discussing these topics, I offer directions for future research, and general 
methodological food for thought. Finally, encountered difficulties with designing and 
analyzing Experience Sampling Methodology (ESM) studies are presented.     

Reflection on main findings

The longitudinal relation between positive affect and negative affect
The major theoretical models of affect focus on cross-sectional relations between positive 
and negative affect (i.e. the relation between positive and negative affect at one point in 
time). Until now, the literature has lacked studies that investigate whether positive and 
negative affect are longitudinally related to each other (i.e. whether positive affect at one 
time point is related to negative affect at a subsequent time point and vice versa). To 
address this gap in the literature, chapter 2 of this thesis was devoted to investigate the 
longitudinal relation between positive and negative affect across measurement intervals 
of approximately two and a half years. More specifically, we investigated the longitudinal 
relation between anhedonia (i.e. lack of pleasure) and depressed affect in the longitudinal 
cohort study TRAILS.  

In line with previous studies (Lewinsohn et al., 2003), we found a positive cross-
sectional relation between depressed affect and anhedonia. More interestingly, depressed 
affect was also longitudinally related to anhedonia: depressed affect increased the risk of 
developing anhedonia several years later and vice versa. Hence, our results suggest that 
experiencing either anhedonia or depressed affect can initiate a negative spiral in which 
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a person ends up with a persistent cluster of both anhedonia and depressed affect, which 
may initiate other depressive symptoms in turn. 

Our results support the idea that the independence of positive and negative affect is 
not so clear as previously thought: recent studies have provided no evidence for specific 
neurons and neurotransmitters for positive and negative affect, but have indicated that 
certain neurons and neurotransmitters are active in both positive and negative affective 
states (e.g. Barrett & Bliss-Moreau, 2009; Leknes & Tracey, 2008; Lindquist et al., 
2015). However, as Barrett and Bliss-Moreau (2009) indicated (p. 186): “a description 
of psychological content will rarely ever shed light on the processes that caused it, in 
much the same way that the experience of the sun rising and setting is not evidence 
that the sun actually revolves around the earth”. Otherwise stated, the question whether 
positive and negative affect are independent dimensions of affective experiences will 
most likely not be answered by only investigating underlying processes of positive and 
negative affect. Studies that investigate the co-occurrence of specific affective states 
(e.g. sadness and motivational anhedonia), and at the same time take individual and 
contextual differences into account, will likely shed more light on the bipolarity debate. 

Due to the observational nature of our study, it remains unknown whether 
anhedonia and depressed affect are causally related to each other, or whether mediating 
factors or common causes give rise to the (longitudinal) relation between anhedonia 
and depressed affect. One important third variable candidate might be low perceived 
control over a stressful situation, which has been associated with both depressed affect 
(i.e. increased perception of stress, feelings of hopelessness and despair) and anhedonia 
(Bogdan et al., 2012). 

Between- and within-person differences in the relation between positive affect and 
negative affect
An impediment of the majority of affect models is not only their sole focus on cross-
sectional rather than longitudinal relations between positive and negative affect, but also 
their neglect of between- and within-person differences in this relation. The majority of 
affect models assume that the described structure of affect applies to (1) every person, 
and (2) every moment. Chapter 3 of this thesis indicated that this assumption does not 
hold.

First, we found between-person differences in the extent to which positive and 
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negative affect were related to each other across the measurements using an ESM study 
(chapter 3). This supports previous studies showing that the relation between (1) valence 
and arousal, and (2) positive and negative affect differ between persons (Brose, Voelkle, 
Lövdén, Lindenberger, & Schmiedek, 2014; Coifman et al., 2007; Kuppens, 2008; Ong 
et al., 2006). 

Second, we found that the relation between positive and negative affect varied from 
moment to moment as a function of arousal. High arousal was associated with a more 
inverse relation (i.e. a more unidimensional relation) between positive and negative 
affect. Our results are in line with the Dynamic Model of Affect (DMA, Reich et al., 
2003). The DMA postulates that positive and negative affect are more inversely related 
to each other at moments of high stress. The idea behind the model is that stress narrows 
the attention and causes more quick-and-dirty decision making, in order to regulate 
negative emotions and to adjust rapidly to the uncertain stressful situation. At the same 
time, positive cues are neglected as a result of this regulation process. Several studies 
indeed found that at stressful moments the relation between positive and negative affect 
becomes more unidimensional (Davis et al., 2004; Pruchno & Meeks, 2004; Reich 
et al., 2003; Zautra et al., 2000). Since stress measures intertwine high arousal and 
unpleasantness (e.g. number of negative events or the occurrence of a specific stressor), 
it is unknown from these studies whether high arousal or unpleasantness plays a key 
role. The results of our study expands the DMA by showing that high arousal, regardless 
of unpleasantness, predicts a more inverse relation between positive and negative affect. 
Our results indicate that pleasant affective states high in arousal are also characterized 
by a stronger inverse relation between positive and negative affect, similar to stressful 
affective states. 

In addition to the relation between positive and negative affect, individual differences 
in reactivity to positive and negative events are the topic of this thesis. One could 
contemplate on the meaning that arousal was associated with a more inverse relation 
between positive and negative affect for the effects of events on affect. The results suggest 
that positive and negative events only exert within-domain effects on affect (i.e. the 
effects of positive events on positive affect, and that of negative events on negative affect) 
when arousal is low, whereas positive and negative events exert both within-domain 
effects and cross-domain effects on affect (i.e. the effects of positive events on negative 
affect, and that of negative events on positive affect) when arousal is high. 
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The relation of depressive symptoms, neuroticism, and extraversion with reactivity 
to positive and negative events 
Individuals high in depressive symptoms, neuroticism, and low in extraversion are 
characterized by high negative affect and low positive affect on average (chapter 5, 6 
and 7). One possible explanation for these affective states is that these individuals are 
characterized by high reactivity to negative events and low reactivity to positive events. 
However, our findings in chapter 5, 6 and 7 contradict this explanation.

We found that individuals high in cognitive-affective depressive symptoms (e.g. 
sadness, loneliness, feelings of guilt and worthlessness, helplessness, self-blame and low 
self-esteem; chapter 5), high in neuroticism (chapter 6) and low in extraversion (chapter 
7) did not show decreased reactivity to positive events in daily life. In contrast, we found 
tentative evidence that the effects of positive events on positive affect were slightly larger 
for individuals higher in cognitive-affective depressive symptoms in an early adolescent 
and young adult sample (see chapter 5 and 6). 

In this thesis, individual differences with respect to negative events were only 
investigated in chapter 6. We found that the total neuroticism score was associated with 
a profile reflecting high reactivity to both positive and negative minor events in daily life. 
This is in line with the differential susceptibility theory proposing that certain behavioral, 
physiological or genetic factors, such as 5-HTTLPR or DRD4 polymorphisms or 
negative emotionality (Bakermans-Kranenburg et al, 2012; Li, 2013), are related to 
individual differences in ‘generalized’ sensitivity to events (i.e. highly sensitive to both 
negative and positive events). Our findings indicated that neuroticism is a factor that 
could predict whether an individual is highly sensitive to both negative and positive 
events (see chapter 6). Given that neuroticism is a heterogeneous concept with different 
facets (Ormel et al., 2004), we also examined whether different facets were differentially 
associated with reactivity to positive and negative events. From the different facets, only 
the depression facet was uniquely associated with a profile indicating high reactivity to 
both positive and negative events. 

The finding that depressive symptoms and neuroticism were associated with slightly 
larger effects of positive events on positive affect is in line with previous studies showing 
that depressed patients have high affect reactivity to positive events (Bylsma et al., 2011; 
Peeters et al., 2003; Thompson et al., 2012). The results are not entirely comparable, 
however, because we only focused on the effects of positive events on positive affect 
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and a combined measure of positive and negative affect, whereas previous studies have 
also investigated the effects of positive events on negative affect. This difference in 
main outcome may also explain why previous studies have shown a greater influence of 
depressive symptoms on the effects of positive events compared to our study, because the 
relation between depressive symptoms and reactivity to positive events is stronger with 
negative affect as outcome variable (Bylsma et al., 2011; Peeters et al., 2003; Thompson 
et al., 2012). 

The counter-intuitive finding that individuals high in neuroticism and depressive 
symptoms showed high reactivity to positive events in daily life might be explained by 
the relatively scarcity of positive events in these individuals (chapter 5 and 6; Bylsma et 
al., 2011; Peeters et al., 2003). Therefore, the significance of positive events might be 
relatively high. According to Brock’s commodity theory ‘any commodity (i.e. messages, 
experiences, material objects, traits and skills) will be valued to the extent that it is 
scarce, unavailable, or difficult to attain’ (Brock & Brannon, 1992; Sehnert, Franks, 
Yap, & Higgins, 2014). Evidence for this theory is provided by communication and 
marketing studies. Intuitively, scarcity also appeared to be an important factor in the 
effects of events on affect. For example, people became increasingly happy if they 
received a good grade on an exam after a period of falling grades. Hence, it makes sense 
that positive events will exert greater influences on affect when these events do occur in 
individuals who experience low affect and a relative paucity of positive events compared 
to individuals in a more positive environment. 

So far, I have described the influence of neuroticism and depressive symptoms on 
direct effects of positive events on positive affect. The pace in which positive affect returns 
to baseline levels after an increase (i.e. attractor strength) might, however, be more 
relevant. Possibly, individuals vulnerable to depression have a more reactive (positive) 
affective system to the environment with respect to direct influences, but at the same 
time have a deficiency in sustaining positive affect over time. In other words, they may 
benefit from positive events for a short time period, but not for a longer period because 
positive affect will return back to baseline levels quickly. Remarkably little attention 
has been paid to this topic so far, and therefore we investigated whether neuroticism 
and extraversion predicted prolonged effects of positive events on positive affect (see 
chapter 7). We found that neuroticism and extraversion were not related to prolonged 
effects of positive events on positive affect in two ESM studies. Our finding is in 
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contrast with studies showing that high neuroticism and low extraversion are negatively 
related to self-reported use of savoring and positively related to the use of dampening 
strategies (Bryant, 2003; Ng, 2012; Wood et al., 2003). Based on these studies, one 
would expect that positive affect would have a shorter duration in individuals high in 
neuroticism or low in extraversion, but this was not supported by our findings. Possibly, 
individuals have difficulties in accurately judging their use of these strategies in daily 
life. Alternatively, it could be that neuroticism and extraversion are only related to the 
duration of positive affect after the occurrence of specific events. For example, it has 
been found that neuroticism was only associated with dampening strategies after a self-
relevant event (i.e. personal success) and not after a non-self-relevant event (i.e. survival 
of a friend) (Wood et al., 2003). In our study, the event measure was a mixture of 
different types of events. 

The effects of major events on affect and depressive symptoms 
The previous paragraphs have dealt with the effects of minor events on affect. We 
found that minor positive events only influenced affect in the short term, and that high 
reactivity to minor events was not associated with higher mean levels (i.e. baseline levels) 
of positive affect or lower mean levels of negative affect (chapter 6). This paragraph 
discusses whether major events are able to change baseline levels of affect and depressive 
symptoms over long periods of time. 

Baseline affect is considered to be a trait characteristic of a person, and trait 
characteristics have long been considered as factors that cannot be influenced by the 
environment. There is, however, accumulating evidence that trait characteristics such as 
neuroticism are not so hard-wired as previously thought (Caspi, Roberts, & Shiner, 2005; 
Jeronimus, Riese, Sanderman, & Ormel, 2014; Roberts & DelVecchio, 2000; Specht, 
Egloff, & Schmukle, 2011). Baseline affect is also amenable to change: major stressful 
life events could suddenly alter levels of baseline affect with the onset of depression as 
one potential outcome (e.g. Clark, Diener, Georgellis, & Lucas, 2008; Headey, 2010). If 
major negative events could shift baseline affect for worse, one would expect that major 
positive events are able to shift baseline affect for better. It has been found that major 
positive events like marriage have positive effects on average happiness levels in healthy 
controls (e.g. Lucas, Clark, Georgellis, & Diener, 2003). 

