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INTRODUCTION 
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Humans are social beings. We have a fundamental, powerful, and pervasive drive to 

establish and maintain strong, stable interpersonal relationships (Baumeister & Leary, 

1995). Establishing and maintaining relationships depends crucially on our ability to 

communicate with others, to share information about our emotions and intentions, to 

understand these in others, and to respond appropriately to others’ needs (Decety, Nor-

man, Berntson, & Cacioppo, 2012). 

 Impairment in social functioning is one of the most prominent and disabling 

features of mental illness (World Health Organization, 2001). Psychiatric symptoms are 

often associated with impairments in social functioning (Fett, Shergill, & Krabbendam, 

2015; Hames, Hagan, & Joiner, 2013). On the one hand, psychiatric symptoms may sig-

nificantly interfere with an individual’s social functioning, which can be a decisive factor 

for a psychiatric diagnosis (American Psychiatric Association, 2013). On the other hand, 

social factors such as low social support and interpersonal stress may contribute to the 

onset, severity, and duration of psychiatric symptoms (Meyer-Lindenberg & Tost, 2012; 

Hames et al., 2013). For example, perceived loneliness and social isolation are strong 

predictors of poor emotional health, especially depression (Joiner, 1997; Cacioppo, 

Hawkley, & Thisted, 2010).  

 Individual differences in the neurobiological systems that are involved in the 

regulation of social interactions may help explain why some individuals show better 

social functioning than others (Kiser, Steemers, Branchi, & Homberg, 2012; Meyer-

Lindenberg, Domes, Kirsch, & Heinrichs, 2011; Meyer-Lindenberg & Tost, 2012; 

Young, 2013c). Yet, despite the emergence of neuroscience in the past decades (see be-

low), little is known about the neurobiology underlying human social functioning. Under-

standing how neurobiological factors help regulate social interaction may be important 

for targeting and treating impaired social functioning in the context of psychopathology. 

This thesis focusses on the neurobiology underlying human social functioning. More 

specifically, it examines the role of serotonin in the regulation of social behavior in indi-

viduals at risk for major depressive disorder (MDD). 

 

1.1 The emergence of social neuroscience 

In the Netherlands, professor and psychiatrist Arie Querido was one of the first clinicians 

to come to the realization that the social context in which patients with mental disorders 

were living, influenced the expression and course of their illness (Querido, 1933). He was 

one of the pioneers of social psychiatry in the Netherlands (Querido, 1933). Social psy-

chiatry is concerned with the influences of the social environment on mental well-being, 

and with the effects of the mentally ill individual on his or her social environment 
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(Bhugra & Till, 2013). Fully established after World War II (Haack & Kumbier, 2012), 

social psychiatry initially focused on the associations between societal factors (e.g., so-

cio-economic status) and mental health. Later studies focused on the effects of childhood 

abuse and family relationships on mental well-being (Kirmayer, Kienzler, Afana, & 

Pedersen, 2010; Scull, 2011; Bhugra & Till, 2013).  

While social psychiatry was a dominant form of psychiatry for several decades 

in the 20
th

 century, the focus on societal and social factors was gradually replaced by a 

focus on the neurobiology of mental disorders (Haack & Kumbier, 2012). This shift in 

focus largely coincided with the discovery of several classes of psychopharmacological 

agents (Hirschfeld, 2000; Scull, 2011). Further, methodological advances in electroen-

cephalography and functional magnetic resonance imaging (fMRI) stimulated the neuro-

science of mental processes (Forbes & Grafman, 2013), a development further accelerat-

ed by the United States National Institute of Mental Health’s “Decade of the Brain” 

(1990-1999). Initially, neuroscience mainly focused on intrapersonal mental processes. 

For example, reviews and perspectives published in Nature Neuroscience in 1998-2000 

described the neuroscience of vision (Driver & Mattingley, 1998; Riesenhuber & Poggio, 

2000) and learning & memory (Buckner, Kelley, & Petersen, 1999; Abbott & Nelson, 

2000; Durstewitz, Seamans, & Sejnowski, 2000), and in the first decade of the 21
st
 centu-

ry also mood (Nemeroff & Owens, 2002; Ressler & Mayberg, 2007) as well as emotion 

regulation and social cognition (Canli & Lesch, 2007). 

Research linking neuroscience to the social world first emerged at the turn of the 

century and was gradually developed (Cacioppo, Berntson, Sheridan, & McClintock, 

2000; Korman, Voiklis, & Malle, 2015). This is also reflected by the launch of two scien-

tific journals in 2006: Social Neuroscience and Social Cognitive and Affective Neurosci-

ence. Moreover, in 2011 the public day of the Brain Foundation of the Netherlands was 

themed ‘Social Brains’.  

