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Abstract 

Major depressive disorder (MDD) has been associated with abnormalities in speech and 

behavioral mimicry. These abnormalities may contribute to the impairments in 

interpersonal functioning that are often seen in MDD patients. MDD has also been 

associated with disturbances in the brain serotonin system, but the extent to which 

serotonin regulates speech and behavioral mimicry remains unclear. In a randomized, 

double-blind, crossover study, we induced acute tryptophan depletion (ATD) in 

individuals with or without a family history of MDD. Five hours afterwards, participants 

engaged in two behavioral-mimicry experiments in which speech and behavior were 

recorded. ATD reduced the time participants waited before speaking, which might 

indicate increased impulsivity. However, ATD did not significantly alter speech 

otherwise, nor did it affect mimicry. This suggests that a brief lowering of brain serotonin 

has limited effects on verbal and non-verbal social behavior. The null findings may be 

due to low test sensitivity, but they otherwise suggest that low serotonin has little effect 

on social interaction quality in never-depressed individuals. It remains possible that 

recovered MDD patients are more strongly affected. 
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5.1 Introduction 

Individuals with major depressive disorder (MDD) are often characterized by impair-

ments in social functioning (Hames et al., 2013; Youngren & Lewinsohn, 1980). For 

example, the interpersonal relationships of depressed individuals tend to be marked by 

dissatisfaction, low intimacy, and rejection (Gotlib & Lee, 1989). This may be explained 

by findings indicating that depressed individuals are often less pro-social than non-

depressed individuals (Hokanson et al., 1980), more irritable and hostile (Perlis et al., 

2005), and more likely to seek reassurance excessively (Hames et al., 2013). The risk for 

developing MDD is higher in individuals with a family history of MDD (Sullivan et al., 

2000). In the present work, we sought to study aspects of social interaction in individuals 

with and without a family history of MDD. We specifically investigated the role of sero-

tonin in regulating speech and mimicry. 

The interpersonal difficulties of individuals with MDD may be explained par-

tially by aberrant verbal and non-verbal behavioral patterns during social interaction 

(Segrin, 2000). Compared to non-depressed individuals, symptomatic individuals with 

MDD tend to use more and longer pauses and their speech is relatively monotonous 

(Alpert et al., 2001; Nilsonne, 1988). These speech characteristics have been positively 

associated with depression severity (Mundt et al., 2012). Moreover, depressed individuals 

are considered more self-focused when interacting with others and tend to use more nega-

tive words (Baddeley et al., 2013; Rude et al., 2004). In short, both the prosody and the 

verbal content of speech appear to be altered during depression. 

Concerning non-verbal social behavior, depressed individuals engage less in eye 

contact, use fewer gestures (e.g., Kazdin, Sherick, Esveldt-Dawson, & Rancurello, 1985; 

Troisi & Moles, 1999) and show a less expressive facial muscle activity pattern when 

asked to imagine happy or sad events (Gehricke & Shapiro, 2000; Schwartz, Fair, Salt, 

Mandel, & Klerman, 1976), compared to non-depressed individuals. Moreover, sympto-

matic patients mimic others less—they do not automatically respond with facial emotions 

to the expressions of others (Wexler et al., 1994). These findings are consistent with 

results from a study in which healthy volunteers watched a video with a pen-playing 

experimenter. Whereas individuals in a positive mood unintentionally mimicked the pen-

playing behavior, those in a negative mood did not (van Baaren, Fockenberg, Holland, 

Janssen, & van Knippenberg, 2006). Unintentional behavioral mimicry refers to the au-

tomatic and unconscious imitation of another person’s emotional (including facial) ex-

pressions, posture, and movements (Chartrand & Bargh, 1999). Unobtrusively mimicking 

someone may facilitate liking and elicit more pro-social behavior from others (Chartrand 

& Bargh, 1999; Chartrand & van Baaren, 2009). As such, mimicry is considered a part of 
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good social interactions. However, the study by van Baaren et al. (2006) suggests that 

negative mood, which includes depression, may interfere with mimicry. 

These studies indicate that depressed individuals may display a range of behav-

ioral deficiencies during social interaction. Social skills impairments may hamper the 

acquisition of positive reinforcement from the social environment (Segrin, 2011). Addi-

tionally, while non-depressed people initially may be sympathetic towards people dis-

playing depressive behaviors, they often become frustrated and rejecting (Hames et al., 

2013). Low positive reinforcement and interpersonal rejection may be present before the 

depression and contribute to its development (Hames et al., 2013; Segrin, 2011). When 

subsequently present during the depression, these social impairments may also interfere 

with recovery (Hames et al., 2013; Segrin, 2011). 

Social impairments in MDD may be explained by alterations in brain serotonin 

functioning. MDD has often been associated with disturbances in the serotonin system 

(Mann, 2013). Experimental evidence suggests that reductions in serotonin levels may 

elicit depression: Acute tryptophan depletion (ATD), which temporarily reduces brain 

serotonin, induces transient depressive symptoms in recovered MDD patients (Young, 

2013c) and also tends to result in a worsening of mood in never-depressed individuals 

with a family history of MDD (Benkelfat, Ellenbogen, Dean, Palmour, & Young, 1994; 

however see Ellenbogen et al., 1999; Klaassen et al., 1999). In contrast, individuals with-

out a personal or family history of MDD are often unaffected by the mood effects of 

ATD. These findings have been taken to mean that vulnerability to MDD may be ex-

plained by abnormal serotonin functioning. As MDD includes social impairments, these 

may be explained by serotonin abnormalities as well. 

