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Emotion regulation in social interaction: Physiological and emotional 
responses associated with social inhibition 

Stefanie Duijndam, Annemiek Karreman, Johan Denollet 1, Nina Kupper * 

CoRPS – Center of Research on Psychological and Somatic Disorders, Tilburg University, the Netherlands   
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A B S T R A C T   

Social inhibition may be associated with individual differences in emotion regulation. Mechanisms relating 
emotion regulation to social inhibition are largely unknown. We therefore examined how social inhibition is 
associated with emotional, sympathetic, and parasympathetic responses during sadness induction, and while 
employing emotion regulation strategies during social interaction after sadness induction. Undergraduate stu-
dents (N = 216; 72% female) completed the Social Inhibition Questionnaire and participated in a sadness in-
duction and emotion regulation (i.e., suppression and reappraisal) social interaction task, while emotional states, 
and sympathetic and parasympathetic reactivity were assessed. Repeated measures ANCOVAs showed that 
during sadness induction, social inhibition was unrelated to the emotional response, but social inhibition was 
associated with a blunted parasympathetic withdrawal response, due to an already withdrawn parasympathetic 
tone at rest. This may be suggestive of increased allostatic load with higher social inhibition, and may contribute 
to stress-related health risks. Both suppression and reappraisal tasks successfully diminished sadness, and this 
reduction was smaller with increasing levels of social inhibition. Physiological responses to emotion regulation 
efforts were independent of social inhibition. Elevated sadness in response to instructed emotion regulation in 
socially inhibited individuals may indicate more emotional distress during social interaction due to heightened 
threat sensitivity they experience.   

1. Introduction 

Social inhibition is a broad and stable personality trait, characterized 
by behavioral inhibition (e.g., difficulty talking to other people), inter-
personal sensitivity (e.g., fear of negative evaluation), and social with-
drawal (e.g., avoiding social interaction; Denollet, 2005; Denollet and 
Duijndam, 2019). Socially inhibited individuals have difficulties to 
engage in social situations. They feel insecure among other people, lack 
assertiveness, are less talkative, shy, and adopt self-enhancing strategies 
such as withdrawal (Denollet, 2005, 2013; Denollet and Duijndam, 
2019; Grande et al., 2004). Research has shown that social inhibition in 
children is associated with later emotional problems (Caspi et al., 1996; 
Fox et al., 2005; Rapee, 2002). Socially inhibited individuals could have 
emotion regulation difficulties, which play an important role in social 
interaction (Gross and John, 2003). 

It has been suggested that socially inhibited individuals use sup-
pression as a self-enhancing strategy to cover up their emotional 

expression in social situations and to distance themselves from potential 
rejection of others (Asendorpf, 1993; Ayduk et al., 2000; Denollet, 2013; 
Denollet and Duijndam, 2019). Suppression is an emotion regulation 
strategy that is referred to as reducing, inhibiting or withdrawing 
emotion-expressive behavior once the individual is already in an 
emotional state (Gross, 2015). As a response-focused emotion regulation 
strategy, suppression occurs late in the process of emotion regulation, 
when the emotion is already there, which will not help to reduce the 
emotional experience (Gross and John, 2003). Instead, emotions will 
linger on and remain unresolved. It therefore takes more (cognitive) 
effort to suppress emotions, which was found to have negative effects on 
both mental and physical health (Graves et al., 1994; John and Gross, 
2004). A recent study showed that expressive suppression distorts the 
experience of emotions, resulting in reduced control over emotions and 
a reduced capacity to regulate them effectively (Benita et al., 2020). Due 
to ineffective regulation of emotions, suppression has been associated 
with experiencing fewer positive and more negative emotions, 
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avoidance of close relationships, and poorer well-being (e.g., more 
depressive symptoms; Cameron and Overall, 2018; Gross and John, 
2003). In socially inhibited individuals, suppression during social 
interaction may result in increased negative emotional reactivity, which 
is suggested to induce withdrawal from social situations (Asendorpf, 
1993; Denollet, 2013; Sheynin et al., 2013; Whelan and Zelenski, 2012). 