Nevertheless, the majority of social neuroscience has been focused on in-

trapersonal processes (Cacioppo & Decety, 2011; Crockett & Fehr, 2014). A popular 

focus has been the study of social cognition and its neuroanatomical underpinnings (Canli 

& Lesch, 2007; Fett et al., 2015; Young, 2013c). The most cited papers in Social Neuro-

science and Social Cognitive and Affective Neuroscience are studies that assessed recog-

nition or evaluation of specific facial emotions in pictures (Ashwin, Chapman, Colle, & 

Baron-Cohen, 2006; Todorov, Baron, & Oosterhof, 2008). While studies in the field of 

social neuroscience have made an important contribution to understanding intrapersonal 

processes (e.g., socio-affective processing), they do not necessarily inform about inter-

personal processes (e.g., dynamics of social interactions), which are considered equally 

important for social functioning (Butler, 2011).  
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Most critically, during social interactions, an individuals’ response to another 

person does not solely depend on characteristics of that individual, but also on character-

istics of the interaction partner and the dynamics between the two (Vallacher, Read, & 

Nowak, 2002). Furthermore, everyday life interactions occur in several different settings 

and typically involve known others, rather than strangers (Tice, Butler, Muraven, & 

Stillwell, 1995). Yet, within social neuroscience the approaches to assess aspects of so-

cial interactions naturalistically in the lab or in real life have thus far been limited. In 

addition, the neurochemistry underlying aspects of social interaction has received consid-

erably less attention than the neuroanatomy. Thus, to further our understanding of the 

neurobiology underlying social interaction, it is important to also study the role of neuro-

chemicals in the regulation of social interaction as it occurs in real life. 

 

1.2 The topic of this thesis 

When studying the neurobiology of social behavior, especially to inform about social 

behavior in the context of psychopathology, serotonin is an important neurochemical for 

several reasons. First, serotonin is a ubiquitous neurotransmitter involved in the regula-

tion of several aspects of social interaction (Kiser et al., 2012; Young, 2013c). Second, 

while there may be other neurochemicals involved in the regulation of social behavior, 

including oxytocin, dopamine, and noradrenaline (Depue & Morrone-Strupinsky, 2005; 

Meyer-Lindenberg et al., 2011; Tse & Bond, 2002a), serotonin has also often been stud-

ied in relation to psychopathology, including depressive disorders (Albert, Benkelfat, & 

Descarries, 2012; Blier & El Mansari, 2013; Lucki, 1998; Maron & Shlik, 2006), more so 

than oxytocin, dopamine, and noradrenaline (Albert & Benkelfat, 2013; Blier & El Man-

sari, 2013).  

The study of the role of serotonin in social interaction is particularly relevant in 

the context of MDD. As I will show below, on the one hand individuals diagnosed with 

MDD tend to show impaired social functioning (Hames et al., 2013; Hirschfeld et al., 

2000). On the other hand, MDD has been associated with alterations in the serotonin 

system at multiple levels. As illustrated in Figure 1, given that (I) MDD has been associ-

ated with problems in social interaction, and (II) MDD has been associated with disturb-

ances in the brain serotonin system, it follows that (III) serotonin is involved the regula-

tion of social interaction in MDD. Previous evidence for associations among MDD, im-

pairments in social interaction, and alterations in serotonin is discussed below. 
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Figure 1. Major Depressive Disorder (MDD), social interaction, and serotonin. I, II, and III are 

described in the text. 

 

I - MDD and social functioning 

MDD is a highly prevalent mental disorder. Approximately 15-20% of humans receive 

this diagnosis at some point in their lives (Kessler et al., 2003; de Graaf, Ten Have, & 

van Dorsselaer, 2010). Following the current edition of the Diagnostic and Statistical 

Manual of Mental Disorders, a major depressive episode is characterized by depressed 

mood or anhedonia, or both, for at least 2 weeks, combined with a variety of cognitive 

and behavioral symptoms, causing significant distress or social impairment (American 

Psychiatric Association, 2013). While patients with MDD can be treated with antidepres-

sants, psychotherapy, or both, the symptom recurrence rate is high (Mueller et al., 1999). 