With respect to depressive symptoms, we found that an excess of major positive 
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events relative to major negative events over a two year period was associated with 
fewer depressive symptoms (chapter 4). However, experiencing a large excess of positive 
life events (more than three) did not have any additional beneficial effects anymore, 
rather the opposite. Thus, major positive events have the potential to reduce depressive 
symptoms over time, yet only when the total amount of events is limited. This finding 
could be explained by that every major event, positive or negative, evokes some arousal 
and requires effort to adjust to the new situation. Persistent exposure to high arousal 
could result in exhaustion of underlying systems and might consequently lead to a 
vicious circle of reduced energy and disturbed affect (e.g. Armon et al., 2008; Grossi, 
Perski, Evengard, Blomkvist, & Orth-Gomer, 2003; Ursin, 2000; Wyller, Eriksen, & 
Malterud, 2009). Hence, if a person experiences chronically heightened arousal levels, 
it is not favorable to induce even more arousal. It is therefore important to take into 
account the overall amount of events when examining the effects of positive events on 
mental health. 

Taken together, it seems that major positive events are able to influence levels of 
affect and depressive symptoms for the better across long periods of time. The question 
remains how long the positive changes in baseline level of affect and depressive symptoms 
last over time. Could major positive events induce permanent changes in baseline levels 
of affect and depressive symptoms? 

Several theories like the hedonic treadmill theory postulate that after the occurrence 
of a positive event, positive affect will return to baseline levels over time (Lucas et 
al., 2003). However, it has also been shown that there are large differences between 
individuals (Lucas et al., 2003). It is likely that a persistent change in affect will only 
occur when at the same time individuals are exposed to changes that increase positive 
affect on a daily basis, but to my knowledge this has not been directly tested yet. In 
our research department, a study has been designed that investigates whether a tandem 
skydive is able to boost the reward system and to set lifestyle changes into motion, which 
would increase the chance that the change in affect persists over long periods of time 
(Oldehinkel, 2012). 
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Does black overrule color?
One of the aims of this thesis is to bring the color back in the literature after the focus 
on black. In 1991, the positive psychology movement already called for more interest 
in positive aspects, but during the twenty-four years between 1991 and 2015, the main 
body of research and clinical practice still predominantly focused on negative events and 
negative affect. Have researchers deliberately neglected positive aspects, because they (or 
funding sources) do not see the relevance of bringing color back in the literature? 

Baumeister and colleagues wrote an article entitled ‘Bad is stronger than good’ 
(Baumeister et al., 2001), in which they reviewed whether the effects of negative 
psychological experiences, such as daily and major life events, interpersonal interactions 
and learning processes, are larger than the effects of positive ones. They concluded that, 
with a few exceptions, negative triumphs over positive. We also found that the effects 
of major positive events on depressive symptoms are smaller than the effects of major 
negative events (chapter 4), and that the reactivity coefficients of minor negative events 
(i.e. the influence of negative events on affect) are larger than the coefficients of minor 
positive events in daily life (chapter 6). 

The finding that effects of negative psychological processes are stronger than 
effects of positive psychological processes does not necessarily imply that focusing on 
positive aspects is not important. In our studies, neuroticism was equally strongly 
related to positive affect as to negative affect (chapter 6), and depressive symptoms was 
associated with low mean positive affect (chapter 5). Furthermore, we demonstrated 
that neuroticism is somewhat stronger related to the effects of positive events on affect 
than the effects of negative events on affect (chapter 6), and that depressive symptoms 
are associated with a lower proportion and intensity of positive events. Thus, the effects 
of positive events may be less strong, but not less relevant as both neuroticism and 
depressive symptoms are associated with positive events and positive affect. 

Furthermore, as the general impression of people is that positive events are under 
more personal control than negative events (Wright, Zautra, & Braver, 1985), it may 
be easier to increase the experience of positive events than to decrease the experience 
of negative events. Hence, focusing on positive aspects may accomplish a mood 
brightening effect more easily. Until now, the main focus of cognitive treatments is 
to help depressed patients in dealing with negative environments and thoughts, and 
less to help patients find the sunshine in the dark cloud, that is generating positive 
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environments and thoughts, with some exceptions such as behavioral activation therapy 
(Dimidjian, Barrera, Martell, Muñoz, & Lewinsohn, 2011). Increasing positive events 
may set the stage for a spark of hope (“I am not doomed to darkness, because I see a ray 
of light”) and a positive spiral in depressed patients, whereas the reduction of negative 
events will probably not offer this hope (“It is not getting darker, but it will stay dark”). 
A study by Kramer and colleagues (2014) showed that providing patients feedback 
about their levels of positive affect after and during daily events and social interactions 
resulted in a decline in depressive symptoms. This suggests that increased attention to 
the effects of positive events and activities on positive affect could indeed set a positive 
spiral in motion in depressed patients. 

Taken together, the answer to the question: ‘Does black overrule color?’ depends on 
the perspective. Black might overrule color concerning the size of the effects of events, 
but black and color are at least equal in terms of relevance.

Future directions

Examining the generalizability of our findings to other populations 
It would be interesting to follow a high-risk sample before and after the transition 
to depression, in order to investigate whether certain reactivity patterns are present 
before the occurrence of depression or whether these patterns are a consequence of the 
disorder itself. This could provide clues on what to focus on in prevention programs. 
Our high-risk sample consisted of individuals with subclinical levels of depression, high 
neuroticism or low extraversion. However, the majority of these individuals will not 
develop depression, because many other factors are involved. To enhance the possibility 
that a sample includes individuals that will develop depression, it might be helpful to 
follow individuals with a ultra-high risk for developing a depressive disorder (e.g. those 
who have a combination of risk factors such as high neuroticism or a family member 
with depression and individuals who have experienced a major negative life event). 

In addition, the focus of this thesis was on individuals aged 10 to 25 years, and 
half of the chapters included females only. Further investigation is required to examine 
the generalizability of our findings to other populations (e.g. male). It has been found 
that females are more reactive to different kinds of negative affective stimuli than males 
(Whittle, Yücel, Yap, & Allen, 2011). Furthermore, females tend to pay more attention 
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and better understand their emotions, which may result in adaptive emotion regulation 
strategies (Nolen-Hoeksema, 2012). However, the maladaptive emotion regulation 
strategy rumination is also more common in females (Tamres, Janicki, & Helgeson, 
2002). Some females may become obsessed in analyzing their emotions which could 
result in excessive rumination, the belief that the emotion is a result of something in 
themselves of which they have lost control, and in turn depressive symptoms (Nolen-
Hoeksema, 2012). It has indeed been found that rumination is a mediator of the higher 
prevalence of depression in women compared to men (Nolen-Hoeksema, 2012). Gender 
differences are most pronounced with respect to negative affect and negative affective 
stimuli (Whittle et al., 2011). There are relatively few studies investigating differences 
with respect to reactivity to positive stimuli and the regulation of positive affect, and the 
studies that did showed mixed findings (Whittle et al., 2011). 

Which specific positive events are especially beneficial? A person-fit approach 
I think that an important step in further research is to investigate which positive events 
are particularly effective in reducing depressive symptoms, increasing positive affect, and 
decreasing negative affect. There are indications that only interpersonal events and not 
achievement-related events could buffer the effects of negative events (Shahar & Priel, 
2002), and that only controllable and internally caused positive events (e.g. playing a 
sport, game or cards with friends) are able to reduce negative affect (Strand, Reich, & 
Zautra, 2007). Unfortunately, these findings are based on group results, whereas my 
hypothesis is that individuals greatly differ in which specific positive events are most 
favorable. 

The importance of personality characteristics with respect to the effects of 
negative events has already been demonstrated: dependent persons are vulnerable to 
negative interpersonal events, whereas self-critical persons are vulnerable to negative 
achievement-related events (Hammen, Marks, Mayol, & DeMayo, 1985). I expect that 
person characteristics could also predict which specific positive events generate a boost 
in positive affect or reduction in depressive symptoms in a certain person. To examine 
this specific hypothesis, future studies should measure positive events, depressive 
symptoms, and affect frequently over time within a high number of individuals. With 
a large sample, these studies are able to investigate whether person characteristics could 
predict specific reactivity patterns within persons. 
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Should we focus on the actual exposure or the interpretation of positive events?
In our studies, individuals high in depressive symptoms and neuroticism reported less 
(intense) positive events. It remains unknown whether individuals with depressive 
symptoms and high neuroticism are actually exposed to less (intense) positive events or 
whether they experience the positive events they encounter differently. Unfortunately, 
as our event measures were based on self-report, we were not able to provide more 
information on this issue. Self-report measures always have a certain degree of subjectivity. 
One might prefer to measure participants in Big Brother-like scenes in which a camera 
with microphone is worn by the participants. Then the researcher would have an overview 
of the actual events a participant encountered, which could be rated on ‘pleasantness’ 
by independent coders. In addition, participants have to indicate several times a day 
whether a positive event has occurred and how pleasant the event was. Such a study may 
provide clues on whether individuals high in depressive symptoms or neuroticism are 
actually exposed to less (intense) positive events as indicated by independent coders, or 
whether these individuals solely experience the events as less positive, which would be 
revealed by a discrepancy between the reports of the participants and the independent 
coders. Previous studies have already found that individuals with depressive symptoms 
and high neuroticism have the tendency to degrade the pleasantness of an event (Gentzler 
et al., 2014; Ng, 2012; Raes et al., 2012). For example, they may think that a colleague 
asked them to go out for dinner because the colleague was not able to find another 
person to have dinner with, or they may think that an achievement is worthless, because 
everyone could do it. The new study would provide clues on whether an approach that 
stimulates individuals to actively elicit positive events by their behavior (i.e. behavioral 
activation therapy) (Cuijpers, van Straten, & Warmerdam, 2007) is able to increase the 
experience of positive events in addition to an approach that teaches individuals to take 
off their black glasses and wear their pink glasses in the interpretation of positive events 
(cognitive approach) (Menne-Lothmann et al., 2014). The feasibility of this study is 
questionable since a lot of effort from the participants and researchers is required, and 
the study compromises the privacy of a participant. 

Before increasing the exposure (i.e. actual exposure and appraisal) to positive 
events, it is necessary to find out whether increasing the exposure to positive events may 
actually help individuals to decrease mean negative affect and increase mean positive 
affect. As mentioned before, positive events are likely meaningful for individuals high 
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in neuroticism and depressive symptoms, because of their scarcity. Future studies could 
find out whether an increase in exposure to positive events will decrease the value of 
positive events, and which strategies could help to retain their value in individuals 
vulnerable for depression or depressed patients.

Arousal and the influence of positive events
We found that positive and negative affect are more inversely related to each other 
during high levels of arousal. This finding is based on an observational study. Future 
studies should experimentally manipulate the degree of arousal during an event, to 
elucidate whether increasing arousal during the experience of positive events really 
results in a decrease in negative affect in concert with an increase in positive affect. If 
this is the case, prevention and intervention strategies for depression might be improved 
by incorporating strategies that increase arousal during the experience of minor positive 
events, and hence exert a ‘double positive effect’ on well-being (i.e. a decrease in negative 
affect in concert with an increase in positive affect), especially when this effect could be 
sustained over time.