Experimental studies have demonstrated that suppression is associ-
ated with sympathetic nervous system activation (Appleton et al., 2014; 
Butler et al., 2003; Gross and Levenson, 1995, 1997), explained by the 
increased experience of stress that goes together with maladaptive 
emotion regulation (Moore et al., 2008). Thus, due to the negative 
outcomes associated with suppression, this emotion regulation strategy 
may be considered maladaptive (Benita et al., 2020; Gross, 2015). To 
date, no study investigated the physiological consequences of suppres-
sion in socially inhibited individuals. The closest work is that of Mes-
serli-Burgy et al. (2012) on Type D personality (the combination of high 
negative affectivity and high social inhibition (Denollet, 2005)), which 
found a strong relationship between Type D personality and maladap-
tive emotion regulation. In this study, a medium sized correlation was 
reported between social inhibition as measured with the DS14 and 
maladaptive emotion regulation. Whether the effects of the suppressive 
emotion regulation strategy on physiological functioning are affected by 
individual differences in social inhibition is as yet unknown. 

In contrast to suppression, frequent use of the emotion regulation 
strategy reappraisal has been associated with experiencing and 
expressing more positive and less negative emotion, having closer re-
lationships with friends due to sharing these emotions, and with well- 
being and greater self-esteem (Gross and John, 2003). Reappraisal is 
an antecedent-focused strategy referring to the reinterpretation of the 
meaning of the emotional stimulus, thereby altering the trajectory of the 
emotional response. Due to the positive emotional consequences, reap-
praisal is considered an adaptive emotion regulation strategy (Gross, 
1998b). Thus far, no studies have investigated the relation between 
social inhibition and the employment of reappraisal. However, because 
individuals high in social anxiety report less frequent and efficient use of 
cognitive reappraisal (Kivity and Huppert, 2018; Morrison and Heim-
berg, 2013), and are more likely to be socially inhibited (Kupper and 
Denollet, 2014), it may be expected that socially inhibited individuals 
are less efficient in using reappraisal. Importantly, when socially 
anxious individuals are instructed to use reappraisal, this seems to be 
effective as extant research in socially anxious people shows larger 
reappraisal-related reduction in unpleasant emotions (Kivity and Hup-
pert, 2018). Therefore, teaching reappraisal skills might be beneficial for 
socially anxious and socially inhibited individuals. 

Because reappraisal is an effective method in down-regulating 
negative emotions, it has been suggested this should also be reflected 
in more adaptive physiological responding (e.g., Gross, 1998a). How-
ever, to date, mixed findings have been reported. Some report high 
reappraisal to be associated with greater cardiac output and ventricular 
contractility (Jamieson et al., 2012; Mauss et al., 2007), while other 
studies found reappraisal to be unrelated to physiological activation 
(Butler et al., 2003; Gross and Levenson, 1995, 1997). Whether social 
inhibition affects the reappraisal effect on emotional and physiological 
arousal remains to be investigated. 

In order to fully understand the potential psychosomatic role sup-
pression and reappraisal play in socially inhibited individuals, it is 
eminent to investigate responses of both the sympathetic and para-
sympathetic nervous system, not just their net effects (e.g., blood pres-
sure, heart rate). Therefore, in the current study, we also assess 
sympathetic cardiac drive (i.e., pre-ejection period) and general sym-
pathetic arousal (i.e., electro dermal activity), as well as heart rate 
variability (RMSSD) as a measure of parasympathetic activity. 

In sum, there is a paucity of knowledge on individual differences in 
the emotional and physiological effects of emotion regulation processes, 
in particular in association with social inhibition. Social inhibition is 
considered a trait that can vary from normal functioning in social 

interactions to psychopathological levels of functioning. Because social 
inhibition reflects a personality trait rather than a disorder, high levels 
are presumably more prevalent compared to related psychopathologies 
(i.e., social anxiety disorder, avoidant personality disorder; Schneier 
et al., 2002; Stein et al., 2004). Identifying the impact of suppression and 
reappraisal on the psychophysiology of socially inhibited individuals 
may therefore offer an opportunity to improve the understanding of the 
consequences of emotion regulation in more serious conditions associ-
ated with social inhibition. 

Therefore the aim of this study was to examine how social inhibition 
is related to emotional and physiological responses to specific emotion 
regulation instructions during social interactions. We (a) examined to 
what extent social inhibition was associated with the emotional (sadness 
and happiness) and physiological (sympathetic and parasympathetic) 
effects of sadness induction, and (b) investigated whether social inhi-
bition was associated with emotional and physiological responses to 
instructed use of emotion regulation strategies during subsequent social 
interaction. Since previous studies indicate the presence of sex differ-
ences in emotional experience (Kelly et al., 2008), physiological re-
sponses (Hinojosa-Laborde et al., 1999; Maranon and Reckelhoff, 2013), 
and social inhibition (Denollet and Duijndam, 2019; Duijndam and 
Denollet, 2019), sex was an important covariate. In post-hoc analyses, 
we aimed to explore how the underlying facets of social inhibition 
(behavioral inhibition, interpersonal sensitivity, and social withdrawal) 
were associated with responses in emotion induction and instructed 
regulation. 