In addition, following each depressive episode, the probability of a new episode increases 

substantially (Solomon et al., 2000). According to World Health Organization predic-

tions, MDD will be the second leading cause of global burden of disease by 2020, and the 

principal cause of global burden of disease in developed countries by 2030 (World Health 

Organization, 2004; Lepine & Briley, 2011).  

MDD patients often show poor social functioning (Hirschfeld et al., 2000; 

Segrin, 2000; Molenaar et al., 2007; Hames et al., 2013). The relationships of depressed 

individuals tend to be marked by dissatisfaction, low intimacy, and rejection (Gotlib & 

Lee, 1989) and they are more negative about their own social functioning than non-

depressed individuals (Whitton, Larson, & Hauser, 2008). This is in line with Beck’s 

cognitive model of depression (Beck, 1967; Beck, 2008) which states that MDD patients 

are often characterized by dysfunctional attitudes and negative cognitive biases of the self 
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and the world around them. Dysfunctional cognitions are thought to negatively contribute 

to the course of MDD (e.g., Beck, 2008). At the social interaction level, disturbances 

have been observed at several phases of the social interaction cycle (Figure 2), including 

MDD patients’ perceptions of others, behavior towards others, perceptions by others and 

behavior towards MDD patients. 

 

1) Perceptions of others 

Depressed patients’ thoughts about others’ intentions may be too negative (Hokanson, 

Rubert, Welker, Hollander, & Hedeen, 1989). In computer tasks MDD patients tend to 

label facial expressions as negative (Hale, Jansen, Bouhuys, & van den Hoofdakker, 

1998; Leppanen, 2006). Further, studies have generally found empathic abilities to be 

lower in depressed individuals compared to healthy controls (for a review, see Schreiter, 

Pijnenborg, & aan het Rot, 2013). Furthermore, the degree of depressive symptoms may 

be negatively associated with empathic abilities. For example, one study found women’s 

depressive symptoms to be negatively associated with their accuracy in inferring part-

ners’ moods (Gadassi, Mor, & Rafaeli, 2011). Impairments in social cognition and em-

pathic abilities represent one potential reason for the interpersonal difficulties of individ-

uals with MDD (Gadassi et al., 2011) because these abilities may govern appropriate 

social behavior (e.g., Cliffordson, 2002).  

 

2) Behavior towards others  

Depressed individuals may act in a way that is less pro-social than non-depressed indi-

viduals (Hokanson, Sacco, Blumberg, & Landrum, 1980), more irritable and hostile (Per-

lis et al., 2005), and more likely to excessively seek reassurance that one is lovable and 

worthy (Hames et al., 2013). The latter may be related to insecure attachment to primary 

caregivers, which has been implicated in both the onset and course of MDD (Hames et 

al., 2013). Further, depressed individuals mimic others’ emotions less compared to 

healthy controls (Wexler, Levenson, Warrenburg, & Price, 1994). Low levels of behav-

ioral mimicry are thought to reflect low prosociality (Chartrand & van Baaren, 2009). 

Furthermore, studies have shown that depressed patients display few positive facial ex-

pressions, often avoid eye contact, and gesticulate little during interactions with others 

(Troisi & Moles, 1999; Youngren & Lewinsohn, 1980). In addition, verbal behavior of 

depressed patients may be impaired as indicated by less speech, longer pauses, and more 

monotonous speech than non-depressed individuals (Alpert, Pouget, & Silva, 2001; 

Mundt, Vogel, Feltner, & Lenderking, 2012). Furthermore, one study found the language 

of depressed individuals to be characterized by more self-focused and negative words 

(Rude, Gortner, & Pennebaker, 2004).  
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Figure 2. Schematic view of depressed patients’ disturbances in distinct phases of the social inter-

action cycle. 

 

In addition to studies that relied on laboratory research, others have assessed the 

social behavior of depressed individuals outside of the laboratory. Using a diary ap-

proach, one study found that depressed individuals reported less enjoyable and less inti-

mate daily interactions compared to non-depressed individuals (Nezlek, Hampton, & 

Shean, 2000). In another diary study, couples rated their own and their partner’s feelings 

(Gadassi et al., 2011). The similarity between the inferences made by one individual 

regarding their partner’s feelings and the actual feelings reported by that partner was 

termed empathic accuracy. In women, depressive symptoms were associated with lower 

levels of empathic accuracy for the negative feelings of their partners (Gadassi et al., 