The role of positive automatic thoughts
This thesis ignores an important third factor in the relation between events and affect, that 
is implicit and conscious thoughts. Negative thoughts play an important role in theories 
about depression and neuroticism. For example, Beck’s cognitive model of depression 
postulates that dysfunctional beliefs (i.e. negative biased schemas, assumptions and 
attitudes towards oneself ) are central to depression (Beck, 1967). In response to negative 
events, these dysfunctional beliefs are activated and could initiate negative automatic 
thoughts, which in their turn could increase negative affect (Beck, 1967). Negative affect 
could also evoke negative automatic thoughts, resulting in a vicious circle (Teasdale, 
1988). Remarkably, also in the field of thoughts, most attention has been paid to black 
(i.e. negative) rather than color (i.e. positive).

The presence of positive automatic thoughts during the occurrence of a positive event 
(e.g. the thought ‘I am fun to be with’ when a friend ask you to join him on a weekend 
trip) might predict whether a positive event will influence affect. In addition, the presence 
of positive automatic thoughts during a negative event, might predict that positive affect 
will not decline. This maintenance of positive affect during negative events is beneficial, 
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since it has also been shown to be an important predictor of resilience (Coifman et al., 
2007; Tugade & Fredrickson, 2004). The relevance to investigate positive automatic 
thoughts in the context of vulnerability for depression has also been shown by studies 
finding that the general tendency to have positive automatic thoughts (i.e. trait positive 
automatic thoughts) has been negatively related to neuroticism, and positively to 
extraversion (Lightsey et al., 2013). Furthermore, these thoughts mediated the relation 
between both neuroticism and extraversion, and trait positive affect (Lightsey et al., 
2013). Trait positive automatic thoughts have also been inversely related to depressive 
symptoms (Ingram, Atkinson, Slater, Saccuzzo, & Garfin, 1990). Until now, studies 
have focused on trait positive automatic thoughts rather than on momentary positive 
automatic thoughts. An avenue for future research is to investigate how to measure 
thoughts and affect separately from each other. Next steps would be to examine whether 
the presence of momentary positive automatic thoughts could predict whether positive 
or negative events influence positive and negative affect in concert or solely positive or 
negative affect, and whether techniques that increase positive automatic thoughts will 
help individuals with depression to boost their affect. 

Increasing perceived control
Another interesting challenge for future research is to develop strategies that are able to 
enhance perceived control in individuals high in depressive symptoms or neuroticism. 
This is relevant for several reasons. First, positive events are judged as being (more) 
positive when people believe that they caused them themselves (Strand et al., 2007). 
Second, perceived control not only increases the pleasantness of events, it also predicts 
positive affect beyond the pleasantness of the positive events themselves (Langston, 
1994). Third, individuals high in depressive symptoms and neuroticism have low 
perceived control over events including positive ones (Edmondson & MacLeod, 2014). 
Taken together, increasing the perception of control over positive events, might be an 
important strategy to increase both the experience of positive events and positive affect 
in individuals high in depressive symptoms and neuroticism.
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General methodological food for thought 

The need to discriminate between within-person effects and between-person effects 
As mentioned before, we found that at the within-person level, higher levels of 
momentary arousal were associated with a stronger inverse relation between positive 
and negative affect. We, however, did not find a significant association between mean 
arousal and the relation between positive and negative events at the between-person 
level (chapter 3). Otherwise stated, individuals with higher mean arousal did not show 
a stronger inverse relation between positive and negative affect. These findings illustrate 
that within-person effects do not necessarily imply between-person effects. 

Researchers sometimes tend to misinterpret their statistical analyses and infer data 
obtained from the group level (i.e. between-person level) to the individual (within-
person level), also known as the ecological fallacy (Clancy, Berger, & Magliozzi, 2003). 
As of yet, the focus has been too much on between-person effects. This by no means 
implies that every study should now examine within-person effects instead of between-
person effects, but rather that every researcher should be aware of this ecological fallacy 
and should decide which approach helps to further the theory more or has the most 
clinical importance. 

An example that nicely demonstrates the differences between within-person and 
between-person effects is given by Snippe (2014, p. 123): the finding that individuals 
who eat cake more often are on average not happier than other individuals does not 
imply that at moments when a person eats a cake, he or she will not feel happier. This 
example highlights the importance of differentiating within-person and between-person 
effects. One could conclude from this example that it is important to investigate within-
person effects instead of between-person effects. However, one might discuss what the 
clinical relevance is of knowing how happy a person feels when he or she is eating a cake. 
From the example it would seem that eating cake only resulted in a very short increase 
in happiness and not in an increase in the long-term or average level of happiness given 
the absence of between-person effects. One might suggest that in this case the focus 
should be on investigating factors that increase average levels of happiness, because this 
is actually more of significance for well-being or psychopathology than short-lived peaks 
in happiness. An example in which the interest lies more in within-person effects of cake 
on momentary happiness is a study in which a dietician examines whether eating a cake 
results in a short-lived peak in happiness in the client. Taken together, every researcher 
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should ask: is it more relevant for this specific topic to focus on within-person effects or 
between-person effects? 

Correlation is not causation, even in time series analysis 
In this thesis, we relied on observational studies, which are not able to clarify causal 
relationships. Researchers should be aware of the trap of reporting correlations as 
causal relations with words as ‘result in’, ‘lead to’, ‘effects of.. on’. It is important to 
prevent these causal phrases when causal relations were not studied. Several conditions 
must be fulfilled for a causal relationship between X and Y: (1) association: there is 
a significant co-variation between X and Y, (2) temporal precedence: X should occur 
before Y, (3) isolation: there are no other plausible explanations for the co-variation 
between X and Y (e.g. third variables) (Kline, 2011). Longitudinal observational studies, 
including diary studies, are able to fulfill the first two criteria, but not the third. Several 
researchers incorrectly claim that they investigated causal effects in daily life studies with 
techniques such as Granger causality tests (Granger, 1969). Causality cannot be tested 
in non-experimental daily life studies, because effects are not tested in isolation (Kline, 
2011). Precisely this lack of isolation (i.e. the possibility that other variables explain 
the co-variation between the two variables) is a characteristic of diary studies since the 
measurements take place in spontaneous contexts without control of the researcher. 
An experimental design, in which the potential cause is manipulated, is required to 
demonstrate a causal relation. 

Unfortunately, it is not easy to manipulate potential causes. In experimental studies, 
affect is often induced by imagining situations, reading self-evaluation statements, 
watching images or films, listening to stories or music, experiencing success or failure, 
social interactions and receiving gifts. The results of a meta-analysis on these different 
induction procedures showed that the average effect sizes of the induction procedures 
are medium to large, but that there are large differences in the effectiveness of each 
procedure (Westermann, Spies, Stahl, & Hesse, 1996). A problem is that the effect 
of positive events on positive affect is difficult to investigate, because positive mood 
induction procedures usually fail to enhance positive affect to a sufficient extent, in 
particular positive affect high in arousal. Furthermore, it is questionable whether the 
results based on these mood induction procedures can be generalized to daily life, because 
of the artificial induction and the controlled environment. Hence, my ideal study would 
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be a combination of an experimental design and daily life study to investigate whether 
a ‘cause’-effect relation revealed in daily life is also found in a controlled lab situation in 
which the cause is experimentally manipulated, or an experimental manipulation of a 
certain factor in daily life. For example, one could induce negative affect in a controlled 
lab situation, and investigate whether there are differences in reward responsiveness 
between a condition in which an arousal-reducing strategy (e.g. relaxation exercises) 
is applied and a control condition in which this strategy is absent. Furthermore, by 
investigating arousal, negative affect, stress, positive affect and the (successful) use of the 
arousal-reducing strategy in daily life, one could examine whether findings in the lab 
situation can also be translated to daily life. 

The importance of investigating smaller parts of a heterogeneous construct 
Both neuroticism and depression are heterogeneous constructs with different underlying 
facets or symptoms (Chen et al., 2000; Kendler et al., 1996; Ormel et al., 2013). In this 
thesis, we divided these constructs into smaller parts in the hope to ease the interpretation 
of the results. When it comes to depression, we investigated the core symptoms 
depressed mood and anhedonia specifically in chapter 2, and made a distinction 
between neurovegetative-somatic symptoms (i.e. appetite or weight change, sleep 
problems, fatigue) and cognitive-affective symptoms (i.e. depressed mood, anhedonia, 
feeling worthless, guilt, suicidal ideation) in chapter 4. These latter two dimensions have 
been found to be differentially associated with, amongst, others co-morbid problems, 
clinical characteristics of depression, and personality traits (Lux & Kendler, 2010). 
In our study, we also found that these two dimensions were differentially associated 
with the effects of positive and negative life changes. With regard to neuroticism, we 
found that specific facets of neuroticism were differentially related to affect reactivity 
to positive and negative events. We found that in particular the depression facet was 
associated with a “for better and for worse” profile: high reactivity to both positive and 
negative events in daily life. Taken together, our studies demonstrated the relevance of 
investigating smaller parts of heterogeneous constructs. However, one should consider 
that investigating symptoms or facets also has the disadvantage that the whole concept 
might fade from sight as a result, since the whole is more than the sum of its parts. 
For example, the occurrence of a few symptoms on their own does not result in loss of 
functioning in depression, but it is the specific interplay between different symptoms 
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that constitutes the depressive syndrome. 

The reliability and validity of the selection of our items
In all of our studies, we only used a few specific items to measure the desired constructs. 
The composition of the set of items was not always based on recommended steps for test 
construction (Oosterveld & Vorst, 1996), such as concept analysis of the construct under 
investigation, the collection of all available items and the application of psychometric 
analyses on all items to select the most valid and reliable items.

In the chapters in which we used the TRAILS study (chapters 2 and 4), we were 
not able to influence the choice of questionnaires, because the data had already been 
collected. In chapter 4, we used a 10-item scale (the Turning Point Questionnaire) to 
measure positive life changes (5 items) and negative life changes (5 items). The questions 
were general, for example: ‘There has been a change in your family for the better’. These 
questionnaires broadly measured our desired constructs, but in future research, I would 
like to more extensively test whether all change domains are captured in the questionnaire 
and whether questionnaires asking about more specific life changes are better measures. 

The study in chapter 2 is limited by using single items to measure anhedonia and 
depressed mood. The view that single-item measures cannot provide a reliable measure 
of relatively complex psychological constructs because they are prone to measurement 
errors has long dominated the literature. The aim of a multiple-item scale, which should 
be characterized by a random selection of items in which each item explains some 
unique variance of the measured construct, is to average these measurement errors out, 
and hence increase the reliability and the validity of the measure (Diamantopoulos, 
Sarstedt, Fuchs, Wilczynski, & Kaiser, 2012). In practice, the use of multiple-item scales 
in research has become an end in itself, at the cost of reduced validity. By including 
semantically redundant items, the internal reliability of multiple-item scales is often 
artificially high, because Cronbach’s alpha, the most frequently used measure of internal 
reliability, is higher by definition when more items are included in the scale. A single-
item measure is able to outperform multiple-item measures if the measured construct is 
concrete and translatable to one good item. Thereby, it is important that the construct 
is accurately described and explained to the respondents to prevent that the single-
item measure is too vague. If the construct is very complex, a multiple-item scale is the 
preferential choice (Diamantopoulos et al., 2012). 
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It is the question whether the single items used in chapter 2 were able to adequately 
capture the constructs depressed mood and anhedonia, in particular the anhedonia item 
(i.e. “I enjoy very little”). A multiple-item scale would have been able to measure lack of 
pleasure on different domains and to distinguish between motivational anhedonia (i.e. 
the lack of motivation to obtain a pleasant outcome) and consummatory anhedonia 
(i.e. low hedonic response to rewards) (Treadway & Zald, 2011). However, it has to be 
kept in mind that we were interested in the relatively narrow constructs of depressed 
mood and anhedonia in this chapter. These narrow constructs are better captured by 
single items than the overarching constructs of positive and negative affect that should 
be measured with a multiple-item scale in my opinion. 