As emotion-eliciting films typically evoke subjective emotional re-
sponses (Rottenberg et al., 2007), and elevated physiological responses 
(Fernández et al., 2012) in experimental settings, we expected sadness 
induction (H1) to successfully increase sadness and decrease happiness, 
and (H2) to induce sympathetic and hemodynamic activation and 
parasympathetic withdrawal. Due to the tendency of socially inhibited 
individuals to suppress their emotions (Denollet, 2005; Denollet and 
Duijndam, 2019), (H3) we expect more suppression regulation during 
sadness induction resulting in enhanced emotional experience for in-
dividuals with higher levels of social inhibition. With respect to emotion 
regulation, we hypothesized that individuals scoring high on social in-
hibition would show an enlarged response to instructed emotion sup-
pression (Asendorpf, 1993; Denollet, 2005, 2013; Denollet and 
Duijndam, 2019), thus (H4) showing increased sadness responses, 
decreased happiness responses, and (H5) an altered sympathovagal 
balance favoring sympathetic nervous system activity (John and Gross, 
2004). We further expected individuals scoring high on social inhibition 
to be less effective in their ability to use reappraisal. We expected higher 
social inhibition to be related to a more modest (H6) emotional and (H7) 
physiological response during the reappraisal task as compared to the 
sadness induction (Gross, 1998a). 

2. Materials and methods 

2.1. Participants 

Participants were 223 undergraduate students, fluent in either Dutch 
(N = 194) or English (N = 29), who participated for course credit. 
Exclusion criteria for this study were individuals with heart disease and 
hypertension, due to the effects of these conditions on cardiovascular 
measures. Two participants were excluded either because of protocol 
irregularities (n = 1), or a pre-existing medical condition (i.e., recent 
brain surgery; n = 1). Five participants dropped out of the study pre-
maturely (i.e., filled out the questionnaire, but did not show up for the 
experiment). The final sample consisted of 216 participants (Age M =
20.6, SD = 2.8; 72% female; 88% Dutch). All participants signed an 
informed consent form and the study was approved by the Tilburg 
School of Social and Behavioral Sciences ethics review board (EC- 
2016.26). 
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2.2. Design 

After completion of the online questionnaires at home, participants 
were invited to the behavioral physiology lab (GO-Lab, Tilburg Uni-
versity) where they performed the emotion induction and regulation 
task. After informed consent was confirmed, participants were fitted 
with the physiological equipment. The experiment started with a ten- 
minute resting baseline, in which participants had to sit still while 
looking at neutral (landscape) images on the computer screen, to ac-
count for baseline physiological assessment. After the resting baseline, 
the test leader introduced a confederate to the participant, whom the 
participant had not met before. Following instructions, the participant 
and confederate performed the two subsequent emotion induction and 
regulation tasks (described below). The task instructions and film clips 
were presented on a desktop computer via E-Prime (E-Prime, 2002). The 
assignments for the participants and confederate were presented on an 
A4 paper in an envelope. An overview of the research design is presented 
in the supplemental materials (Fig. S1). 

2.3. Emotion induction task 

The emotion induction task involved watching three film clips (one 
neutral and two sad). We selected three film clips based on recom-
mendations by Gross and Levenson (Gross and Levenson, 1995). The 
neutral clip was a 2 min and 16 s segment from the documentary Alas-
ka’s Wild Denali, in which the narrator explains about the national park 
in Alaska (Hardesty, 1997). One sad clip was a 2 min and 51 s segment 
from the movie the Champ, in which a boy watches his father die (Lovell 
and Zeffirelli, 1979). The other sad clip was a 3 min and 12 s segment 
from the Disney movie Lion King, in which a lion cub watches his father 
being murdered by his uncle (Hahn et al., 1994). The neutral film was 
always showed first, while the sad films (and accompanying discussion 
instructions, described below) were switched in order after 119 
participants. 