2011). Yet another study used ecological momentary assessment (EMA, details provided 

in Chapter 2) to assess everyday dominant, submissive, quarrelsome and agreeable be-

haviors, as well as perceptions of the self and others in a sample of working adults with 

varying depression levels (Zuroff, Fournier, & Moskowitz, 2007). Participants with high-

er depression levels reported more submissive behavior (e.g. not giving one’s opinion), 

less dominant behavior (e.g. speaking in a clear firm voice), and higher levels of per-
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ceived inferiority during daily social interactions (Zuroff et al., 2007). Moreover, com-

pared to non-depressed individuals, those with higher depression levels responded with 

fewer agreeable behaviors (e.g.) towards agreeable partners, reflecting a closed–down, 

non-affiliative interpersonal style (cf. Zuroff et al., 2007). Another study used an elec-

tronically activated recorder to assess everyday social behavior of MDD patients more 

objectively (Baddeley, Pennebaker, & Beevers, 2013). Depressed individuals used more 

negative words, particularly in reference to the self (e.g., “I feel guilty”), and particularly 

when interacting with romantic partners. 

 

3) Perceptions by others  

Depressed individuals are often perceived to be less socially competent than non-

depressed individuals (Segrin & Abramson, 1994; Whitton et al., 2008). In one study, 

roommates of depressed students reported low enjoyability of the relationship (Hokanson 

et al., 1989). Further, partners of depressed women showed lower empathic accuracy for 

the depressed women’s negative feelings, compared to partners of non-depressed women 

(Gadassi et al., 2011). 

 

4) Behavior towards MDD patients 

In a recent review it was conceptualized that, while depressive behaviors may initially 

elicit sympathy in others, over time they may aggravate others (Hames et al., 2013). In 

the study by Zuroff and colleagues (2007) that was mentioned previously, it was specu-

lated that a submissive and closed–down, non-affiliative interpersonal style of depressed 

individuals may drive other people away (see also Segrin & Abramson, 1994). Limited 

actual data are available on behavior towards MDD patients. In one study, individuals 

living with a depressed roommate reported more aggressive behavior towards their 

roommate, than individuals living with a non-depressed roommate (Hokanson et al., 

1989). In another study, depressed individuals who excessively sought reassurance were 

shown to elicit rejection from others (Joiner & Metalsky, 1995; Joiner, 2002).  

 

Overall, the above studies show that depression is associated with impaired social func-

tioning at multiple levels, affecting patients and those around them (Figure 2). Notably, 

these impairments are not simply considered consequences or correlates of the disorder. 

Poor social functioning is thought to be a risk factor for depression (Segrin, 2011; Hames 

et al., 2013). In agreement with this, daily diary studies have reported that stress resulting 

from social encounters often precedes depressive symptoms (Gunthert, Cohen, Butler, & 

Beck, 2007; Stader & Hokanson, 1998). Moreover, these depressive symptoms may fur-

ther erode the quality of one’s social interactions, resulting in a negative spiral in which 
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depressive symptoms and impaired social interactions reinforce each other. Over time 

this may contribute to developing a full-blown major depressive episode. This is in line 

with recent ideas, based on network models, how momentary states (e.g., low mood, low 

energy) and experiences (e.g., social stress) over time may result in a cluster of symptoms 

defined as MDD (Wichers, 2014).  

 

II - Serotonin and MDD 

Serotonin is a monoamine neurotransmitter, responsible for chemical signal transduction 

between neurons. The raphe nuclei in the brain stem are the principal source of serotonin 

release in the brain, including the forebrain, amygdala, hippocampus, and cerebellum 

(Nestler, Hyman, & Malenka, 2001). Serotonin has long been considered important in the 

modulation of a wide range of biological functions, including functions that are often 

impaired in MDD such as mood, sleep, memory, appetite, reproduction, and cognition 

(Silber & Schmitt, 2010). More recently, serotonin has also been implicated in the regula-

tion of social behavior (Kiser et al., 2012; Young, 2013c).  

 The idea that serotonin plays a role in the pathophysiology of MDD first 

emerged when reserpine, an alkaloid that depletes serotonin (Shore, Silver, & Brodie, 

1955), precipitated depression in a group of hypertensive patients (Muller, Pryor, Gib-

bons, & Orgain, 1955). Measurement of serotonin metabolites in the cerebrospinal fluid 

confirmed that serotonin turnover might be reduced in some depressed patients (Asberg, 

Thoren, Traskman, Bertilsson, & Ringberger, 1976). Moreover, MDD is associated with 

upregulation of serotonin-1A autoreceptors causing a reduction in serotonergic tone, 

which is in line with reduced levels of the main serotonin metabolite 5-

hydroxyindoleacetic acid observed in some MDD patients (Albert et al., 2012; Mann, 