In line with this, a small number of studies has assessed the role of serotonin in 

social behavior in MDD patients. In one study, 12 weeks of antidepressant treatment with 

the selective serotonin reuptake inhibitor (SSRI) sertraline reduced pause duration and 

improved pitch variation during a semi-structured social interaction (Alpert et al., 2001). 

Further, it has been shown that MDD patients who responded to 4-6 weeks of treatment 

with sertraline showed significantly increased pitch variability and fewer pauses during 

structured clinical interviews (Mundt, Snyder, Cannizzaro, Chappie, & Geralts, 2007; 

Mundt et al., 2012). Furthermore, Stassen et al. (1998) studied 43 depressed patients 

receiving antidepressants in their first two weeks of treatment and found increases in 

pitch variability and decreases in pause duration. These studies suggest that serotonin 

may regulate verbal social behavior in individuals with MDD.  

Studies in never-depressed individuals have also assessed the role of serotonin 

in non-verbal social behavior. ATD has previously been found to decrease cooperative 

behavior during the prisoner’s dilemma game (Wood et al., 2006) and increase antagonis-
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tic responses and impulsive choices in the ultimatum game (Crockett et al., 2010). Con-

versely, administration of citalopram for 2 weeks increased cooperative behavior and 

stimulated a more dominant pattern of eye contact during speech (Tse & Bond, 2002b). 

The idea that serotonin may also help regulate non-verbal social behavior is in line with a 

larger body of research suggesting that serotonin modulates social behavior in animals 

other than humans (Kiser et al., 2012; Young, 2013c).  

In the present study, we examined the effects of ATD on multiple measures of 

verbal and non-verbal social behavior in never-depressed individuals with and without a 

family history of depression (FH+ versus FH-). We studied FH+ individuals because they 

are at increased risk for developing MDD (Sullivan et al., 2000) and have been found to 

exhibit subtle impairments in the processing of emotional stimuli (Mannie et al., 2007; 

Mannie, Taylor, Harmer, Cowen, & Norbury, 2011) that may help explain their elevated 

MDD risk. Previous studies have indicated that the emotional processing impairments of 

FH+ individuals may be exacerbated by ATD (Feder et al., 2011; Firk & Markus, 2008). 

FH+ individuals have also shown more pronounced abnormalities than FH- individuals in 

responding to negative facial emotion expressions and other negative affective infor-

mation after ATD (van der Veen et al., 2007). Thus, ATD might differentially influence 

responses to affective stimuli, including socially relevant stimuli, in FH+ versus FH- 

individuals. 

With respect to verbal social behavior, we hypothesized that ATD would in-

crease the number and duration of pauses, and decrease pitch variability while speaking. 

This would be in line with previous studies showing that antidepressant treatment has the 

opposite effects on speech (e.g., Alpert et al., 2001; Mundt et al., 2007; Mundt et al., 

2012). We also explored whether, similar to symptomatic MDD patients (e.g., Alpert et 

al., 2001; Mundt et al., 2007; Mundt et al., 2012) participants would use more self-

references, more negative words, and fewer positive words after ATD. In line with the 

previously observed effects of ATD on socio-affective processing (Feder et al., 2011; van 

der Veen et al., 2007), we expected the effects of ATD on verbal social behavior to be 

stronger in FH+ individuals than in FH- individuals.  

With respect to non-verbal social behavior, we hypothesized that ATD would 

lower behavioral mimicry. This hypothesis follows from previous studies showing that 

ATD may decrease prosocial responses to others (Wood et al., 2006). Behavioral mimic-

ry is considered a form of prosocial behavior (Chartrand & van Baaren, 2009). Moreover, 

individuals mimic others less when their mood is worse (van Baaren et al., 2006), and 

low mood after ATD is more common in FH+ compared to FH- individuals (Benkelfat et 

al., 1994; Klaassen et al., 1999). Therefore, ATD may particularly decrease mimicry in 

FH+ individuals. 
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5.2 Methods 

Participants 

The study was approved by the Medical Ethics Committee of the University Medical 

Center Groningen. Participants provided informed consent after an extensive study 

explanation and were reimbursed for their time. 

Participants were men and women with (FH+) or without (FH-) a family history 

of MDD. FH+ individuals were recruited via their diagnosed family members (i.e., 

probands). Probands heard about the study via their health care provider or via 

advertisements. Upon contacting the lab, they were provided with some study 

information and asked whether they had any never-depressed, first-degree family 

members (parents, siblings, or children) who might be interested in the study. If so, we 

asked probands for consent to contact their health care provider to verify the MDD 

diagnosis. Psychiatric co-morbidity was permitted, with the exception of current or past 

(hypo)mania. Once the MDD diagnosis of the proband was confirmed, we recruited 

interested family members. FH+ individuals were eligible for study participation if they 

met the following inclusion criteria: at least one first-degree relative with a lifetime 

DSM-IV diagnosis of MDD, age 18-65 years, no current or past mood disorder, no other 

current DSM-IV Axis-I disorder, no current major medical illness, and no use of 

psychotropic medications. Screening was performed with the Structured Clinical 

Interview for DSM-IV Axis I disorders (SCID-I) (First et al., 2002) and the family history 

method described by Andreasen et al. (1977). 