2.4. Emotion regulation task 

After each sad film clip, the participant and confederate would 
converse about the subject of the sad film clips (i.e., loss) while being 
instructed to use different emotion regulation strategies (i.e., suppres-
sion vs. reappraisal). This emotion regulation task was based on the 
study protocol (made available by the authors) of an earlier study on 
emotion regulation in social interaction (Butler et al., 2006). About half 
of the participants (N = 119) were instructed to use suppression during 
the discussion about the first sad film clip (Lion King) and reappraisal 
during the conversation of the second sad film clip (the Champ), while 
the other part (N = 97) were instructed to use reappraisal first and 
suppression second. The confederate was instructed to stay neutral 
during all conversations. All instructions were derived from the obtained 
study protocol (Butler et al., 2006). The suppression instructions for the 
participants during the conversation about the loss aspect of the Lion 
King were: “discuss the non-emotional aspects of the film – focus on your 
thoughts rather than your feelings” and “try to maintain a non-emotional 
expression and tone of voice”. The confederate was instructed to “try to 
act as neutral as possible and do not show any clear emotions” during the 
conversation. During the conversation about The Champ, the reappraisal 
instructions for the participants were: “discuss the positive aspects of the 
film – focus your thinking on the positive aspects rather than the negative” 
and “try to be optimistic and think positively about the situation”. The 
confederate was again instructed to try to act as neutral as possible and 
do not show any emotion during the conversation. 

2.5. Measures 

2.5.1. Social inhibition 
To assess social inhibition, the 15-item Social Inhibition 

Questionnaire (SIQ-15; (Denollet and Duijndam, 2019; Duijndam and 
Denollet, 2019)) was used. Subjects rated their social inhibition ten-
dencies on a 4-point Likert scale ranging from 0 (false) to 3 (true). The 
scale yields three subscale scores, for behavioral inhibition, interper-
sonal sensitivity, social withdrawal, and a total score. For presentation 
purposes (tables and figures), we divided the total social inhibition 
group in two, using median split. Cronbach’s alpha in the current study 
yielded 0.93 for the total score, 0.92 for behavioral inhibition, 0.88 for 
interpersonal sensitivity, and 0.87 for social withdrawal. 

2.5.2. Emotion regulation 
The Emotion Regulation Questionnaire (ERQ; (Gross and John, 

2003)) was used to assess the trait emotion regulation strategies sup-
pression and reappraisal. Emotion regulation was rated on a 7-point 
Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). 
Suppression was assessed with four items, and reappraisal with six 
items. Cronbach’s alpha for the current study was 0.80 for suppression 
and 0.81 for reappraisal. 

To examine which emotion regulation strategy participants used 
while watching the film clips, one suppression item (i.e., During the film, I 
controlled my emotions by not expressing them) and one reappraisal item (i. 
e., During the film, I controlled my emotions by changing the way I think 
about the situation I’m in) were assessed after watching each film clip. 

2.5.3. Physiological measures 
On the testing day in the GO-Lab, participants were fitted with the 

physiological measurement equipment (BIOPAC Instruments Inc., 
Goleta, CA). An electrocardiogram, impedance cardiogram, and electro 
dermal activity were recorded to obtain information on parasympathetic 
(root mean square of successive differences; RMSSD) and sympathetic 
cardiac activity (pre-ejection period (PEP), left ventricular ejection time 
(LVET)), and cardiovascular summary measures (inter-beat interval, and 
systolic and diastolic blood pressure). Because emotion induction is a 
passive task, sympathetic arousal may be picked up to a larger extent by 
skin conductance level, and non-specific skin conductance response 
(NSSCR). Measures of heart rate variability (Berntson et al., 1997), 
blood pressure (Shapiro et al., 1996), impedance cardiography (Sher-
wood et al., 1990), and electrodermal activity (Chaspari et al., 2015), 
were assessed, checked, and calculated as described by the according 
guidelines. Averages of all physiological variables were computed for 
each experimental period (neutral film, emotion induction, suppression 
conversation, and reappraisal conversation). Further details of the re-
cordings and calculations of the physiological measures, can be found in 
the supplemental materials. 

We lost some physiological data due to equipment failure and un-
resolvable artifacts. Due to movement artifacts or premature ventricular 
contractions (PVC), 7.6% of ECG data was unusable. The continuous BP 
device needed to be sent out for repairs halfway the study, and we did 
not have a replacement, which led to missing 57% of blood pressure 
data. We missed 10% of our electrodermal responses, which is in line 
with the fact that 10% of the population are skin conductance non- 
responders (Bernstein et al., 1982). Lastly, 17% of ICG data was 
missing, due to unresolvable movement artifacts. 