2013). Other markers of lowered serotonin function in depressed patients include low 

plasma levels of tryptophan, the amino acid precursor to serotonin, and altered serotonin 

receptor and transporter binding (Maes & Meltzer, 1995). Furthermore, reduced neuroen-

docrine responses in studies targeting different serotonin receptors, suggesting decreased 

expression or responsiveness of serotonin receptors, have been reported in depressed 

patients relative to healthy controls (Siever, Murphy, Slater, de la Vega, & Lipper, 1984; 

Cowen & Charig, 1987; Maes & Meltzer, 1995; Mann et al., 1996). However, many 

studies relied on correlational data and therefore do not inform about a causal role of 

reduced serotonin levels in the pathophysiology of MDD. 

Experimental studies in which brain levels of serotonin are manipulated may in-

form about the role of serotonin in the pathophysiology of MDD. However, few options 

exist to do so in humans. One way is through the administration of fenfluramine, which 
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acutely increases serotonin release and thereby elevates prolactin and cortisol responses 

(Nestler et al., 2001). Several studies have observed reduced neuroendocrine responses to 

fenfluramine in depressed patients compared to healthy controls, suggesting altered re-

sponsiveness of the brain serotonin system in depressed individuals (Csernansky & 

Sheline, 1993; Cleare, Murray, & O'Keane, 1998). However, while fenfluramine was 

mainly used as an anti-obesity drug, after reports of heart disease it was withdrawn from 

the drug market in 1997 (Connolly et al., 1997; Weissman, 2001), thus reducing its avail-

ability in research.  

Longer-term treatment (8 weeks) with a selective serotonin reuptake inhibitor 

(SSRI) has been shown to result in significant mood improvement in depressed patients 

(Fu et al., 2004; Sheline et al., 2001). Administrating an SSRI is another way to experi-

mentally manipulate serotonin in humans (cf. Harmer, 2008). In experimental placebo-

controlled studies, administration of SSRIs has been shown to induce a positive bias in 

emotional processing in both depressed and healthy individuals (cf. Harmer, Goodwin, & 

Cowen, 2009; Harmer & Cowen, 2013). In MDD patients treated with an SSRI for 7 

days, changes in emotional processing from negative to positive have been observed in 

the absence of changes in mood (Godlewska et al., 2012). Given that negative emotional 

biases have long been implicated in the etiology and maintenance of depression (Beck, 

Rush, Shaw, & Emery, 1979; Beck, 2008), it has been suggested that antidepressants 

such as SSRIs may work by directly altering the processing of emotional information 

from negative to positive and that this ultimately contributes to mood improvement and 

reduction of other depressive symptoms (cf. Harmer et al., 2009; Harmer & Cowen, 

2013; Wells, Clerkin, Ellis, & Beevers, 2014).  

Another way of manipulating brain levels of serotonin in humans is through ma-

nipulating the brain availability of its amino acid precursor tryptophan (Young & Leyton, 

2002). In humans, tryptophan is an essential amino acid, which means it is not produced 

by the body but has to be obtained from the diet (Wurtman, Hefti, & Melamed, 1980). 

Tryptophan in blood competes with other larger neutral amino acids for transport across 

the blood-brain barrier (Pardridge & Choi, 1986). Therefore, levels of tryptophan in the 

brain do not solely depend on blood (plasma) levels of tryptophan, but are also influenced 

by the plasma ratio of tryptophan relative to the other large neutral amino acids 

(Fernstrom & Wurtman, 1972). In the brain, tryptophan can be converted into serotonin 

via a metabolic pathway consisting of the two enzymes tryptophan hydroxylase and ami-

no acid decarboxylase. Tryptophan hydroxylase is the rate-limiting enzyme in this path-

way. Under physiological conditions, its saturation rate is around 50% (Young & Gauthi-

er, 1981). Therefore, a significant change in tryptophan availability will usually directly 

influence the synthesis of serotonin.  
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Since the seminal study by Young, Smith, Pihl, and Ervin (1985), in which in-

gestion of an experimental amino acid mixture devoid of tryptophan caused a rapid low-

ering of mood in healthy male volunteers, over 400 studies have used this method to 

examine the effects of a temporary lowering in brain levels of serotonin on a wide range 

of functions including the regulation of mood (Booij, Van der Does, & Riedel, 2003; 

Mendelsohn, Riedel, & Sambeth, 2009; Young, 2013a). Human brain imaging studies of 

tryptophan hydroxylase activity have confirmed that this method, best known as acute 

tryptophan depletion (ATD), lowers brain serotonin synthesis substantially, particularly 

in women (Nishizawa et al., 1997). Moreover, studies in rats have shown that ATD re-

duces serotonin release (Moja, Cipolla, Castoldi, & Tofanetti, 1989; Stancampiano et al., 

1997).  