FH- was defined as having no first- and second-degree relatives with a possible 

(history of) mood disorder. FH- individuals were recruited using advertisements on 

campus and via a paid participant pool of the University of Groningen. With the 

exception of the family history criterion, inclusion criteria were identical to those for FH+ 

individuals. The two groups were matched for gender, age, and education. 

 The details of the screening phase can be found in the Supplementary Material 

(see page 86). Forty-four participants started the study. Four participants dropped out (3 

vomited within the first hour of amino acid mixture ingestion on the first test day, 1 par-

ticipant felt sick after the first test day). The results are described for 10 men and 10 

women in the FH+ group (all children or siblings of MDD patients, including one pair of 

brothers and two pairs of sisters) and 10 men and 10 women in the FH- group (all from 

different families). There were no significant group differences in terms of participant 

characteristics (Table 1). 

 This study is part of a more comprehensive project assessing the role of 

serotonin in social behavior. Detailed information including an overview of all measures 
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that were included in this project can be found at Clinical Trials.gov (NCT020051530). 

Further, 11 FH+ participants in the present study also participated in a related project 

which is registered at Clinical Trials.gov (NCT02051569). 

 

Study design and overview 

On one of the test days, to induce ATD participants ingested an amino acid mixture that 

did not include tryptophan. On the other test day, as a control, participants ingested a 

nutritionally balanced mixture that included tryptophan and was otherwise identical. The 

control mixture weighed 103 g for men (including 2.3 g tryptophan; (Young et al. 1985)) 

and 86 gram for women (including 1.9 g tryptophan; (Ellenbogen et al. 1996)). 

 The treatments were administered under double-blind conditions. Treatment 

order was randomized by group (FH+, FH-) and gender (male, female) in blocks of four. 

Just prior to ingestion, water, chocolate syrup or orange juice, and sodium cyclamate 

were added. In the FH+ group, 11 participants received ATD first and 9 received the 

control mixture first. In the FH- group, 9 participants received ATD first and 11 received 

the control mixture first.  

 

Table 1. Participant characteristics 

 Group 

FH- (n = 20) FH+ (n = 20) 

Age in years, mean (SD) 21.9 (2.2) 22.2 (3.3) 

Occupation (% Student) 90 95 

Body Mass Index (kg/m2), mean (SD) 23.0 (2.1) 22.2 (2.8) 

Smoking status (% yes) 30 25 

There were no significant group differences by T-test (p> 0.25 for all). 

 

Biochemical analysis 

Fifteen minutes before and 5 h after ingestion of the amino acid mixtures, blood samples 

were collected by venipuncture in 10mL vacutainer tubes containing K2EDTA solution as 

anticoagulant. Two morning samples could not be obtained. Blood samples were centri-

fuged at 2500g for 10 min at 4 ◦C within 30 min after collection. Plasma was then trans-

ferred to glass tubes and samples were stored at −20 ◦C until analysis. Total plasma tryp-

tophan concentrations were determined using an automated online solidphase extraction-
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liquid chromatographic-tandem mass spectrometric (XLC-MS/MS) method with deuter-

ated internal standards. Quality control and method validation have been previously de-

scribed (de Jong et al., 2009). 

 

Test measures 

Depression 

Baseline depressive symptoms were assessed using a Dutch version of the Quick Invento-

ry of Depressive Symptomatology (QIDS-SR) (Rush et al., 2003). 

 

Mood state 

A Dutch version of the Positive Affect and Negative Affect Schedule (PANAS, Peeters et 

al., 1996) was administered repeatedly during the test days. The PANAS included 10 

positive affect (PA) and 10 negative affect (NA) items that were rated on a 5-point Lik-

ert-scale. The positive and negative item scores were used to calculate PA and NA, re-

spectively. 

 

Behavioral mimicry  

Participants completed two tasks that were both videotaped. The first task was adapted 

from Stel, van Baaren, and Vonk (2008). Participants viewed two short film clips (~ 1 

min) in which a female confederate talked about her daily activities while touching her 

face 4-6 times. After each clip, participants were asked to summarize what was said in 

the clip. Two different sets of clips, equal in length and the amount of face-touching, 

were presented in random order across the two test days. After the study, two raters cod-

ed how often participants touched their face and other upper body parts while viewing 

each clip. Analogous to van Baaren and colleagues (2006), only touches that occurred 

within 10 seconds of the confederate touching her face were coded as mimicry. The inter-

rater reliability (r) was 0.90. 

In the second task, participants described four pictures during a short interview. 

Analogous to Chartrand and Bargh (1999), they were seated on chairs arranged in a 90-

degree angle vis-à-vis the experimenter with a white lab coat and clipboard (KH). The 

experimenter asked what participants saw in each picture and what associations or feel-

ings it elicited. When the participant described the pictures, the experimenter was either 

constantly shaking his foot or bouncing his knee. The order of the two conditions was 
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randomly distributed over the participants. After the study, two raters coded the vide-

otapes. The outcome variable was the percentage of time the participant mimicked the 

experimenter’s behavior, i.e. foot shaking when the experimenter was shaking his foot 

and knee bouncing when the experimenter was bouncing his knee (see also Lakin & 

Chartrand, 2003). The inter-rater reliability (r) was 0.92. All raters worked independently 

and were blind to mixture and group. 