2.5.4. Emotional responses 
After each film clip and after each conversation, participants rated 

their emotional responses. Emotion experience was measured through a 
post film questionnaire which was used in previous research to validate 
film clips (Rottenberg et al., 2007). Participants had to rate their 
emotional responses to the film clips on a scale from 0 (not at all) to 4 
(extremely). Emotional responses could be positive (e.g., happiness) or 
negative (e.g., sadness). In addition, they had to indicate whether they 
had already seen the movie, how unpleasant or pleasant they experi-
enced the film (0 = unpleasant, 4 = pleasant), and whether they used 
suppression or reappraisal while watching the movie (0 = totally 
disagree with statement, 7 = totally agree with statement). For the 
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purpose of the current study, we only used the sadness and happiness 
items. The confederate pretended to also rate his/her emotional expe-
riences. After each conversation, the confederate rated whether and to 
what extent the participant had tried to stick to the assignment, and 
whether they discussed the discussion topics in the right order. Partic-
ipants were also asked in retrospect whether they had understood all the 
instructions. 

2.6. Statistical analysis 

A priori power analysis indicated that for performing a repeated 
measures ANCOVA while expecting a less than medium effect size (f =
0.15; 95% power, and an alpha of 0.05, 2 repeated measures, correlation 
of 0.50) we would need 206 participants. 

Baseline characteristics and resting baseline values are presented as 
descriptive statistics (means (SD) or median (IQR), and frequencies). 
Pearson’s correlations were used to determine the association between 
social inhibition and suppression and reappraisal while watching the 
film clips. The scores on sadness and happiness for each period of the 
experiment were log transformed to account for the right skewness. 
With respect to the physiological parameters, RMSSD and skin 
conductance level were not normally distributed and a log trans-
formation was used to improve the data distribution. 

2.6.1. Emotion induction 
First, we performed a manipulation check to confirm the emotion 

induction main effects on emotion and physiology, with a repeated 
measures ANCOVA. The dependent variables were the emotional (sad, 
happy) or physiological (e.g., systolic blood pressure) activation during 
the neutral film, and the averaged emotional or physiological activation 
to both emotion induction films (see Fig. S2 in the supplemental mate-
rials for an overview). The continuous score of social inhibition was 
added as the independent variable, to examine whether social inhibition 
was associated with the emotional and physiological emotion induction 
effect. In the adjusted model, we adjusted for the effects of sex. 

2.6.2. Emotion regulation 
We analyzed the change in emotional and physiological responses 

from emotion induction to the instructed emotion regulation task to 
gauge the effect of the respective emotion regulation task. This was 
considered the emotion regulation response. Repeated measures ANCOVA 
was used to examine whether social inhibition was associated with the 
emotional and physiological emotion regulation response. The dependent 
variables were the average emotional (sad, happy) or physiological (e.g., 
systolic blood pressure) activation level during sadness induction, and 
the average emotional or physiological activation during the emotion 
regulation manipulation (suppression or reappraisal; see Fig. S2 in the 
supplemental materials for a graphical overview). First, a univariate, 
unadjusted model was tested with only the social inhibition continuous 
total score. Then, the analysis was adjusted for the effect of sex and task 
order, which were added as between-subjects factors (i.e. categorical). 
Finally, as a post-hoc specification, the facets of social inhibition 
replaced the total social inhibition score, and were tested in a separate 
model while adjusting for the effects of sex and task order. 

We used IBM SPSS Statistics for Windows, Version 24.0. Armonk, 
NY: IBM Corp (2013) for all analyses. 

3. Results 

3.1. Sample characteristics 

All total group sample characteristics are displayed in Table 1. The 
participants were 20.6 years of age (SD = 2.8) on average, and the 
majority was female and Dutch. A small percentage underwent psy-
chological treatment at the time of the experiment. Physiological base-
line measures of the total sample are also displayed in Table 1. 