In symptomatic unmedicated MDD patients, ATD appears to have little effect on 

depressive symptoms (e.g., Delgado et al., 1994), possibly because symptom levels are 

already high and cannot increase further. In contrast, in previously depressed patients 

ATD has been shown to result in a temporary reappearance of depressive symptoms 

(Neumeister et al., 1998; Moreno et al., 1999; Booij et al., 2002). These studies indicate 

that decreases in brain serotonin can cause MDD relapse (Figure 3). 

Similar to recovered MDD patients, albeit to a lesser extent, FH+ individuals 

may be prone to mood lowering after ATD (Klaassen et al., 1999; Neumeister et al., 

2002; van der Veen, Evers, Deutz, & Schmitt, 2007). In contrast, never-depressed indi-

viduals without a family history of MDD (FH-) are more likely to be unaffected by the 

mood effects of ATD (Klaassen et al., 1999; Neumeister et al., 2002; van der Veen et al., 

2007). Regardless of family history of MDD, women may be more susceptible to mood 

lowering following ATD than men (Booij et al., 2003). Further, there may be genetic 

factors that influence the response to ATD. For example, individuals carrying one or two 

copies of the short allele of the gene coding for the serotonin transporter may be more 

susceptible to mood lowering after ATD than individuals homozygous for the long allele 

(Neumeister et al., 2002). Moreover, this mood lowering effect of ATD in short allele 

carriers was stronger in FH+ individuals than in FH- individuals. Overall, these studies 

indicate that, in addition to recovered MDD patients, acute decreases in brain serotonin 

can result in mood lowering in never-depressed individuals as well. In never-depressed 

individuals, reduced serotonin function (as reflected by mood lowering response to ATD) 

may be a manifestation of a biological vulnerability to mood lability and possibly MDD 

(Booij et al., 2003; Ruhe, Mason, & Schene, 2007) (Figure 3). 
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Figure 3. Schematic view of the hypothesized role of serotonin in the course of Major Depressive 

Disorder (MDD). 

 

In contrast to the effects of ATD on mood, repeated administration of tryptophan 

has been shown to improve mood in depressed individuals. For example, 12 weeks of 

tryptophan administration improved mood in mildly to moderately depressed individuals 

(Thomson et al., 1982) and 17 days of tryptophan administration improved mood in pa-

tients with premenstrual dysphoric disorder (Steinberg, Annable, Young, & Liyanage, 

1999).  

Administration of tryptophan has been shown to increase serotonin synthesis in 

the monkey brain (Leathwood & Fernstrom, 1990) and cerebrospinal fluid levels of 5-

hydroxyindoleacetic acid, serotonin’s main metabolite, in humans (Young & Gauthier, 

1981). In addition, ingestion of alpha-lactalbumin, a food protein relatively high on tryp-

tophan compared to its competitor amino acids, increases tryptophan access to the brain 

and serotonin release in rats (Orosco et al., 2004). Overall, the effects of tryptophan on 

mood are in line with the effects of SSRIs on mood in MDD patients as mentioned previ-

ously (Fu et al., 2004; Sheline et al., 2001), suggesting that increases in brain serotonin 

can contribute to recovery in MDD (Figure 3). 

 

III - Serotonin and social interaction 

Despite the impairments in social behavior of patients with MDD and the postulated role 

of serotonin in the regulation of mood in MDD patients, little research has focused on the 

effects of serotonergic agents on social behavior in individuals with or at risk for MDD or 

indeed in humans in general.  
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Several studies assessed the effects of ATD on the perception or recognition of 

facial emotion expressions using computer tasks (Harmer, Rogers, Tunbridge, Cowen, & 

Goodwin, 2003; Williams, Perrett, Waiter, & Pechey, 2007; aan het Rot, Coupland, Boi-

vin, Benkelfat, & Young, 2010; Beacher et al., 2011; Passamonti et al., 2012). By and 

large the results indicate that ATD induces a more negative evaluation, and impairs the 

recognition, of static social stimuli. Further, ATD was shown to reduce prosocial behav-

ior in a computerized prisoner’s dilemma game (Wood, Rilling, Sanfey, Bhagwagar, & 

Rogers, 2006). Furthermore, ATD increased impulsive responding towards others in the 

ultimatum game (Crockett, Clark, Lieberman, Tabibnia, & Robbins, 2010).  