 

Speech 

During both mimicry tasks, speech was recorded. Speech during the first, more structured 

task was analyzed for pauses and pitch. Because the use of pauses may be influenced by 

the time participants take before they start speaking, two raters first determined the time 

between the end of each video clip and the start of speech. This ‘preparation time’ was 

expressed as a percentage of the total time the participant took to describe the clip, in-

cluding pauses. Second, analogous to Stassen et al. (1998), raters determined the number 

of pauses per second (only pauses longer than 250ms were included), the mean pause 

duration (in ms), and speech time (excluding pauses and expressed as a percentage of the 

total recording). The inter-rater reliability for pause detection was 0.97. After removing 

the pauses, pitch characteristics were determined using the software Praat (Boersma & 

Weenink, 2010). Each sound file was organized into 20 frames per second and the mean 

and standard deviation of pitch were calculated using a freely available script (retrieved 

from www.fon.hum.uva.nl/praat/manual on March 1, 2014). 

Speech during the second, more unstructured, mimicry task was analyzed for 

content. Transcripts made by one rater were checked by another rater. Using the Dutch 

dictionary of the software Linguistic Word Inquire Count (Zijlstra, van Meerveld, van 

Middendorp, Pennebaker, & Geenen, 2004), we determined the percentage of self-

references (e.g., ‘I’), positive words (e.g., ‘nice’), negative words (e.g., ‘ugly’), and social 

words (e.g., ‘together’) as a function of the total number of words. 

 

Procedures 

Test days were separated by at least 3 days (mean 7.8 days). As in previous studies (e.g., 

Ellenbogen et al., 1999), women were tested in the follicular phase of the menstrual cy-

cle. Except for toilet visits, participants remained in a room including a desk, lounge 

chair, and TV with DVD player. On both test days, to control light exposure during the 

day, window blinds and curtains were closed and standard room lighting turned on. The 

experimenter was present in an adjacent room. Before each test day, participants main-
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tained a 24-hour low-protein diet. They arrived in the lab at 08:30 am the next day, fol-

lowing an overnight fast. Mobile devices were switched off. Urine was tested for recent 

illicit drug use (Triage™ Panel for Drugs of Abuse, Biosite Incorporated®, San Diego, 

CA), and in women, for pregnancy (QuickVue hCG urine test, Quidel, San Diego, CA). 

Then baseline depressive symptoms and mood state were assessed. Approximately 15 

minutes after arrival, a first blood sample was drawn. Subsequently, participants were 

given up to 30 minutes to ingest the amino acid mixture. Afterwards (t0), participants 

could study, read, and watch a limited set of movies, but not sleep. No other food or bev-

erages were allowed until the end of the testing 7 hours after mixture ingestion, except 

tap water was available ad lib. Mood state was reassessed at 5, 6, and 7 hours after mix-

ture ingestion (t5, t6, and t7, respectively). Between t5 and t6 a second blood draw took 

place and behavioral mimicry and speech were assessed. Between t6 and t7, we adminis-

tered a cognitive empathy task (data not presented here). After the final mood assess-

ment, participants were given a sandwich and 2 capsules with 500 mg tryptophan 

(Elvitaal
TM

, Lunteren, The Netherlands) before returning home. Participants received 

follow-up telephone calls in the evening and the next day.  

 

Data analysis 

Baseline differences between the FH groups were examined using t-tests (Table 1). 

Morning baseline differences were investigated using general linear models with Group 

(FH+, FH-) as between-subjects factor and Mixture (ATD, Control) as within-subjects 

factor. All models included Mixture, Group, and their interactions. T-tests and general 

linear models were performed in SPSS 17.0. 

The main outcome variables were pauses per second, mean pause duration, 

speech time, preparation time, pitch, variation in pitch, and mimicry in task 1 and mimic-

ry in task 2. We also examined word use in terms of the positive words, negative words, 

social words, and self-references. We analyzed the data using multilevel models, with 

maximum likelihood estimation to calculate the denominator degrees of freedom follow-

ing Satterthwaite’s approximation for the fixed effects tests. Multilevel models were 

analyzed using R v3.0.2 (www.r-project.org). 

The primary analyses aimed to assess the effects of ATD on speech and mimic-

ry. For all speech and mimicry variables, the initial models considered Mixture, Group, 

and the Mixture-by-Group interaction. We had no a priori hypotheses about Gender or 

Mixture-by-Gender effects on speech and mimicry. However, as women may be more 

susceptible to the mood effects of ATD (Booij et al., 2003), we added Gender as a co-



Speech and behavioral mimicry after tryptophan depletion 

 77 

variate to the analyses described above. Subsequent models considered Mixture, Group, 

the Mixture-by-Group interaction, Gender, and the Mixture-by-Gender interaction. 

Secondary analyses considered the effects of ATD on plasma tryptophan and 

mood state. For plasma tryptophan levels, the models considered Mixture, Group, Sample 

(morning, afternoon) and their interactions. For PA and NA the models considered Mix-

ture, Group, Time (4 levels: t0, t5, t6, and t7), and their interactions. 

Significance was set at 0.05. Significant interaction terms in Type III tests were 

analyzed post-hoc using simple contrasts using Tukey-Kramer corrections for multiple 

comparisons. Findings are reported using estimated least-squares means and standard 

errors of the mean (SEM). 

 

5.3 Results 

Baseline measurements 

For morning QIDS scores there were no significant effects for Mixture (p = 0.74) and 

Group (p = 0.09). The Mixture-by-Group interaction was significant (F(1,37) = 4.55, p = 

0.04), but none of the post-hoc simple contrasts were (all p’s > 0.06), indicating QIDS 

scores were similar across the test days for both FH groups. All participants scored < 8 on 

the QIDS. 