In our ESM studies, we used six items to measure negative affect, and four to six 
items to measure positive affect (chapters 3, 5, 6 and 7). One could wonder whether this 
number of affect items is enough to capture the broad constructs of negative and positive 
affect. We have selected our specific items based on (1) previous ESM studies, (2) the 
wish to measure both low arousal and high arousal affective states, and (3) the careful 
consideration of which affect items would show enough variation in daily life. I think 
that our measure included the most important affective states, because approximately 
75% of our participants indicated that all their affective states could be captured with 
our selection of affective items (van Wees, 2013). However, these findings should be 
interpreted with caution, since participants filled out this question retrospectively after 
the ESM period. For the majority of the affective states that were indicated as absent (i.e. 
grief, grumpiness, anxiety, discontent, anger and amorousness, van Wees, 2013), there 
were states that closely resembled the missing states. 

Surprisingly, the use of single items or scales with only a couple of items appears to 
receive less criticism when they are used in ESM studies, with the argument that the 
number of measurements is large. This is a valid argument when the main outcome is 
an aggregated measure of the single item, such as a mean score, and hence the largest 
part of measurement error will be averaged out. However, most ESM studies did not use 
aggregated scores as main outcome, but used the information at each moment in their 
calculation models, and hence measurement error at each moment could influence the 
results. In chapter 3, we measured arousal with a single item, because our opinion was 
that psychological arousal is a narrow concept that could be measured by a single item. 
To reduce measurement error, we gave participants detailed instructions on the meaning 
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of the concept of arousal and the use of the scale. 
As ESM studies are quite burdensome for participants due to the frequent and total 

number of measurements, the inclusion of too many items in ESM measurements could 
also result in less reliable responses as a result of a too high burden for participants. Hence, 
ESM studies rather rely on specific selected items than on standardized questionnaires. 
The consequence is that there are large differences between ESM studies in how different 
constructs are measured. This is problematic, because this makes it difficult to compare 
the results of different studies. It is likely that the relation between positive and negative 
affect and the impact of events on affect is influenced by which affect items one selects.  

Self-report measures
It has to be mentioned that this thesis is solely based on self-report measures. Self-report 
measures traditionally receive a lot of criticism, because they are plagued by different 
biases (Schwarz, 1999). For example, depressed affect itself could result in over-report of 
negative events, or recall biases occur in which responses are based on the most intense 
or most recent experiences (i.e. peak-and-end effects). Traditional self-reports in which 
traits are measured are viewed as the most biased self-reports, whereas momentary 
self-reports based on ESM measurements are thought to be the least biased method 
(Conner & Barrett, 2012). However, ESM measurements also rely on recall to some 
extent and can therefore be biased. For example, the number of positive events that were 
reported retrospectively over part of the day can be biased by high momentary negative 
affect, especially in a signal-content ESM design with less frequent measurements. As I 
mentioned earlier in the discussion, one might choose to film participants after which 
independent raters could score all events that occurred. However, affective states remain 
difficult to measure objectively.

Methodological challenges in ESM research

ESM studies have several highly appealing advantages, for example: (1) high ecological 
validity, (2) the ability to examine temporal order of effects and to reliably examine 
within-person processes, (3) no or less limitations by retrospective memory biases 
(Shiffman et al., 2008). At the same time, ESM designs have a number of inherent 
obstacles that need to be addressed. My knowledge has expanded after designing, 

Thesis_EliseBennik_final_v4_allchapters.indd   176 01/09/15   19:17:00



General Discussion 177

8

conducting and analyzing our first ESM study, and I would like to provide the most 
important experiences, food for thought, and insights.    

The design of the study
A crucial question at the start of an ESM study is: what is the optimal frequency of 
the ESM measurements? The answer depends on several factors, but one of the most 
important factors is the amplitude and speed of fluctuations of the variables of interest. 
If the fluctuations occur rapidly, then the ESM measurements should also follow each 
other rapidly to appear in the data. In other words, it is important to base the frequency 
of measurements in ESM studies on the temporal dynamics of the variable of interest 
(Ebner-Priemer & Sawitzki, 2007). In addition, the frequency should be adapted to the 
possibilities of the participants: to fill out questionnaires each fifteen minutes of the day 
is not feasible, especially not for a couple of days. This would intervene too much with 
daily life and result in a large problem for statistical analysis: a high number of missing 
values.

In addition, a researcher has to choose between an event-based design (i.e. design 
in which measurements are based on the occurrence of certain events) or a signal-based 
design (i.e. design in which measurements occur at fixed or random time points). This 
choice is again dependent on the variance of the variables of interest. For example, if 
you are interested in negative social interactions and you expect that these interactions 
will not occur very often in a day, an event-based design might be more appropriate. If a 
signal-based design is chosen, then the choice is whether time-points should be fixed or 
random. The advantage of random time-points is that the measurements occur randomly. 
Hence, the chance is higher that participants are measured in different environments 
and situations, and that participants will adapt their behavior and activities to a lesser 
extent. An advantage of fixed-time points is that time-series analyses can be performed. 
These allow for the possibility of reliably studying patterns of change over time and the 
temporal order of effects within-persons. 

Another question in designing an ESM study is related to power: how many 
measurements and persons are enough? It is difficult to provide one clear answer, 
because several factors, such as the size of the hypothesized effect and the complexity of 
the model have to be taken into account. Furthermore, the type of analysis plays a role. 
Recommendations for the sample size in multi-level analysis depend on several factors, 
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including the investigation of cross-level interactions. An example of a cross-level 
interaction is the effect of the between-person factor neuroticism on the within-person 
effects of positive events on positive affect. Articles provide different guidelines, but in 
general they indicate that the number of participants is of greater importance than the 
number of observations per person in multi-level analysis (Hox, 2010). One guideline, 
when cross-level interactions are the main outcome, is the 50/20 rule: a minimum of 50 
participants with 20 observations (Hox, 2010). In contrast, in pure time-series analysis 
in which the interest is solely in processes within-persons, the number of observations 
per person is important since the reliability of the results is higher with larger numbers 
of observations. Time-series analysis requires at least 30 observations per person, but this 
number also depends amongst others on the number of lags (Lütkepohl, 2006). 

Idiographic or nomothetic approach?
In this thesis, we used both idiographic and nomothetic analyses. In idiographic analyses 
the study of an individual is the key focus, whereas nomothetic analyses are focused on 
the study of classes of individuals. 

Idiographic analyses, including time series analysis, are the first choice when the 
primary interest lies in unraveling patterns within individuals. Idiographic analyses are 
tailored to the specific person of investigation. That is, the set of predictors, number 
of lags and the covariance structure are explicitly selected for that specific person. A 
nomothetic approach is often applied with respect to the choice of measures. In other 
words, a standardized set of items, which is considered to be reliable based on nomothetic 
research, is used to measure certain constructs in idiographic study designs. I noticed 
large differences in the reliability of scales between individuals (e.g. Cronbach’s alpha 
ranged from 0.29 to 0.85 for positive affect), which led me to think that more attention 
has to be paid to select person-specific measurements.   

The disadvantage of idiographic analyses is that the results cannot be generalized 
to other individuals. Ideally, one would like to cluster individuals based on their 
specific patterns over time, and investigate whether individuals within a cluster share 
resilience or risk for developing psychopathology. This requires a combined idiographic-
nomothetic approach, in which a high number of individuals undergo intensive 
longitudinal measurements. A combined idiographic-nomothetic approach is not new; 
several studies have already investigated processes within-persons over time, and have 
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used between-person variables such as personality to predict individual differences in 
within-persons processes. Most studies (like chapters 3, 5 and 7 in this thesis) used 
multi-level analyses to this end. Multi-level analyses are essentially more nomothetic 
than idiographic, because the analyses are not person-tailored (i.e. the same covariance 
structure, the same number of lags and so on are applied to all individuals), and therefore 
not an ideal means to investigate processes within an individual. 

The idiographic approach is rapidly gaining popularity and sometimes its application 
almost seems to have become an end in itself, rather than a considered choice for a specific 
research question. As the data collection is inherently burdensome for the participants, 
the analyses relatively complex, and the costs relatively high, every researcher should 
question whether the gains of this approach outweigh the costs.

The reliability of n = 1 results 
The main aim of science is to make predictions or inferences about a population, based 
on analyses of a random sample of that population. A p-value is nothing else than the 
probability of getting the results you did (or more extreme results) given that the null 
hypothesis is true in the population. In other words, it is the probability that the results 
of the analysis of the random sample could have occurred by chance when there is no 
relationship at all between the variables in the population. One important assumption 
in order to perform ‘inferential’ statistics is that the sample is a good representation of 
the population to which it is being generalized. In between-person analyses the random 
sample should consist of representative individuals from the population, whereas in 
within-person analyses the sample should consist of representative time-points of 
the period of interest (e.g. the whole life of a participant if one is interested in trait 
characteristics, or the period after a major event if one is interested in a high risk period 
for the development of depression). 

It is questionable whether researchers consider this ‘representativeness assumption’ 
before performing analyses within persons. If the goal is to make inferences about 
the characteristics of a person, it is of great importance that the time period which is 
subjected to statistical analysis, is representative for that person. In almost all cases making 
inferences is the (underlying) goal, but it is often doubtful whether the ‘representativeness 
assumption’ is met, in particular in studies with very short measurement periods of a 
couple of days. Although the well-known advantage of ESM is that it ‘captures the 
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film rather than a snapshot of daily reality’, it still only captures a relatively short film 
of the life of a participant. Hence, my opinion is that analyses are only reliable if the 
measurement period is large enough, when there are enough observed data (not too 
many missings), and when the expectation is that the measurement period is a good 
reflection of the period to which generalizations are made. Providing patients feedback 
about their results should therefore only be done if these criteria are met. I think it is 
crucial for the field of ESM studies that future studies examine how reliable the patterns 
are across time. This could be done by collecting ESM data in two different periods, and 
to examine whether the same patterns are found in the two different periods. 

Another key issue with regard to the reliability is that the intensive repeated 
measurements could have influenced the way in which the participants filled out the 
questions. A couple of studies have investigated this issue, but did not find evidence that 
behavior or experience is affected by the repeated measurements (see for an overview 
Shiffman et al., 2008). However, the study of Conner and Reid (2012) indicated that 
intensive mobile self-reporting of happiness (i.e. 6 times per day for a period of two 
weeks) is detrimental for individuals high in depressive symptoms and neuroticism, 
because they showed decreased momentary happiness over time with more frequent 
measurements. In our own evaluation study of the UPPER study (van Wees, 2013), 82% 
of the participants indicated that their emotions were influenced by the measurements; 
of these participants the majority (74%) indicated that this was both in a positive 
and negative direction. Taken together, it appeared that frequent measurements could 
influence behavior and affect, and hence the reliability of the results. 