Several studies have assessed the effects of treatment with SSRIs on variables 

related to social functioning in MDD patients. These studies all used single-

administration self-reports to assess depressed patients’ behavior towards others (see 

Figure 2). In one placebo-controlled study, 8 weeks of SSRI treatment increased extra-

version, a personality trait characterized by high levels of affiliative behavior (Tang et al., 

2009). This effect was seen over and above the effect of treatment on depressive symp-

toms. In another study, 8 weeks of SSRI treatment reduced subjective hostility 

(Farabaugh et al., 2010). Depressive symptoms were not controlled for in that study, but 

the percentage of patients with reduced levels of hostility was significantly greater than 

the percentage of patients with reduced levels of depressive symptoms. In yet another 

study, anger attacks reduced in 30 out of the 56 patients receiving SSRI treatment for 

several weeks (54%) and in 22 out of the 60 patients receiving placebo (37%), a differ-

ence which was substantial but not statistically significant (Fava et al., 1997). Lastly, 

several studies indicate that 4-12 weeks of treatment with SSRIs may change aspects of 

speech in MDD patients, including a reduction in the number of pauses and an increase in 

the variability in pitch (e.g., Alpert et al., 2001; Mundt et al., 2012). In these studies 

speech improved in treatment responders and not in non-responders. In treatment re-

sponders depressive symptoms were not controlled for. Overall, the studies mentioned 

here provide some evidence for the idea that SSRIs may positively influence the social 

functioning of individuals with MDD. It remains to be determined whether SSRIs (and 

other serotonergic antidepressants) can improve social functioning in depressed patients 

directly or whether initial reductions in depressive symptoms are required. To determine 

if increases in serotonin can directly improve social functioning, studies in never-

depressed individuals may be informative.  

Several studies assessed the effects of increases of serotonin on aspects of social 

interaction in never-depressed individuals. Most of these studies were laboratory-based. 

One study showed that 4 weeks of administration of the SSRI paroxetine decreased sub-

jective irritability and increased affiliative behavior during a dyadic puzzle task (Knutson 
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et al., 1998). In another study, individuals taking the SSRI citalopram for 2 weeks 

showed increased cooperative behavior during a mixed-motive game (Tse & Bond, 

2002b). These studies indicate that experimental increases in serotonin can positively 

influence aspects of social interaction in individuals without any obvious interpersonal 

difficulties.  

Two studies assessed the effects of experimental increases of serotonin on real-

life social interactions (Moskowitz, Pinard, Zuroff, Annable, & Young, 2001; aan het 

Rot, Moskowitz, Pinard, & Young, 2006). Both placebo-controlled studies involved ap-

proximately 2 weeks of administration of tryptophan, the precursor to serotonin. The 

advantage of using tryptophan is that it produces fewer side effects than SSRIs (Young, 

1986). This is relevant as it increases the likelihood of maintaining blind conditions in 

placebo-controlled studies. The studies by Moskowitz et al. (2001) and aan het Rot et al. 

(2006) both employed the EMA method as developed by Moskowitz (1994; see also 

Zuroff et al., 2007; Moskowitz & Sadikaj, 2012) to repeatedly assess the effects of tryp-

tophan on individuals’ behaviors and feelings in everyday social interactions. In the first 

study, healthy volunteers reported less quarrelsomeness when taking tryptophan and no 

significant change in mood (Moskowitz et al., 2001). The second study recruited healthy 

individuals with high trait irritability (aan het Rot et al., 2006). Again quarrelsomeness 

was reduced when participants took tryptophan. Further, tryptophan increased agreeable-

ness and improved mood. Improved mood could partly explain tryptophan’s effects on 

quarrelsomeness but not its effects on agreeableness, suggesting that the increase in 

agreeableness and improvement in mood during the tryptophan treatment occurred during 

different social interactions. In sum, these studies indicate that repeated increases in sero-

tonin in never-depressed individuals may positively impact the social interactions of 

never-depressed individuals.  