 

Verbal behavior 

Pauses  

The mean number of pauses per second was 0.26 (SEM= 0.007). There were no 

significant effects for Mixture, Group, and Mixture-by-Group (see Table 2, page 79). The 

effect for Gender was significant (F(1,40) = 21.19, p< 0.001, d = 1.46). Men (M = 0.30, 

SEM = 0.013) had more pauses than women (M = 0.22, SEM = 0.013). Secondary 

analyses showed no significant Mixture-by-Gender interaction (p = 0.62).  

 The mean pause duration was 816 ms (SEM = 19). There were no significant 

effects for Mixture and for the Mixture-by-Group interaction (Table 2, page 79). The 

main effect for Group was significant (F(1,38) = 4.54, p = 0.04, d = 0.68). The mean 

pause duration was longer in FH+ individuals (867 ms [SEM 35.5]) than FH- individuals 

(749 ms [SEM 35.6]). The effect for Gender was also significant (F(1,39) = 7.66, p = 

0.009, d = 0.89). Mean pause duration was longer for men (M = 882 ms, SEM = 35.5) 

than for women (M = 749 ms, SEM = 35.6). Secondary analyses showed no significant 

effect for the Mixture-by-Gender interaction (p = 0.38).  
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As the effect for Group was significant in the primary analyses, we repeated the 

secondary analyses with the Group-by-Gender interaction added to the analysis. This 

interaction was not significant (p = 0.59). 

 

Speech time 

There were no significant effects for Mixture, Group, and the Mixture-by-Group 

interaction (Table 2). The effect for Gender was significant (F(1,40) = 21.32, p< 0.001, d 

= 1.46). The mean speech time was shorter for men (M = 64.71%, SEM = 1.37%) than 

for women (M = 73.31%, SEM = 1.37%). In secondary analyses the Mixture-by-Gender 

interaction was not significant (p = 0.09). 

 

Preparation time 

The main effect for Mixture was significant (F(1,118) = 4.18, p = 0.04, d = 0.37). The 

preparation time was shorter after ATD (2682 ms [SEM 292]) than after the control 

mixture (3309 ms [SEM 289]) (Figure 1). There were no significant effects for Group and 

for the Mixture-by-Group interaction (Table 2). The effect for Gender was not significant 

(p = 0.46). In the secondary analyses, the Gender-by-Mixture interaction was not 

significant (p = 0.11).  

 

Figure 1. Preparation time (ms) before speaking for the Control and ATD condition (values are 

estimated least squares means and standard errors). *p< 0.05 



 

 

 

Table 2: Means (SEM) for men and women and for the two FH groups on both test days and F-values for the effects of Mixture, Group, and the Mixture-by-

Group interaction on speech and mimicry. 

 Men Women FH- Control FH- ATD FH+ Control FH+ ATD 
Effect of 

Gender 

Effect of 

Mixture 

Effect of 

Group 

Effect of 

Mixture 

by Group 

Pauses per second 0.30 (0.01) 0.22 (0.01) 0.27 (0.01) 0.26 (0.01) 0.25 (0.01) 0.26 (0.01) 21.19*** 0.001 0.649 0.91 

Pause duration (ms) 882 (35.5) 749 (35.6) 737.01 (41.11) 791.26 (41.99) 877.66 (41.83) 856.19 (42.07) 7.66** 0.284 4.543* 1.515 

Speech time (s) 64.71 (1.37) 73.31 (1.37) 70.04 (1.50) 71.34 (1.52) 66.57 (1.50) 68.09 (1.50) 21.32*** 2.701 3.248  0.016 

Preparation time (ms) 
3114.45 

(348.83) 

2876.86 

(346.19) 
3357.63 (408.38) 2402.77 (417.30) 3261.00 (408.38) 2961.25 (408.38) 0.56 4.18* 1.40 0.01 

Mean pitch 126.55 (3.21) 201.05 (3.20) 160.65 (3.37) 165.34 (3.40) 165.26 (3.37) 163.95 (3.37) 291.83*** 1.278 0.137 4.025* 

Pitch Variation 4.97 (0.39) 5.36 (0.38) 5.78 (0.42) 5.48 (0.42) 4.67 (0.42) 4.71 (0.42) 0.56 0.312 3.249 0.588 

Self-references1 4.41 (0.28) 4.04 (0.28) 4.28 (0.33) 4.10 (0.33) 4.65 (0.33) 3.90 (0.33) 0.97 3.296 0.05 1.224 

Positive words1 1.37 (0.15) 1.25 (0.15) 1.32 (0.20) 1.23 (0.20) 1.25 (0.20) 1.45 (0.20) 0.36 0.078 0.121 0.575 

Negative words1 0.50 (0.09) 0.66 (0.09) 0.61 (0.11) 0.58 (0.11) 0.46 (0.11) 0.67 (0.11) 1.59 0.816 0.069 1.552 

Social words1 5.87 (0.26) 6.09 (0.26) 5.62 (0.34) 6.30 (0.34) 6.03 (0.34) 5.98 (0.34) 0.39 1.094 0.014 1.551 

Mimicry task 1 0.64 (0.14) 0.51 (0.14) 0.49 (0.16) 0.78 (0.16) 0.51 (0.16) 0.52 (0.16) 0.48 1.46 0.47 1.30 