Room for change – the effects of floor effects in the data
We ran into the problem of floor effects in negative affect by analyzing the effects of 
positive events on negative affect. Floor effects not only impede the examination of 
positive events on negative affect, but also hinder the investigation of other dynamics, 
such as negative affect inertia (i.e. the autocorrelation of negative affect). The occurrence 
of floor effects in our data is not a characteristic of our specific sample, but is typical 
for a population of healthy individuals (e.g. Bylsma et al., 2011; Jacobs et al., 2011; 
Thompson et al., 2012). Remarkably, the majority of researchers appear to ignore this 
fact, and continue to analyze differences between individuals with low baseline negative 
affect (i.e. ‘healthy’ individuals) and individuals with high baseline negative affect (i.e. 
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individuals high in depressive symptoms or neuroticism) on negative affect dynamics. 
This is problematic, because claims that these groups differ in negative affect dynamics 
may be false if these effects are driven by floor effects and associated ‘room for change’ 
in negative affect. The same problems occur in patient samples, for example with ceiling 
effects in negative affect in depressed patients. In my opinion, the problem of floor and 
ceiling effects is underestimated and should receive more attention in the literature. 

Concluding remarks

The title of this thesis (i.e. every dark cloud has a colored lining) suggests that darkness 
(i.e. negativity or unpleasantness) and color (i.e. positivity or pleasantness) are closely 
related to each other. We found that depressed affect increased the risk of developing 
anhedonia (i.e. lack of pleasure) several years later and vice versa. Our findings further 
showed that the momentary relation between negative and positive affect depends on 
the momentary degree of arousal. The ‘dark cloud’ in the title is a metaphor for an 
individual characterized by darkness (an individual high in depressive symptoms or 
neuroticism). Using the appealing ESM technology, we found that individuals high in 
depressive symptoms or neuroticism experienced low levels of positive affect and less 
(intense) positive events, but that they did show slightly higher reactivity to positive 
events than individuals with low depressive symptoms and neuroticism. Future research 
should focus on how the exposure to positive events (i.e. actual exposure and appraisal) 
could be enhanced in individuals high in depressive symptoms and neuroticism without 
reducing the meaning of positive events, and which specific positive events are able to 
change positive and negative affect in concert. This can be achieved by investigating 
the role of arousal, positive automatic thoughts and perceived control in the effects of 
events on affect using a combined idiographic-nomothetic and experimental daily-life 
approach.  
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Doel en onderzoeksopzet

Tot op heden heeft onderzoek naar kwetsbaarheidfactoren voor depressie (zie voor uitleg 
Box 1) zich hoofdzakelijk gericht op negatief affect (zie voor uitleg Box 2) en negatieve 
gebeurtenissen. Dit proefschrift beoogt om naast de rol van deze negatieve aspecten 
meer inzicht te verwerven in de rol van positief affect en positieve gebeurtenissen 
bij depressieve symptomen. Dit doel komt ook tot uitdrukking in de titel van dit 
proefschrift: “Every dark cloud has a colored lining” (vertaling: Elke donkere wolk heeft 
een gekleurd randje), een afgeleide van het Engelse spreekwoord “Every cloud has a 
silver lining”. 

Mijn proefschrift richt zich op de vraag of jongeren met depressieve symptomen of 
persoonlijkheidstrekken die gerelateerd zijn aan depressieve symptomen verschillen in 
de mate waarin ze positieve en negatieve gebeurtenissen rapporteren en erop reageren. 
Specifiek jongeren zijn onderwerp van de verschillende studies, omdat deze groep veel 
fluctuaties in affect laat zien en relatief veel grote levensgebeurtenissen meemaakt. Jongeren 
zijn kwetsbaar voor het ontwikkelen van een depressieve stoornis en bijbehorende 
problemen, waardoor hun ontwikkeling op verschillende levensgebieden kan stagneren. 
Daarnaast verhoogt het meemaken van een depressieve episode tijdens deze levensfase 
de kans op het krijgen van nieuwe depressieve episodes in de volwassenheid.     

Twee onderwerpen staan centraal in dit proefschrift: (1) de relatie tussen positief 
en negatief affect en (2) de relatie tussen persoonlijkheidstrekken en (subklinische) 
depressieve symptomen met reactiviteit op positieve en negatieve gebeurtenissen. Deze 
onderwerpen zijn onderzocht door middel van twee verschillende soorten studies. 
Het eerste betreft een zogenaamde longitudinale cohortstudie, in dit geval de studie 
TRAILS (TRacking Adolescents’ Individual Lives Survey), waarin eenzelfde groep van 
meer dan 2000 adolescenten over de tijd heen zijn gevolgd van hun 11e tot en met 
23e levensjaar. Daarnaast is gebruik gemaakt van twee studies waarbij de Experience 
Sampling Methodologie (ESM) is toegepast. In deze studies hebben jonge adolescenten 
en studenten meerdere keren per dag vragen ingevuld over, onder meer, ervaren 
gebeurtenissen en stemming in het dagelijkse leven.
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Box 2: Wat is affect?

In dit proefschrift gebruik ik affect als overkoepelende term voor emoties en stemming. 
Het woord emotie is afkomstig van het woord ‘emovere’ en betekent letterlijk ‘dat 
wat ons tot actie beweegt’. Een veelgebruikte definitie van emotie is: ‘een toestand die 
iemand helpt om met bedreigingen en uitdagingen in de omgeving om te gaan’. Stel je 
bijvoorbeeld voor dat je aan het zwemmen bent in Australische wateren en de vin van een 
haai ziet. Door de angst die je in deze situatie vermoedelijk zult voelen zul je proberen zo 
snel mogelijk de dreigende situatie uit de weg te gaan door naar de kant te zwemmen en 
uit het water te gaan (je zult ‘vermijdingsgedrag’ vertonen). Probeer je nu een situatie in 
te beelden dat je een kick hebt gekregen van een rit in de achtbaan. Waarschijnlijk zul je 
geneigd zijn om nog een ritje te maken (je zult ‘benaderingsgedrag’ vertonen). Emoties 
helpen je dus om je aan te passen aan de omgeving. Emoties duren gewoonlijk niet lang. 
Het begrip ‘stemming’ verwijst doorgaans naar een langduriger emotionele toestand. Het 
kan soms lastig zijn om emoties en stemming te onderscheiden. Daarom wordt vaak 
de overkoepelende term affect gebruikt, waarbij een grove splitsing wordt gemaakt in 
positief en negatief affect. Positief affect wordt bijvoorbeeld gemeten door woorden 
als enthousiast, kalm, tevreden en energiek, terwijl negatief affect wordt gemeten met 
woorden als somberheid, verveeld, angst en verdrietig.  

Box 1: Wat is depressie?

Depressie, ofwel een depressieve stoornis (Major Depressive Disorder, MDD), is 
een veelvoorkomende psychiatrische stoornis. Volgens het bekende handboek van 
stoornissen in de psychiatrie, de DSM-5, moet aan een aantal criteria worden voldaan 
om een depressieve stoornis vast te stellen. Ten eerste moeten er minstens 5 symptomen 
aanwezig zijn uit het volgende rijtje: sombere stemming, verlies van plezier, aanzienlijk 
gewichtsverlies of gewichtstoename, slapeloosheid of veelvuldig slapen, vermoeidheid 
of verlies van energie, verminderd vermogen om te concentreren of beslissingen te 
nemen, psychomotorische gejaagdheid of geremdheid, gevoelens van waardeloosheid of 
buitensporige schuld, en herhaalde gedachten over de dood of gedachten over zelfmoord. 
Ten tweede moet één van de symptomen in ieder geval een sombere stemming of verlies 
van plezier (anhedonie) zijn. Ten derde moeten de symptomen tenminste twee weken 
lang dagelijks aanwezig zijn en leiden tot aanzienlijke beperkingen in het functioneren op 
verschillende domeinen.   
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De relatie tussen positief en negatief affect

Vooralsnog hebben onderzoekers niet allemaal dezelfde mening over hoe positief en 
negatief affect zich tot elkaar verhouden. Onderzoekers die positief en negatief affect 
zien als twee tegenovergestelde uitersten van één dimensie (unidimensioneel) zetten 
negatief affect aan het linker uiterste van die lijn, positief affect aan het rechter uiterste 
en neutraal affect in het midden. Onderzoekers die positief en negatief affect zien als 
twee onafhankelijke (losse) dimensies (bidimensioneel) gebruiken twee verschillende 
lijnen om positief affect en negatief affect te scoren. Een hoge mate van positief affect 
kan in dat geval naast een hoge mate van negatief affect bestaan. Eerdere studies geven 
aan dat er twee verschillende biologische systemen ten grondslag liggen aan positief en 
negatief affect, wat doet vermoeden dat positief en negatief affect onafhankelijk van 
elkaar zijn. Recente studies suggereren echter dat er veel meer overlap is tussen deze 
systemen dan voordien werd aangenomen.  

Relatie tussen depressieve stemming en anhedonie gedurende de adolescentie
Hoofdstuk 2 gaat dieper in op de relatie tussen positief en negatief affect door gebruik 
te maken van de TRAILS studie. In dit hoofdstuk staat de relatie tussen depressieve 
stemming (component van negatief affect) en anhedonie (een gebrek aan plezier, een 
component van positief affect) centraal. We hebben deze relatie longitudinaal (over de 
tijd heen) en cross-sectioneel (op één tijdstip) onderzocht. We vonden dat het percentage 
jongeren dat anhedonie rapporteerde, afnam tussen de leeftijden 11.0 en 19.0 jaar en dat 
de stabiliteit van anhedonie toenam gedurende deze periode: de kans op het ervaren van 
anhedonie op twee opeenvolgende meetmomenten werd sterker. Daarnaast was de cross-
sectionele relatie tussen anhedonie en depressieve stemming sterker op 19-jarige leeftijd 
dan op 11-jarige leeftijd. De belangrijkste bevinding was dat depressieve stemming en 
anhedonie elkaar over en weer voorspelden: depressieve stemming voorspelde anhedonie 
een meetmoment later, maar ook andersom. Deze bevindingen suggereren dat het 
ervaren van óf anhedonie óf depressieve stemming een negatieve spiraal kan initiëren. 
Deze negatieve spiraal kan uitmonden in het voortdurend ervaren van anhedonie en 
depressieve stemming, hetgeen mogelijk weer andere depressieve symptomen uit kan 
lokken. De beschreven studie kan echter geen uitsluitsel geven met betrekking tot de 
vraag of anhedonie en depressieve stemming oorzakelijk gerelateerd zijn aan elkaar, met 
andere woorden of het ene symptoom het gevolg is van het andere. Wellicht zorgen 
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andere factoren, zoals het ervaren van weinig controle tijdens een stressvolle situatie, 
voor de gevonden relaties tussen anhedonie en depressieve stemming.  

Arousal en de momentane relatie tussen positief en negatief affect  
Er is toenemend bewijs dat stress, een toestand die gepaard gaat met veel negatieve 
arousal (zie voor uitleg van het begrip arousal Box 3), gerelateerd is aan hoe sterk positief 
en negatief affect op een bepaald moment met elkaar samenhangen. De bevindingen 
van onze ESM-studie in hoofdstuk 3 komen hiermee overeen. We vonden dat de relatie 
tussen positief en negatief affect afhankelijk was van de hoeveelheid arousal op dat 
moment: hoe meer arousal op een moment werd ervaren, hoe sterker de (negatieve) 
relatie tussen positief en negatief affect. Deze bevinding is in overeenstemming met 
eerdere studies die aantoonden dat tijdens stress, een toestand die gepaard gaat met veel 
negatieve arousal, positief en negatief affect negatiever met elkaar samenhangen dan 
tijdens momenten zonder stress. Onze studie betrof echter niet alleen negatieve arousal, 
maar ook positieve arousal. De uitkomst dat positief affect en negatief affect ook sterker 
(omgekeerd) samenhangen tijdens toestanden van positieve arousal heeft gevolgen voor 
de theorievorming en praktische implicaties van het effect van positieve gebeurtenissen 
op negatief affect. Op basis van onze bevinding kan verwacht worden dat wanneer 
positieve gebeurtenissen gepaard gaan met veel arousal, deze niet alleen effect hebben op 
positief affect, maar ook, in omgekeerde richting, op negatief affect. Een implicatie van 
deze bevinding is dat depressieve patiënten mogelijk baat hebben bij een verhoging van 
arousal tijdens positieve gebeurtenissen, zodat niet alleen positief affect stijgt, maar ook 
negatief affect daalt. 