3.1.1. Social inhibition 
The average SIQ15 total score was 15.7 (SD = 9.3; range 0–45). The 

average subscale scores were 4.8 (SD = 3.8; range 0–15) for behavioral 
inhibition, 5.9 (SD = 3.6; range 0–15) for interpersonal sensitivity and 
5.0 (SD = 3.5; range 0–15) for social withdrawal. The subscale inter- 
correlations ranged between 0.49 and 0.65, indicating that multi-
collinearity will not be a problem in the ensuing RM-ANCOVA analyses. 
There were significant sex differences in the interpersonal sensitivity 
subscale (t = 2.86, p = .005), with women scoring higher than men 
(Mdifference = 1.5 (SE = 0.54)). There were no sex differences in the other 
two subscales or in the total score. 

3.1.2. Habitual emotion regulation strategy 
The median of ERQ subscales suppression and reappraisal were 

14.00 (IQR = 8) and 29.5 (IQR = 7), respectively (Table 1). Social in-
hibition was positively related to the habitual use of suppression (ERQ; r 
= 0.44, p < .001), and negatively related to the use of reappraisal (ERQ; 
r = − 0.24, p < .001). In addition, results showed that individuals scoring 
higher on social inhibition more often used suppression during both 
sadness inductions (Lion King (r = 0.14, p = .043); The Champ (r = 0.16, 
p = .022). Social inhibition was unrelated to the use of reappraisal 
during sadness induction (Lion King (r = 0.12, p = .081); The Champ (r =
0.12, p = .078). 

3.1.3. Lifestyle behaviors and medication use 
In total, 24 participants were non-adherent to the behavioral 

guidelines that were imposed with respect to consumption of coffee (n =
19) and cigarettes (n = 4) 2 hour preceding -, and alcohol consumption 
(n = 1) 24 hour preceding the experiment. Because lifestyle behaviors 
and psychotropic medication use may be possible confounders in the 
physiological responses, we tested whether these variables affected the 
physiology at baseline. Removing participants who use psychotropic 
medication, did not change the results. In addition, analyses without the 
non-compliant participants did not differ from analyses with non- 
compliant participants, except for coffee consumption and its effect on 
EDA. A positive correlation was found between caffeine consumption 2 
h prior to testing and skin conductance level at baseline (r = 0.152, p =
.034), and therefore we included caffeine consumption as a covariate in 
the analyses for skin conductance level. 

Table 1 
Descriptive statistics.   

Total group (n = 216) 

Age mean (SD) 20.62 (2.74) 
Sex (Female) 71.8% (155) 
Language (Dutch) 87.5% (189) 
Psychological treatment 12.5% (27)  

Emotion regulation strategies 
Suppression (ERQ) median (IQR) 14.00 (8.0) 
Reappraisal (ERQ) median (IQR) 29.50 (7.0)  

Experiment related 
Task order (Lion King/Suppression first) 55.1% (119)  

Non-adherence to pre-test health behavior rules 
Smoking 2 hour preceding test 1.9% (4) 
Limit (≤3) alcohol consumption night before test 0.5% (1) 
Coffee in 2 hour preceding test 8.8% (19)  

Physiological baseline measures 
Systolic Blood Pressure mean (SD) 119.55 (12.67) 
Diastolic Blood Pressure mean (SD) 68.60 (9.77) 
Inter-beat Interval (in milliseconds) mean (SD) 790.26 (122.06) 
RMSSD mean (SD) 44.27 (22.31) 
PEP/LVET ratio mean (SD) 0.31 (0.06) 
Skin conductance level mean (SD) 8.88 (7.02) 
Non-Specific Skin Conductance Response mean (SD) 12.44 (11.68) 

Note. SD = standard deviation; IQR = inter quartile range; ERQ = Emotion 
Regulation Questionnaire. 
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3.2. Emotion induction effect 

3.2.1. Test-retest reliability 
As shown in Table 2, a high degree of reliability was found between 

sadness scores for the first emotion induction film and the second (ICC =
0.748), suggesting high conformity between the two induction re-
sponses. However, happiness scores were less consistent between the 
emotion induction films (ICC = 0.369), suggesting that one movie made 
them less happy than the other. All physiological outcome measures 
showed high reliability between the two emotion induction films (ICC >
0.77). 

3.2.2. Emotional responses 
There was a main emotion induction effect for both sadness and 

happiness reactivity. Compared to the neutral film, participants rated to 
have experienced more sadness (F (1,213) = 403.398, p < .001, η2 =

0.654), and less happiness (F (1, 213) = 64.227, p < .001, η2 = 0.232) 
during the sadness inductions, which is in accordance with our hy-
pothesis (H1). These results indicate that the emotion induction was 
successful. 