The study by aan het Rot et al. (2006) in particular provides evidence for the 

idea that increasing serotonin (1) may promote more positive social interactions and (2) 

serotonin may have similar effects in MDD patients, as highly irritable individuals are 

known to be at risk for MDD (Conner, Duberstein, Conwell, & Caine, 2003). Antidepres-

sants also increase serotonin levels (Blier & El Mansari, 2013). This suggests that sero-

tonergic agents in general might work by directly improving social interactions. These 

effects are thought to occur in repeated cycles of social interactions (Young, Moskowitz, 

& aan het Rot, 2014). During social interactions, an individual’s actions tend to invite a 

complementary response from others (Kiesler, 1983; Orford, 1986). Agreeable behaviors 

tend to evoke agreeable responses and quarrelsome behaviors tend to evoke quarrelsome 

responses. Dominant behaviors are often reciprocated with submissiveness and submis-

sive behaviors often invite dominance (Markey, Funder, & Ozer, 2003; Moskowitz, Ho, 
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& Turcotte-Tremblay, 2007; Sadler, Ethier, Gunn, Duong, & Woody, 2009). Further-

more, individuals usually experience positive affect when behaving agreeably during 

interactions, and negative affect when behaving in a quarrelsome way (Moskowitz & 

Coté, 1995). According to Young et al. (2014), increases in positive social behavior, 

induced by antidepressants that increase brain serotonin levels, will invite more positive 

social responses from others, initiating a cycle or iterative process resulting in improved 

mood. Though the change in mood after each social interaction will be small, after many 

interactions over longer periods of time, especially when with the same person, the effect 

should be much greater and become clinically relevant (cf. Young et al., 2014). 

 

1.3 Studies in family members of patients with MDD 

Similar to the high trait irritable individuals studied by aan het Rot et al. (2006), individ-

uals with a family history of MDD (FH+) constitute a population at high risk for MDD 

(Sullivan, Neale, & Kendler, 2000). Having a first degree relative with depression in-

creases the likelihood of MDD onset by an estimated 2.84 times (Sullivan et al., 2000).  

There is evidence to suggest that FH+ individuals show poorer social function-

ing than FH- individuals (Watters, Gotlib, Harris, Boyce, & Williams, 2013). The diffi-

culties in social functioning in FH+ individuals may be partially caused by subtle im-

pairments in the processing of emotional stimuli (Mannie, Bristow, Harmer, & Cowen, 

2007). Further, most of the published prospective studies (Hirschfeld et al., 1989; Ernst, 

Schmid, & Angst, 1992; Kendler, Neale, Kessler, Heath, & Eaves, 1993; Rorsman, 

Grasbeck, Hagnell, Isberg, & Otterbeck, 1993; Clayton, Ernst, & Angst, 1994) showed 

that individuals with a family history of MDD (FH+) who developed a depressive disor-

der during the follow-up period showed a pre-morbid personality pattern characterized by 

elevated neuroticism and irritability, more subclinical depressive symptoms and anxious-

ness, and higher interpersonal sensitivity, than FH+ individuals who did not develop a 

depressive disorder. This is in line with the idea that poor social functioning may be a 

risk factor for depression (Hames et al., 2013; Hirschfeld et al., 2000).  

When serotonin levels are reduced, FH+ individuals may respond differently to 

emotional information than FH- individuals. For example, one study found that during 

ATD, FH+ individuals performed worse in an emotional processing task, the affective 

go/no-go task, than FH- individuals (Feder et al., 2011). Another study indicated that 

during ATD, FH+ individuals responded slower to positive words compared to FH- indi-

viduals (Firk & Markus, 2008). Yet another study showed that ATD lowered mood in 

FH+ individuals but not in FH- individuals and that in the FH+ group, a stronger mood 

lowering following ATD was associated with worse performance on recognizing the 
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gender of faces expressing negative emotions (van der Veen et al., 2007). Together, pre-

vious research indicates that FH+ individuals may show poorer social functioning than 

FH- individuals and that in FH+ individuals acutely low levels of serotonin may nega-

tively influence the regulation of their affective state as well as impair responses to emo-

tional and social information.  

In sum, the research discussed in this chapter indicates that acute experimental 

decreases in serotonin can negatively impact the regulation of mood in both remitted 

MDD patients (Booij et al., 2003) and in FH+ individuals (Klaassen et al., 1999; 

Neumeister et al., 2002; van der Veen et al., 2007). Acute experimental decreases in 

serotonin may also negatively influence aspects of social functioning in FH+ individuals 

(van der Veen et al., 2007). Studies of the effects of low serotonin on social behavior in 

FH+ individuals may help explain how reduced serotonin may contribute to MDD in this 

population (Figure 3, left part). Conversely, studies of the effects of increased serotonin 

on social behavior may help explain how antidepressants may contribute to recovery of 

MDD (Figure 3). 

 