Box 3: Wat is arousal?

Er zijn verschillende definities van arousal. Over het algemeen wordt met het begrip 
arousal verwezen naar fysiologische en psychologische activatie. Een hoge mate van 
fysiologische arousal gaat gepaard met een verhoogde hartslag, verhoogde bloeddruk, 
versnelde ademhaling en pupilverwijding. Psychologische arousal betreft het geactiveerd 
voelen, de subjectieve ervaring. Negatieve gebeurtenissen wekken bijna altijd een hoge 
mate van arousal op, terwijl positieve gebeurtenissen erg variëren in de mate waarin 
ze arousal aanwakkeren. Badderen en een achtbaanritje gelden beide vaak als positieve 
ervaringen, maar alleen de laatste zal leiden tot verhoogde arousalniveaus.
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De relatie tussen persoonlijkheid en depressieve symptomen 
enerzijds en reactiviteit op positieve en negatieve gebeurtenissen 
anderzijds

Individuen met een relatief hoog aantal depressieve symptomen, die hoog scoren 
op neuroticisme en/of laag scoren op extraversie (zie voor uitleg van de begrippen 
neuroticisme en extraversie Box 4) rapporteren over het algemeen genomen veel negatief 
affect en weinig positief affect. Een mogelijke verklaring is dat deze individuen minder 
sterk reageren op positieve gebeurtenissen en sterker op negatieve gebeurtenissen dan 
anderen. Het zou ook kunnen dat het effect van positieve gebeurtenissen erg snel wegebt 
bij hen en/of dat negatief affect lang aanwezig blijft na negatieve gebeurtenissen. 

Wat betreft het effect van positieve gebeurtenissen komen de bevindingen in dit 
proefschrift niet overeen met deze verklaring (zie hoofdstuk 5, 6 en 7). Cognitief-
affectieve depressieve symptomen (symptomen gerelateerd aan cognitie en stemming, 
zoals depressieve stemming, schuldgevoelens, gevoelens van waardeloosheid, 
hulpeloosheid, laag zelfvertrouwen) en neuroticisme of een lage score op extraversie 
hingen niet samen met minder reactiviteit op positieve gebeurtenissen. Integendeel, we 
vonden voorzichtige aanwijzingen dat individuen met veel depressieve symptomen meer 
positief affect ervaren na het meemaken van positieve gebeurtenissen. Dit onverwachte 
effect is mogelijk te verklaren in het licht van een andere bevinding, namelijk dat 
individuen met veel depressieve klachten weinig positieve gebeurtenissen rapporteerden. 
Deze relatieve schaarste aan positieve gebeurtenissen bij deze mensen zou er voor kunnen 
zorgen dat, áls er iets positiefs gebeurt, er heftiger op wordt gereageerd. Een voorbeeld 
van dit verschijnsel zien we bij studenten die extra blij zijn met een goed cijfer op een 
tentamen nadat ze een periode alleen maar onvoldoendes hebben gehaald. 

We hebben ook geen aanwijzingen gevonden dat mensen met veel depressieve 
symptomen (zie hoofdstuk 5), een hoge neuroticisme score of een lage extraversiescore 
(zie hoofdstuk 7) minder langdurig positief affect ervaren na een positieve gebeurtenis. 
Deze bevinding sluit niet aan bij eerdere studies waarin deze individuen relatief vaak 
emotie-regulatiestrategieën rapporteerden die positief affect dempen (bijvoorbeeld door 
te denken dat ze het niet waard waren om iets positiefs te overkomen). Een mogelijke 
verklaring voor deze discrepantie is dat individuen niet goed kunnen terugkijken op het 
gebruik van zulke emotie-regulatiestrategieën in het dagelijkse leven. Een andere reden 
zou kunnen zijn dat individuen met (een kwetsbaarheid voor) depressieve symptomen 

Thesis_EliseBennik_final_v4_allchapters.indd   214 01/09/15   19:17:06



Nederlandse samenvatting 215

SA

alleen positief affect dempen na specifieke gebeurtenissen, zoals ervaringen die relevant 
zijn voor het zelfbeeld. 

De hoofdfocus van dit proefschrift lag op positieve gebeurtenissen en daarom hebben 
we in mindere mate onderzoek gedaan naar het effect van negatieve gebeurtenissen op 
affect. We vonden wel, in overeenstemming met eerdere bevindingen, dat neuroticisme 
gerelateerd was aan een sterkere reactie van negatieve gebeurtenissen op affect (zie 
hoofdstuk 6). Uniek in onze studie is dat we hebben gekeken of dit effect verschillend 
was voor de verschillende facetten van neuroticisme. Dat bleek het geval: met name het 
depressiefacet van neuroticisme hing samen met reactiviteit op negatieve gebeurtenissen.  

Het effect van grote gebeurtenissen op depressieve symptomen
De voorgaande paragrafen beschreven de relatie tussen het meemaken van kleine 
gebeurtenissen en affect in het dagelijks leven. Hoofdstuk 4 richt zich op de relatie 
tussen het meemaken van meer ingrijpende, grote gebeurtenissen en depressieve 
symptomen. We vonden dat het meemaken van relatief meer positieve dan negatieve 
gebeurtenissen samenhing met minder depressieve symptomen twee jaar later, mits het 
totale aantal gebeurtenissen niet te hoog was. De uitkomst dat een overvloed aan positieve 
gebeurtenissen niet per definitie gunstig is, kan misschien verklaard worden doordat elke 
grote gebeurtenis, al is die positief, aanpassing vereist en leidt tot hoge arousalniveaus. 
Wanneer men veelvuldig hoge arousalniveaus ervaart, kan dit tot uitputting leiden en 
mogelijk tot een vicieuze cirkel van gebrek aan energie naar depressief affect en vice 
versa. 

Box 4: Wat zijn neuroticisme en extraversie?

Neuroticisme en extraversie zijn persoonlijkheidstrekken. Er zijn verscheidene definities 
in omloop. Vaak wordt neuroticisme gedefinieerd als een eigenschap waarbij moeite wordt 
ondervonden bij het omgaan met bedreigingen, frustratie en verlies. Daarnaast ervaren 
mensen die hoog scoren op deze eigenschap relatief vaak en intens negatieve emoties. 
Extraversie is een eigenschap die in verband staat met de neiging om naar sociale aandacht 
te streven en met het maken van gemakkelijk contact, assertiviteit en enthousiasme. 
Mensen hoog in extraversie laten gemiddeld genomen meer positief affect zien.
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Overschaduwt zwart kleur?

Eén van de doelen van dit proefschrift is om meer aandacht te besteden aan positief 
affect en positieve gebeurtenissen, na de relatief grote focus op negatieve aspecten in de 
wetenschappelijke literatuur. De vraag is of meer aandacht voor positief affect en positieve 
gebeurtenissen terecht is, of dat deze toch minder interessant zijn om te onderzoeken, 
omdat ze vaak overschaduwd worden door negatief affect en negatieve gebeurtenissen. 
We hebben gevonden dat het effect van grote positieve gebeurtenissen op depressieve 
symptomen minimaal is in vergelijking met het effect van grote negatieve gebeurtenissen 
(hoofdstuk 4) en dat ook kleine negatieve gebeurtenissen sterker gerelateerd zijn aan 
affect dan kleine positieve gebeurtenissen (hoofdstuk 6). Dit betekent echter niet dat 
het weinig relevant is om effecten van positieve gebeurtenissen te onderzoeken. Ons 
onderzoek suggereert bijvoorbeeld dat neuroticisme net zo sterk samenhangt met een 
gebrek aan positief affect als met negatief affect en zelfs sterker met de effecten van positieve 
gebeurtenissen dan met de effecten van negatieve gebeurtenissen op affect (hoofdstuk 6). 
Ook depressieve symptomen zijn geassocieerd met lage gemiddelde niveaus van positief 
affect en een lagere hoeveelheid en intensiteit van positieve gebeurtenissen (hoofdstuk 
5). Ik denk dat het relevant is om hier verder onderzoek naar te doen, te meer omdat 
het omgaan met negatieve situaties en negatieve gedachten het meest centraal staat in 
cognitieve behandelingen voor depressie. Het is misschien makkelijker om de ervaring 
van positieve gebeurtenissen te verhogen dan de ervaring van negatieve gebeurtenissen 
te verlagen. Mogelijk is er therapiewinst te behalen door meer aandacht te besteden aan 
factoren die positief affect kunnen verhogen om zo een positieve spiraal en hoop in gang 
te zetten in depressieve patiënten. 

Beperkingen en suggesties voor vervolgonderzoek

In mijn studies werden individuen tussen de 10 en 25 jaar bestudeerd en in de helft alleen 
vrouwen. Ander onderzoek moet uitwijzen of onze bevindingen ook gelden voor andere 
populaties. Daarnaast hebben we ons gebaseerd op zelf-rapportagevragenlijsten die 
onderhevig kunnen zijn aan vertekening. We weten bijvoorbeeld niet of individuen met 
depressieve symptomen of een hoge score op neuroticisme daadwerkelijk zijn blootgesteld 
aan minder (intense) positieve gebeurtenissen of dat ze de positieve gebeurtenissen 
die ze meemaken minder positief ervaren. Toekomstig onderzoek zou met behulp 
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van draagbare camera’s en geluidsopnamen (eventueel via een smartphone) positieve 
gebeurtenissen ‘objectief ’ kunnen registreren en door het tevens laten invullen van zelf-
rapportagelijsten door participanten meer zicht kunnen krijgen op de betekenis van 
(verschillen tussen) echt meegemaakte en ervaren gebeurtenissen. Het is echter duidelijk 
dat een dergelijke studieopzet praktisch en ethisch gezien complex is. Een andere 
beperking van de gebruikte vragenlijsten is dat affect gemeten werd met behulp van 
slechts enkele vragen, waardoor de resultaten minder betrouwbaar kunnen zijn. Verder 
is het goed om te vermelden dat we gebruik hebben gemaakt van observationele studies. 
Dat zijn studies waarin wij als onderzoekers geen invloed uitoefenen op de blootstelling 
aan de variabelen waarin we geïnteresseerd zijn. We hebben bijvoorbeeld naar de reacties 
van deelnemers op de ‘natuurlijke’ blootstelling aan positieve gebeurtenissen gekeken 
en wekten positieve gebeurtenissen niet bij de deelnemers op. Het gegeven dat we onze 
deelnemers longitudinaal (over de tijd heen) gevolgd hebben is een sterk punt, omdat 
we hierdoor in staat zijn geweest om de volgorde van effecten in de tijd te onderzoeken. 
Een longitudinaal karakter is echter niet genoeg om oorzaak-gevolg relaties aan te tonen; 
daarvoor zijn studies nodig waarbij effecten wel onder de controle van onderzoekers 
worden gebracht (zogenoemde experimentele studies).