In contrast with our hypothesis (H3), social inhibition was unrelated 
to the emotional response to sadness induction (Table 3), with the 
exception of the behavioral inhibition facet. With higher behavioral 
inhibition, we observed a somewhat less pronounced sadness response 
(F (1, 213) = 3.029, p = .083, η2 = 0.014). Additionally, women rated 
more sadness during both sadness-inductions than men (F (1, 213) =
17.485, p < .001, η2 = 0.076). No sex related differences were observed 
for happiness. 

3.2.3. Physiological responses 
Sadness induction was associated with a parasympathetic with-

drawal response (RMSSD: F (1, 203) = 10.705, p = .001, η2 = 0.050), 
and increased sympathetic arousal (SCL: F (1, 181) = 5.195, p = .024, η2 

= 0.028; NSSCR: F (1, 195) = 21.448, p < .001, η2 = 0.099), which was 
in line with our hypothesis (H2). 

Fig. 1 shows the course of parasympathetic activity as assessed with 
RMSSD, from baseline to sadness induction for high/low social inhibi-
tion (categorized using median split for presentation purposes). Social 
inhibition was inversely related to the sadness induction response of 
parasympathetic activity (Fig. 1; Table 3), such that responses were 
blunted in the high social inhibition group (due to a low baseline), while 
the below median group showed the expected withdrawal response. The 
parasympathetic withdrawal response was more prominent in women (F 
(1, 203) = 4.895, p = .028, η2 = 0.024), but the sex by social inhibition 
interaction was not significant (F (1,202) = 0.062, p = .804, η2 < 0.001). 
Other physiological measures showed no significant differences in as-
sociation with social inhibition during emotion induction, indicating 

that our hypothesis is only partially accepted (H3). 

3.3. Emotion regulation effect: suppression task 

3.3.1. Test-retest reliability 
As shown in Table 2, both sadness and happiness scores were 

adequately reliable between the two conversations. In addition, all 
physiological outcome measures showed high reliability between the 
two emotion regulation conversations (ICC > 0.75). 

3.3.2. Emotional responses 
The suppression task reduced individuals’ levels of sadness signifi-

cantly (F (1,212) = 136.498, p < .001, partial η2 = 0.392). Participants’ 
happiness score did not change during suppression. 

Higher social inhibition was associated with less reduction in sadness 
during the suppression task (Fig. 2a; Table 4), which is in contrast with 
our hypothesis (H4). Post-hoc analysis showed that interpersonal 
sensitivity and social withdrawal, but not behavioral inhibition were 
showing this effect (see Table 4). Social inhibition did not affect the 
happiness response to suppression (Fig. 2b). 

Table 2 
Intra Class Correlations of all outcome measures between experimental periods.   

Emotion induction Emotion regulation 

ICC 95% CI ICC 95% CI 

Sadness  0.748 0.671–0.807  0.656 0.551–0.737 
Happiness  0.369 0.175–0.517  0.567 0.433–0.669 
SBP  0.778 0.565–0.858  0.754 0.610–0.844 
DBP  0.800 0.688–0.871  0.870 0.795–0.918 
IBI  0.961 0.948–0.970  0.960 0.947–0.969 
RMSSD  0.916 0.889–0.936  0.925 0.902–0.943 
PEP/LVET ratio  0.926 0.901–0.945  0.889 0.851–0.917 
SCL  0.897 0.863–0.922  0.922 0.897–0.941 
NSSCR  0.834 0.781–0.875  0.837 0.783–877 

Note. Abbreviations: ICC = Intra Class Correlation; CI = Confidence Interval; 
SBP = systolic blood pressure; DBP = Diastolic blood pressure; IBI = interbeat 
interval; RMSSD = root mean square of successive differences; PEP = pre ejec-
tion period; LVET = left ventricular ejection time; SCL = skin conductance level; 
NSSCR = non-specific skin conductance response. 

Table 3 
Results from the RM-ANCOVAs of emotion induction effects associated with 
social inhibition.   