Mimicry task 2 13.89 (2.86) 15.76 (2.83) 16.28 (3.94) 15.65 (3.94) 14.55 (4.17) 12.84 (4.01) 0.24 0.09 0.35 0.02 

1 Percentage of total spoken words; *p< 0.05; **p< 0.01; ***p< 0.001. 
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Pitch characteristics 

For mean pitch there were no significant effects for Mixture and Group (Table 2). The 

Mixture-by-Group interaction was significant, but none of the post-hoc simple 

comparisons were (all p’s >0.13). The effect for Gender was significant (F(1,40) = 

291.83, p< 0.001, d = 1.46). As expected, mean pitch was lower for men (M = 126.55 

[SEM = 3.21] than for women (M = 201.05 [SEM = 3.20]). Secondary analyses showed 

no significant Mixture-by-Gender interaction (p = 0.15). 

 There were no significant effects for Mixture, Group, and the Mixture-by-Group 

interaction for variation in pitch (Table 2). There was also no significant effect for 

Gender. Secondary analyses showed no significant Mixture-by-Gender interaction (p = 

0.77).  

 

Word use 

There were no significant effects for Mixture, Group, and the Mixture-by-Group 

interaction on the use of self-references, positive words, negative words, or social words 

(Table 2). There was no significant effect of gender for any of the variables (Table 2). 

Secondary analyses showed no significant Mixture-by-Gender interactions (all p’s > 

0.44). 

 

Summary 

FH+ and FH- participants took less time to start talking (as indicated by a shorter 

preparation time) after ATD compared to after the control mixture. Otherwise, ATD did 

not significantly alter speech in either FH group. Independently of whether participants 

were in the ATD or control condition, FH+ individuals used longer pauses when talking 

than FH- individuals. 

 

Behavioral mimicry 

In the first task, the mean number of face or other upper body touches was 0.58 (SEM = 

0.07). There were no significant effects for Mixture, Group, or the Mixture-by-Group 

interaction (Table 2). There was no significant effect of Gender (p = 0.49). In secondary 

analyses, the Mixture-by-Gender interaction was not significant (p = 0.52) 

 In the second task, the mean percentage of time participants mimicked the 

experimenter’s movements was 14.9% (SEM = 1.36). There were no significant effects 
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for Mixture, Group, and the Mixture-by-Group interaction (p’s >0.56). There was no 

significant effect for Gender (p = 0.63). In secondary analyses, the Mixture-by-Gender 

interaction was not significant (F(1,77) = 3.31, p = 0.07). 

 In short, ATD had no significant effect on mimicry in either task. 

 

Plasma tryptophan 

The Mixture-by-Sample interaction was significant (F(1,118) = 443.41, p< 0.001). Total 

tryptophan levels decreased from 61.6 (SEM 2.1) µM to 7.1 (SEM 2.1) µM after ATD 

and increased from 61.0 (SEM 2.1) µM to 84.1 (SEM 2.1) µM after the control mixture. 

The mean ATD-induced decrease in total tryptophan levels was 89 % (Minimum = 77 %). 

There were no significant effects for the Group-by-Sample interaction (p = 0.15) or for 

the Mixture-by-Group-by-Sample interaction (p = 0.18), indicating that the ATD-induced 

reduction in tryptophan levels did not differ across groups. 

 

Mood state 

Positive Affect (PA). There was a significant main effect for Time (F(3,280) = 11.84, p< 

0.001, d = 0.41). PA was generally higher at t0 (M = 2.66, SEM = 0.10) than at t6 (M = 

2.51, SEM = 0.10) (t(266)= 2.81, p = 0.03, d = 0.34) and t7 (M = 2.34, SEM = 0.10) 

(t(266)= 5.79, p < 0.001, d = 0.71), but not t5 (M = 2.52, SEM = 0.10) (t(266)= 2.51, p = 

0.06, d = 0.31). There were no significant effects for the Mixture*Time interaction 

(F(3,280) = 0.25, p = 0.86) and for the Mixture*Group*Time interaction (F(3,280) = 

0.17, p = 0.92), indicating that levels of PA did not change differently on the ATD day 

compared to the control day in either FH group.  

 There were significant effects for Mixture (F(1,280) = 8.56, p< 0.01, d = 0.35) 

and for the Mixture*Group interaction (F(1,77) = 7.04, p< 0.01, d = 0.32). In FH+ partic-

ipants, PA was lower throughout the ATD day (M = 2.45, SEM = 0.14) compared to the 

control day (M = 2.66, SEM = 0.14 (t(266) = 3.85, p < 0.001, d = 0.47). In FH- partici-

pants, PA did not significantly differ between the ATD day (M = 2.46, SEM = 0.14) and 

the control day (M = 2.47, SEM = 0.14) (t(266) = 0.19, p > 0.99, d = 0.02). Since this 

differential pattern in the two FH groups was independent of Time, it seems to reflect 

variation in PA that is unrelated to the experimental manipulation. 

Negative Affect (NA). There was a significant main effect for Time (F(3,280) = 

3.74, p = 0.01, d = 0.23). NA was significantly higher at t0 (M = 1.11, SEM = 0.02) than 

at t6 (M = 1.05, SEM = 0.02) (t(266) = 3.22, p = 0.008, d = 0.39). There were no signifi-
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cant effects for the Mixture*Time interaction (F(3,280) = 0.85, p = 0.47) and for the 

Mixture*Group*Time interaction (F(3,280) = 0.51, p = 0.67). 