Naast deze meer algemene beperkingen, heb ik in de discussie van mijn proefschrift een 
aantal specifieke mogelijkheden en beperkingen van de ESM-methodologie besproken. 
Een belangrijk voordeel van ESM-studies is dat variabelen in hun natuurlijke, spontane 
context worden bestudeerd. Een ander voordeel is dat naast groepspatronen ook binnen 
personen kan worden onderzocht of bepaalde variabelen met elkaar samenhangen, 
door de veelvuldige longitudinale metingen. We hebben in hoofdstuk 3 gezien dat er 
een discrepantie kan bestaan tussen binnen-persoon en tussen-persoon effecten. Een 
binnen-persoon effect geeft de mate aan waarin een bepaalde variabele varieert binnen 
een persoon. Een voorbeeld van een binnen-persoon effect is dat het krijgen van een 
compliment bij een bepaalde persoon samengaat met een hogere score op blijheid. Een 
tussen-persoon effect geeft de mate aan waarin een bepaalde variabele varieert tussen 
personen. Een voorbeeld van een tussen-persoon effect is dat mensen die gemiddeld 
meer complimenten krijgen, gemiddeld blijer zijn. Het is van belang dat onderzoekers 
gevonden tussen-persoon resultaten niet zondermeer generaliseren naar individueel 
niveau (ook wel bekend als ‘ecological fallacy’). Er moet voor elke vraagstelling worden 
nagegaan welk effect de meeste theoretische en klinische relevantie heeft. 
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Een beperking van ESM-studies is dat de metingen intensief zijn. Hierdoor wordt 
vaak besloten om de onderzoeksvariabelen met maar enkele items te meten, wat ten 
koste kan gaan van de betrouwbaarheid. Een ander nadeel hiervan is dat er verschillen 
bestaan tussen ESM-studies in de manier waarop variabelen worden gemeten, hetgeen 
het lastig maakt om de bevindingen met elkaar te vergelijken. Daarnaast beslaan ESM-
metingen slechts een betrekkelijk korte periode van het leven van een participant. Het 
zou goed zijn om in toekomstig onderzoek te bestuderen in hoeverre ESM-patronen 
binnen personen stabiel zijn over de tijd en representatief voor de periode waarin de 
onderzoeker geïnteresseerd is, omdat het vooralsnog grotendeels onduidelijk is hoe 
betrouwbaar de gevonden patronen zijn. Daarbij is het ook goed te onderzoeken of het 
herhaald invullen van vragenlijsten in het dagelijks leven als zodanig de metingen kan 
vertekenen. Ten slotte is het goed om bij de analyses rekening te houden met bodem- en 
plafondeffecten in de onderzoeksvariabelen, die de resultaten sterk kunnen beïnvloeden. 
Een voorbeeld van een bodemeffect is dat een gezonde deelnemer zich in een periode 
nooit somber voelt en daarom bijna altijd het laagste punt (helemaal niet) op een 
somberheidsschaal aankruist. In dit geval lukt het niet om te onderzoeken in hoeverre 
een positieve gebeurtenis leidt tot een daling in somberheid, omdat het laagste punt op 
de meetschaal al was bereikt. Een voorbeeld van een plafond effect is dat een ernstig 
depressieve patiënt zich in een periode heel erg somber voelt en daarom bijna altijd het 
hoogste punt (heel erg) op een somberheidsschaal aankruist. In dit voorbeeld lukt het 
niet om te onderzoeken in hoeverre een negatieve gebeurtenis leidt tot een stijging in 
somberheid, omdat het hoogste punt op de meetschaal al was bereikt.  

Een inhoudelijke beperking van de studies die beschreven staan in dit proefschrift is 
dat we de rol van gedachten in de relatie tussen gebeurtenissen en affect niet onderzocht 
hebben, terwijl bekend is dat negatieve gedachten een belangrijke risicofactor zijn voor 
bijvoorbeeld depressie. Het zou interessant zijn om in vervolgonderzoek naast negatieve 
ook positieve gedachten centraal te stellen, omdat hier relatief weinig onderzoek naar 
is gedaan. De aanwezigheid van positieve gedachten tijdens een positieve gebeurtenis 
voorspelt mogelijkerwijs of een positieve gebeurtenis (een sterk) effect heeft op affect.  

Dit proefschrift biedt hopelijk aanknopingspunten om strategieën te ontwikkelen 
en te onderzoeken die de ervaring van positieve gebeurtenissen en positief affect kunnen 
verhogen. Naast strategieën die arousal (kortdurend) doen stijgen, zouden strategieën 
die zorgen voor meer waargenomen controle over de situatie behulpzaam kunnen zijn 
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om zowel de ervaring van positieve gebeurtenissen als positief affect te verhogen. Uit 
eerder onderzoek is namelijk bekend dat individuen positieve gebeurtenissen positiever 
beoordelen wanneer de overtuiging aanwezig is dat ze deze gebeurtenissen zelf veroorzaakt 
hebben. Daarnaast zijn er aanwijzingen dat mensen met veel depressieve symptomen en 
een hoge neuroticismescore relatief weinig controle waarnemen over gebeurtenissen.

Conclusie

Dit proefschrift laat zien dat donkerheid (negativiteit, onplezierigheid) en kleur 
(positiviteit, plezierigheid) nauw gerelateerd zijn aan elkaar. De ‘donkere wolk’ in de titel 
is een metafoor voor iemand die overspoeld wordt door donkerheid, zoals regelmatig 
voorkomt bij personen die hoog scoren op depressieve symptomen en neuroticisme. 
Eén van de belangrijkste bevindingen is dat deze ‘donkere wolken’ weliswaar minder 
positief affect en minder (intense) positieve gebeurtenissen rapporteren, maar ook 
enigszins sterker reageren op positieve gebeurtenissen dan individuen met weinig 
depressieve symptomen of lage neuroticismescores. Een nog onbeantwoorde vraag is hoe 
de (daadwerkelijke en/of waargenomen) blootstelling aan positieve gebeurtenissen kan 
worden verhoogd in individuen met (een kwetsbaarheid voor) depressieve symptomen 
zonder de reactiviteit op positieve gebeurtenissen te verlagen. Daarnaast is het interessant 
om te onderzoeken welke specifieke positieve gebeurtenissen niet alleen positief 
affect kunnen verhogen, maar tegelijkertijd ook negatief affect (langdurig) kunnen 
verlagen. Een potentieel nuttig pad is het onderzoeken van de rol van arousal, positieve 
automatische gedachten en waargenomen controle in de relatie tussen gebeurtenissen 
en affect middels een benadering waarin onderzoek naar individuele kenmerken en 
groepskenmerken (idiografisch en nomothetisch onderzoek) en experimenteel en ESM 
onderzoek worden gecombineerd. 
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De afgelopen proefschriftjaren zijn te beschrijven als een zonnige periode, met maar af en 
toe een kleine donkere wolk. Dat ik met zoveel plezier gewerkt heb aan mijn proefschrift 
en dat een wolk alleen maar leidde tot een momentane daling in mijn stemming is te 
danken aan een groot aantal mensen in mijn omgeving die ik in dit slotwoord graag in 
het zonnetje wil zetten.

De meeste dank ben ik verschuldigd aan mijn (co-)promotoren. Ik ben heel erg blij met 
jullie als begeleiders! Dank voor jullie geduld wanneer ik twijfelde, moeilijk beslissingen 
kon nemen of eerder gedane beslissingen terug wilde draaien. Het is een moeilijk te 
veranderen eigenschap, maar jullie hebben mij wel stapjes vooruit doen zetten. Ook 
dank voor de enorme vrijheid die jullie mij hebben gegeven in het kiezen van mijn eigen 
onderwerpen voor de artikelen. Er zijn veel ideeën op het kerkhof beland, omdat ik 
niet goed de relevantie onder woorden kon brengen, maar ik heb hier enorm veel van 
geleerd. Daarnaast heb ik ook erg veel plezier gehad tijdens onze overleggen en UPPER 
borrels en kon ik altijd met goede moed weer verder nadat ik met jullie gesproken had.  

Tineke: de dank voor jou valt niet in woorden uit te drukken. Een betere promotor 
kan ik me niet inbeelden. Ik bewonder hoe uitvoerig, gedetailleerd en op een positieve 
manier je feedback geeft, zelfs wanneer je het erg druk hebt. Zonder jouw commentaar 
waren alle teksten een stuk minder mooi geworden. Daarnaast ben je een methodologisch 
wonder; voor alle problemen wist jij oplossingen te verzinnen. Je hebt me veel kennis 
op verschillende vlakken bijgebracht. Naast de inhoudelijke zaken was je ook altijd heel 
enthousiast, betrokken en kon ik altijd bij je terecht wanneer ik onzeker was. Ik kan 
me nog goed de momenten herinneren wanneer ik het even niet zag zitten en je me 
geholpen hebt. Ik heb met veel plezier aan mijn proefschrift gewerkt en jij was daarin 
de belangrijkste factor. Ik mag je ontzettend graag en ik voel me erg bevoorrecht dat ik 
onder jouw vleugels heb mogen werken.  

Hans: ik moet eerlijk bekennen dat ik het in het begin best spannend vond om met 
jou af te spreken, omdat ik je nog niet goed kende. Na de cursus in Sicilië was dit over. 
Het was fijn dat Sanne en ik met jou mee konden rijden naar Weeze en het was leuk 
om je tijdens de reis wat beter te leren kennen. Ik heb vaak moeten lachen door jou 
en jij bracht een gezellige sfeer in de overleggen. Ik heb veel van je geleerd als persoon 
en van je feedback. Jij wist altijd de vinger te leggen op hiaten in de betoogtrant of 
belangrijke zaken die verdere uitleg en/ of uitzoekwerk vereisten. Daarnaast heeft jouw 
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kennis en enthousiasme met betrekking tot neuroticisme ook mijn interesse in deze 
persoonlijkheidstrek getriggerd. 

Jojanneke: vrolijke noot in het gezelschap. Jouw komst als co-promotor bracht veel 
zonneschijn. Zonder jou was er misschien wel geen ‘eigen’ ESM studie gekomen. Het was 
plezierig om samen met jou de UPPER studie op te zetten en uit te voeren! Ik ken niet 
veel mensen die alles zo nauwkeurig overdenken en opschrijven als jij. Wij versterkten 
elkaar wel wat in ons perfectionisme, waardoor we soms in de details verzandden, 
maar gelukkig waren Hans en Tineke er dan weer om finale knopen door te hakken. 
Daarnaast vind ik je zeer getalenteerd op verschillende vlakken in de wetenschap en heb 
ik ongelooflijk veel geleerd van je uitgebreide feedback op mijn stukken.

Esther: ook veel woorden van dank voor jou! Het is jammer dat ik uiteindelijk meer 
de ESM weg ben ingeslagen en er geen tijd meer was voor nog een TRAILS artikel. 
Hierdoor hebben we wat minder samen kunnen werken, maar je hebt me goed geholpen 
bij het depressieve stemming en anhedonie TRAILS artikel. Ik ging altijd met plezier 
weer verder met de statistische analyses na onze afspraken en je hebt me ondersteund bij 
het minder ‘wollig’ schrijven en met het maken van sheets van presentaties (less is more!). 
Ik vond het heel attent dat je met me taart ging eten toen het artikel was geaccepteerd. Ik 
heb ook veel plezier gehad tijdens onze lunches samen. Ik heb bewondering voor jouw 
doorzettingsvermogen in het opzetten van je eigen onderzoekslijn!  

Het was fijn om mijn proefschrift te schrijven op een afdeling met ambitieuze en slimme 
collega’s, maar waarbij de ambitie niet ten koste ging van de sfeer. Mijn ervaring is dat 
iedereen bereidwillig was om elkaar te helpen. Ik wil jullie allemaal erg bedanken voor 
de interessante presentaties, discussies en leuke gesprekken tijdens de lunch en op de 
gang! Een paar mensen wil ik nog in het bijzonder noemen:

Eeske: eigenlijk hoor je, wat betreft mijn laatste jaar, ook bij mijn co-promotoren 
thuis. Dank voor je hulp bij de multi-level analyses in Mplus. Ik vond het super leuk 
om met je samen te werken op onze gezamenlijke ESM artikelen. Ik vind je een 
goede onderzoeker en daarnaast ook nog eens aardig en betrokken. Elske: ik wil jou 
ook bedanken voor je bereidheid om mij te helpen bij het instellen en uitlezen van de 
PsyMates en dat ik af en toe mocht sparren over analyses. Ik bewonder hoe simpel jij 
ingewikkelde dingen uit kan leggen! Harriëtte, Sjoerd, Erwin en Marten: bedankt voor 
jullie inspanningen om bij sommige deelnemers via RoQua de ESM metingen plaats te 
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laten vinden. Gerry, Margo en Martha: dank voor jullie hulp en de leuke babbels!
Mijn 1.09 kamergenootjes Anna Roos, Arunima, Charlotte, Odilia en Petra. Tijdens 

het eerste deel van mijn promotietijd met Anna Roos, Charlotte en Odilia op de ‘speelgoed’ 
kamer. We zijn alle vier best wel verschillend, maar we konden het goed vinden samen 
op de kamer! Ik mis nog vaak de gezellige lunches en de hilarische momenten op de 
kamer met SPSS geluidjes, schietpistool sessies en het maken van motivation toys 
(met als hoogtepunt de door Charlotte en mij beplakte bewegende hond voor Anna 
Roos). Het was heel fijn dat we elkaar goed konden troosten wanneer we ‘in staat van 
ontbinding’ waren. Ook buiten het Triadegebouw waren er gezellige momenten met o.a. 
bezoekjes aan Den-Haag en Zoetermeer, geiten knuffelen, het hilarische ritje in Anna 
Roos haar oude fiat, taart momenten en etentjes. Arunima en Petra: ik heb ook een erg 
fijne tijd gehad met jullie als kamergenootjes! We waren vaak hard aan het werk met 
z’n drietjes, maar er waren ook leuke momenten tussendoor. Ik was blij dat jullie mijn 
liefde voor zoetigheid deelden: we hebben met z’n drieën erg veel gesmuld op de kamer 
J. Daarnaast waren er ook de leuke wandelingetjes langs de eendjes, etentjes en het 
Efteling uitje. Petra, het was ook leuk om samen met jou af en toe te sporten bij de Aclo, 
we deden het veel te weinig om te compenseren voor al die chocolade, maar het was wel 
heel gezellig! Odilia en Petra: heel fijn dat jullie mijn paranimfen willen zijn! 

De ‘bijna’ kamergenootjes (met zo’n dunne wand was het bijna 1 kamer ;-)) Sanne, 
Nynke, Bertus en Nikolaos. De borrels en etentjes waren altijd gezellig! Ik vond het heel 
fijn dat ik altijd bij jullie terecht kon als ik met iets zat of een vraag had. Sanne en Nynke, 
het was plezierig om samen met jullie in de laatste fase van het promotietraject te zitten. 
De schrijfavonden waren erg motiverend. Ook dank voor alle gezelligheid buiten het 
werk om en op het congres in Londen. Sanne, het was ook leuk om samen met jou naar 
de stress cursus in Erice te gaan en om daarna nog in Palermo te ontspannen. Bertus, 
je bent een levende encyclopedie wat het leuk maakt om met je te praten over van 
alles en nog wat. Ook was het leuk om samen met jou en Odilia naar het congres in 
Lausanne te gaan. Nikolaos: thanks for your interesting discussions, nice drawings and 
your comforting words and the nice cup of tea when I was sad after bad news. 

Vera, Charlotte, Maurits, Eeske en Dennis: jullie ook bedankt voor de gezelligheid 
tijdens etentjes, borrels en WK voetbal kijkavonden.  

Dennis: het opvragen van TRAILS data liep vaak uit op een grappige 
e-mailuitwisseling en later stuurde je ook af en toe erg grappige What’s app berichten: 
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dank voor alle pretmomenten die je me bezorgd hebt! Het hoogtepunt was Pasen vorig 
jaar. Je was vrijwel gelijk bereid om mijn partner in crime te zijn bij het verstoppen 
van chocolade eieren in alle ICPE en RGOc kamers in het Triadegebouw. Zonder jou 
durfde ik sommige kamers niet eens binnen te gaan en het was me nooit gelukt om in 
mijn eentje tussen half 8 en 8 uur bijna 100 eieren te verstoppen. We hebben nog veel 
napret gehad en gelukkig kon ik bij jou na de actie mijn zorgen uiten over het smelten 
van de eieren in de vensterbanken en het vergeten van twee kamers. Bedankt (ook voor 
het geheim houden)!

Michelle: bedankt voor alle informatie die je hebt gegeven over het opzetten van 
jouw neuroticisme studie, deze was erg bruikbaar voor onze studie. Jorien: het was leuk 
om af en toe te gaan eten en borrelen na onze samenwerking tijdens het schrijven van 
onze mastertheses. Lisette: jouw goede begeleiding gedurende mijn masterthese heeft een 
goede basis gelegd voor de start van mijn PhD.

Ook wil ik alle stagiaires op het UPPER project bedanken. Jolien en Anthea: 
wat had ik zonder jullie gemoeten? Jullie hebben bergen werk verricht in het maken 
van draaiboeken, de benadering van onderzoeksdeelnemers, introductiesessies en 
fMRI sessies. Jullie enthousiasme en talent om deelnemers te motiveren heeft ertoe 
bijgedragen dat we een hoge response rate hadden. Het was ook fijn dat jullie, samen 
met Elise en Gerda, bereid waren om in de avonduren fMRI sessies uit te voeren. Soms 
zaten we wel tot 23.00 uur in de kelder van het NIC, maar met jullie was dat totaal 
niet vervelend, des te meer dankzij jullie kookkunsten. Elise: bedankt voor je inzet bij 
de fMRI dataverzameling en de mooie scriptie die je hebt geschreven over de sociale 
feedback taak. Leuk dat we nu collega’s zijn! Mahtab en Anne: dank voor het schrijven 
van jullie interessante verslagen op UPPER data. Het was een genoegen om jullie 
allemaal te begeleiden. Door jullie ben ik erachter gekomen dat ik veel plezier haal uit 
het begeleiden van studenten.  

Gerda: ook heel veel dank gaat uit naar jou. Het was fijn dat jij voor ons in de 
avonduren de fMRI scanner wilde bedienen. Je deed je werk zeer nauwkeurig en kon 
deelnemers goed op hun gemak stellen en uitleg geven. Daarnaast ben je ook nog eens 
een heel gezellig mens, we hebben veel gelachen met z’n allen in de kelder. Anita en 
Judith: jullie ook bedankt voor het scannen van onze deelnemers overdag. 
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Ook wil ik mijn dank uitdrukken voor alle deelnemers die mee hebben gedaan aan de 
onderzoeken. Jullie deelname is van onschatbare waarde.

Ik wil hierbij ook alle nieuwe collega’s bij Klinische psychologie en experimentele 
psychopathologie aan de RuG bedanken. Ik voelde me gelijk thuis op mijn nieuwe 
werkplek en dat heb ik aan jullie te danken. Ik wil een paar mensen in het bijzonder 
bedanken. Peter: dank voor de mogelijkheid om voor jou te werken terwijl mijn 
proefschrift nog niet helemaal af was en dank voor je betrokkenheid bij de afronding. 
Ik vind het leuk om met je samen te werken op verschillende projecten en ik word erg 
geprikkeld door jouw enthousiasme! Marije: dank voor de prettige ‘mentorgesprekken’ 
het afgelopen jaar. Ik kijk er naar uit om binnenkort met je samen te werken op ESM 
artikelen. Lonneke: bedankt voor het checken van mijn inleiding en discussie op Engelse 
taalfouten. Johan: dank voor je steun toen mijn proefschrift ‘ineens’ al bij de leescommissie 
lag. Last but not least, Judith: ik heb het erg getroffen met jou als kamergenoot. 

Ik ben de leescommissieleden zeer dankbaar voor hun bereidheid mijn proefschrift te 
beoordelen en plaats te nemen in de corona: Prof. P. Kuppens, Prof. M.L. Peters en Prof. 
R. Sanderman. 

Marlies: dank voor het maken van de prachtige omslag en voor de lay-out van het 
binnenwerk. Ik ben er heel blij mee!

Ik weet niet of er een proefschrift was geweest zonder leuke etentjes, kopjes thee met 
lekkers, glazen wijn en gezelligheid met vrienden en vriendinnen, die mij dwongen om 
niet alleen met werk bezig te zijn. Trijneke: het is alweer bijna 25 jaar geleden dat onze 
vriendschap begon met het wipwappen, wat hebben wij veel gedaan samen! Pauline: 
ook wij kennen elkaar al erg lang van vioolles en zijn nog steeds bevriend, ik waardeer 
jouw betrokkenheid (zelfs toen je net bevallen was)! Blijvende Maartenscollege vrienden 
Myrthe, Marjolein (voor onder andere de fijne sauna bezoekjes en gezelligheid in Delft) 
en Ate (ik zie je niet vaak meer, maar als je in Groningen bent of wij in Antwerpen is 
het altijd heel gezellig). Psycho’s (+vriendjes) Jacobien, Henk-Jan, Mariska en Ivo: voor 
alle gezelligheid tijdens sinterkerst, oud & nieuw, spelletjesavonden en vakanties naar 
Vlieland en Italië. Esther, Gemma, Johan, Lonneke en Michelle: ook jullie bedankt voor 
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jullie betrokkenheid en de gezellige BBQ en quiz momenten. Daarnaast dank aan oude 
vrienden, oud-studiegenootjes en oud-huisgenootjes (waaronder Roos, Sjoerd, Eelke, 
Melanie, Annika, Mark, Willemijn, Viviana, Maarten). 

Lieve papa en mama: jullie zijn mijn grootste steun door alle jaren heen. Lieve papa: 
ik denk niet dat er veel vaders zijn die wetenschapsartikelen voor dochters uitknippen 
en zo betrokken zijn bij alles! Lieve mama: jij kent mij het beste en ik kan als ik twijfel 
altijd bij jou terecht voor advies of een dikke knuffel. Ook dank voor het checken van 
de Nederlandse samenvatting. Jullie zijn zo ongelooflijk lief! 

Lieve Wouter, grote broer. Misschien ben ik jou wel de meeste dank verschuldigd, 
omdat jij mijn meester was tijdens schooltje spelen in onze kinderjaren. Mogelijk had ik 
zonder mijn voorsprong bij het lezen in groep 3, het niet tot dit proefschrift geschopt. 
Je kijkt misschien tegen dit hele gebeuren op, maar echt, een proefschrift schrijven stelt 
niks voor met wat jij bereikt hebt. Ik ben hartstikke trots op hoe jij je weet te redden en 
ik snap niet hoe jij in vergelijking met mij en anderen in huize Bennik, zo’n talenknobbel 
en kooktalent bezit! Jij bent de liefste broer die op de wereld rondloopt! 

Lieve schoonfamilie (Hermien, Jan, Ans en Tonny): jullie waren ook allemaal 
erg betrokken tijdens de gehele proefschriftperiode. Ik ben heel blij met jullie als 
schoonfamilie! 

Allerliefste Gerard: jij hebt het meest te verduren gehad gedurende de 
proefschriftperiode. Dank voor al het troosten als de spanning wat te hoog opliep (je 
hebt het maar zwaar met een hoog neuroot), voor alle Engelse bijles, voor het checken 
van alle onderdelen van het proefschrift, voor het streng zijn als mijn werkverslaving te 
gek werd en voor nog zoveel meer. Niemand kan beter een glimlach op mijn gezicht 
toveren dan jij. Jij betekent alles voor mij. 
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