 

Lastly, in response to a reviewer’s suggestions we also present the analyses for PA and 

NA using repeated measures ANOVA, with Time (2 levels: baseline; the average of t5, 

t6, and t7 as ‘afternoon’) as the within-subjects factor and Mixture (ATD; control) and 

Group (FH+; FH-) as the between-subjects factor (Table 3). For PA, the effect of Time 

was significant – PA was higher at baseline than in the afternoon. For NA, the effect of 

Time was also significant – NA was higher at baseline than in the afternoon. However, 

similar to the analyses reported using multilevel modeling, for both PA and NA, the ef-

fects of Mixture by Time and Mixture by Group by Time were not significant, indicating 

that the effect of Time did not differ significantly according to mixture. 

In sum, mood state varied somewhat over the course of the test days. However, 

the time pattern did not differ by mixture. In other words, ATD did not influence mood. 

 

Table 3. Means (SD) for Positive Affect (PA) and Negative Affect (NA) and F-values for the ef-

fects of Mixture, Group, Time, and their interactions on PA and NA. 

  
PA    

baseline 

PA   

afternoon1 

NA   

baseline 

NA      

afternoon1 

Mean (SD) Men 2.79 (0.67) 2.63 (0.61) 1.11 (0.21) 1.07 (0.09) 

 Women 2.54 (0.60) 2.31 (0.70) 1.11 (0.14) 1.07 (0.09) 

 FH- control 2.65 (0.59) 2.46 (0.63) 1.08 (0.11) 1.05 (0.07) 

 FH- ATD 2.65 (0.63) 2.44 (0.74) 1.07 (0.13) 1.05 (0.05) 

 FH+ control 2.77 (0.70) 2.60 (0.66) 1.17 (0.18) 1.09 (0.12) 

 FH+ ATD 2.61 (0.70) 2.38 (0.66) 1.13 (0.25) 1.09 (0.10) 

F-values Effect PA NA 

 
Mixture 0.48 0.21 

 Group 0.08 5.21* 

 Mixture by Group 0.42 0.02 

 Time 21.1*** 5.67* 

 Mixture by Time 0.22 0.58 

 Group by Time 0.00 0.82 

 Mixture by Group by Time 0.05 0.13 

1 Average of t5, t6, and t7 scores. Note: In our repeated-measures ANOVA, the relevant interaction 

terms for testing the effect of ATD on mood are the Mixture by Time interaction and the Mixture 

by Group by Time interaction.  *p< 0.05; ***p< 0.001.  
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5.4 Discussion 

Effect of ATD on speech 

ATD, which temporarily reduces brain serotonin, mostly did not significantly affect 

speech. This is at odds with previous studies suggesting a role of serotonin in the regula-

tion of speech. For example, treatment with a selective serotonin reuptake inhibitor 

(SSRI) has been shown to reduce the number of pauses in speech and pause duration, and 

increase variation in pitch in symptomatic MDD patients (Alpert, Pouget & Silva 2001, 

Mundt et al. 2007, Mundt et al. 2012). Speech alterations may be concomitants of MDD 

and improve with reductions in depressive symptoms. Mundt and colleagues (2012) 

demonstrated that MDD patients who showed an antidepressant response to SSRI treat-

ment also improved significantly in terms of their speech, while treatment non-responders 

did not. Participants in the present study had no depressive symptoms and mood did not 

change after ATD. In short, our findings suggest that an acute reduction in serotonin has 

few, if any, effects on speech in never-depressed individuals. 

Though most speech characteristics were unaffected, unexpectedly we found 

that preparation time before speech was significantly shorter after ATD than after the 

control mixture. We speculate that this may reflect increased interpersonal impulsivity. 

This would be in line with studies showing increased impulsive behavior after ATD in 

social settings (Cleare, Bond 1995, Crockett et al. 2010), as well as in non-social settings 

(LeMarquand et al. 1999, Walderhaug et al. 2002). It has been suggested that impulsive-

ness associated with low serotonin may undermine social functioning (Wood et al. 2006). 

Moreover, impulsiveness during social interactions has been associated with increased 

quarrelsomeness and, in more impulsive individuals, with decreased agreeableness (aan 

het Rot, Moskowitz & Young 2015). Nevertheless, the extent to which a decrease in 

preparation time before speech may influence social interactions remains to be deter-

mined.  

 

No significant effects of ATD on mimicry 

Previous studies in healthy, never-depressed individuals indicate that ATD can reduce 

cooperative behavior (Wood et al. 2006) and increase antagonistic responses to others 

(Crockett et al. 2008). Conversely, administration of citalopram for 2 weeks increased 

cooperative behavior and stimulated a dominant pattern of eye contact during speech 

(Tse, Bond 2002). The findings of these studies suggest that serotonin may modulate pro-

social behavior. Though we hypothesized that this may include behavioral mimicry, in 

the present study ATD did not significantly affect mimicry. On the one hand, this sug-
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gests that serotonin does not play a role in the regulation of mimicking behavior. On the 

other hand, a floor effect may have prevented ATD from lowering mimicry. In the first 

mimicry task, the number of face touches was 0 or 1 for most of the participants, whereas 

in previous studies using a similar paradigm the average was around 5 face touches (e.g., 

Lakin, Chartrand 2003). In the second mimicry task, participants mimicked the experi-

menter’s movements about 15% of the time, while in another study using a similar pro-

cedure this was around 35% (Lakin, Chartrand 2003). Thus, the level of mimicry ob-

served in the present study was relatively low, which may have prevented ATD from 

reducing mimicry further. 

 

Differences between the FH groups 

Mean pause duration was generally longer in FH+ individuals than in FH- individuals. 

This is interesting given similar findings in MDD patients compared to controls (Alpert, 

Pouget & Silva 2001, Mundt et al. 2012). Moreover, a longer pause duration has been 

associated with higher MDD severity and can be normalized with SSRI treatment 

(Alpert, Pouget & Silva 2001, Mundt et al. 2012). However, it is unclear if the longer 

pause duration in FH+ individuals has an impact on their everyday lives. In the present 

study, baseline QIDS scores were low, did not differ between the FH groups, and were 

unrelated to mean pause duration (results not shown).  

 

Limitations in the study design 

The family history method we used provides insight in inter-individual variability in 

familial MDD load (Andreasen et al. 1977). However, it does not provide MDD 

diagnoses in relatives. FH+ individuals with multiple family members diagnosed with 

MDD may respond more strongly to ATD than FH+ individuals with a single affected 

family member. We were unable to formally test this. 

Mimicry was assessed in a room in the psychiatry department and in response to 

a person in a video; as well as in response to the experimenter who was wearing a white 

lab coat. Previous research by Dalton, Chartrand, & Finkel (2010) and Leander, 

Chartrand, &Bargh (2012) suggests that mimicry is inappropriate in more formal or 

business-like contexts. It is conceivable that the norms of the situation did not invite 

mimicry. Perhaps our participants did not feel close with the person in the video, or that 

the clinical setting prevented the expression of interpersonal warmth. Mimicry effects 

tend to backfire or disappear altogether in non-affiliative contexts (though there is 

evidence of people trying to mimic high-power others, e.g., Cheng & Chartrand, 2003). 
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Further, mimicry of foot shaking and knee bouncing may not have been relevant for our 

participants. 

 While the experimenter was blind to the mixtures, he was not blind to family 

history. Nevertheless, we think it is unlikely that this caused the longer pause duration in 

the speech of FH+ individuals, as other aspects of verbal behavior did not differ between 

the FH groups.  

 

Suggestions for future studies 

Individuals recovered from MDD are more sensitive to the mood-lowering effect of ATD 

than never-depressed individuals (Young 2013). Given that individuals with more 

negative mood mimic others less (van Baaren et al. 2006), future studies may assess 

whether ATD lowers mimicry in recovered MDD patients. This may be combined with 

using a mimicry procedure that more frequently elicits mimicry than the procedure used 

in the present study. This could be accomplished by asking study participants to interact 

with a spouse or friend rather than with the experimenter. 

Ethical and practical reasons preclude the possibility of studying the effects of 

repeated ATD on verbal behavior during everyday social interactions. In contrast, 

interventions aimed at increasing brain levels of serotonin can be combined with 

assessment of everyday social interactions (see for example Hogenelst, Schoevers & aan 

het Rot 2015). Further, interpersonal difficulties of depressed individuals often emerge 

due to repeating, everyday patterns (Hames, Hagan & Joiner 2013), e.g. in the context of 

intimate relationships (Baddeley, Pennebaker & Beevers 2013, Segrin, Flora 2000). For 

example, depressed people have been found to use more negative emotion words around 

romantic partners, especially in reference to the self (Baddeley, Pennebaker & Beevers 

2013). Future studies may assess the extent to which experimental increases in serotonin 

may alter speech, including in everyday life.  

 

Conclusion 

Overall, an acute lowering of brain serotonin may not have any pronounced effects on 

speech and behavioral mimicry in never-depressed individuals (regardless of their famili-

al risk for MDD). Nevertheless, our study suggests that low levels of serotonin can in-

duce impulsive responding in a social context, as indicated by a reduced preparation time 

before speaking. It remains possible that alterations in brain serotonin alter speech and 

mimicry in MDD patients. 
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SUPPLEMENTARY MATERIAL 

Screening phase 

FH+ individuals were recruited via their affected family members. These probands with a 

diagnosis of MDD were informed about the study via their health-care provider (e.g., 

psychiatrist, clinical psychologist) or via advertisements. Probands were asked if they had 

never-depressed first-degree relatives motivated to participate in a study on the role of 

serotonin on mood and social behavior. A total of 148 probands responded. Following a 

brief explanation of the study, 45 probands were interested in receiving further infor-

mation. We obtained written informed consent from 35 probands to contact their health-

care provider and verify the diagnosis of MDD and absence of a lifetime history of (hy-

po) mania. We excluded 4 individuals who did not meet the diagnostic criteria and 3 

individuals whose health care provider did not verify the diagnosis. One individual was 

lost to follow-up. 

A total of 34 FH+ individuals were interested in receiving further information 

about the study. We obtained written informed consent from 26 individuals. We excluded 

1 individual because of past panic disorder and 2 individuals were lost to follow-up. A 

total of 23 FH+ participants started the study. 

FH- individuals were recruited using local advertisements and a paid participant 

pool of the University of Groningen. Thirty-seven FH- individuals were interested in 

receiving further information about the study. We obtained written informed consent 

from 24 individuals. We excluded 2 individuals because of a family history of suicide 

and 1 individual was lost to follow-up. A total of 21 FH+ participants started the study.  