Emotion induction 

F (df) p η2  

Emotional responses 
Sadness 2.355 (1, 

213)  
0.126  0.011 

Happiness 0.314 (1, 
213)  

0.576  0.001  

Physiological responses 
Systolic blood pressure 2.545 (1, 70)  0.115  0.035 
Diastolic blood pressure 0.689 (1, 70)  0.409  0.010 
Inter-beat interval (IBI) 0.658 (1, 

208)  
0.418  0.003 

RMSSD 6.750 (1,203)  0.010  0.032 
PEP/LVET ratio 1.663 (1, 

176)  
0.199  0.009 

Skin conductance level (SCL)¥ 1.100 (1, 
181)  

0.296  0.006 

Non-Specific Skin Conductance Response 
(NSSCR) 

0.174 (1, 
195)  

0.677  0.001 

Note. All analyses were corrected for sex. ¥Skin conductance level was also 
corrected for caffeine consumption 2 h prior to testing. Boldface = significant at 
p < .05. The size of partial η2 can be interpreted as small (0.01), medium (0.06), 
and large (0.14) (Miles and Shevlin, 2001). 
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Fig. 1. Changes in RMSSD in milliseconds (msec) in response to sadness in-
duction for low and high social inhibition (SI). In the Supplemental Materials a 
boxplot of the RMSSD data can be found (Fig. S1). 
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Women generally showed larger reductions in sadness scores (F (1, 
212) = 4.649, p = .032, partial η2 = 0.021), a larger improvement in 
happiness scores (F (1, 212) = 5.065, p = .025, partial η2 = 0.023), and 
women high in social inhibition report larger reduction in sadness than 
men high in social inhibition (F (1,211) = 4.440, p = .036, partial η2 =

0.021). There was no sex by social inhibition interaction effect for 
happiness (F (1, 211) = 0.742, p = .390, partial η2 = 0.004). 

3.3.3. Physiological responses 
Results showed a typical stress/performance response across mea-

sures in response to the suppression task. The instructed suppression 

elicited parasympathetic withdrawal (i.e., a decrease in RMSSD (F (1, 
202) = 9.477, p = .002, partial η2 = 0.045)) and sympathetic arousal (i. 
e., increase in PEP/LVET ratio (F (1, 180) = 10.813, p = .001, partial η2 

= 0.057), skin conductance level (F (1, 183) = 17.674, p < .001, partial 
η2 = 0.088) and NSSCR (F (1, 192) = 51.956, p < .001, partial η2 =

0.213)). As a consequence, inter-beat interval decreased significantly (i. 
e., suggestive of an increased heart rate; F (1, 207) = 87.373, p < .001, 
partial η2 = 0.297) and diastolic blood pressure increased significantly 
(F (1, 81) = 11.748, p = .001, partial η2 = 0.127). 

With respect to the effect of social inhibition on physiological re-
sponses during suppression, no within-subject effects were found in 

Sadness induction Suppression
0.0

0.5

1.0

1.5

2.0

2.5

Sadness induction Reappraisal

High SI
Low SI

Sadness induction Suppression
0.0

0.2

0.4

0.6

0.8

1.0

Sadness induction Reappraisal

A. Sadness responses

B. Happiness responses

Fig. 2. Sadness (A) and happiness (B) responses of high and low social inhibition (SI) during the emotion regulation tasks. In the Supplemental Materials a boxplot of 
this data can be found (Fig. S2). 

Table 4 
Results from the RM-ANCOVAs of emotional emotion regulation effects.   

Suppression Reappraisal 

F (df) P η2 F (df) p η2  

Sadness 
A SIQ15 total 6.965 (1, 212)  0.009  0.032 3.632 (1, 212)  0.058  0.017 
B Behavioral Inhibition 2.729 (1, 212)  0.100  0.013 6.388 (1, 212)  0.012  0.029 

Interpersonal Sensitivity 6.968 (1, 212)  0.009  0.032 4.512 (1, 212)  0.035  0.021 
Social Withdrawal 6.444 (1, 212)  0.012  0.029 0.036 (1, 212)  0.849  <0.001   

Happiness 
A SIQ15 total 0.187 (1, 212)  0.666  0.001 0.368 (1, 212)  0.545  0.002 
B Behavioral Inhibition 0.024 (1, 212)  0.877  <0.001 0.234 (1, 212)  0.629  0.001 

Interpersonal Sensitivity 0.021 (1, 212)  0.886  <0.001 0.907 (1, 212)  0.342  0.004 
Social Withdrawal 0.712 (1, 212)  0.400  0.003 0.015 (1, 212)  0.903  <0.001 

Note. All analyses were corrected for sex and task order. The size of partial η2 can be interpreted as small (0.01), medium (0.06), and large (0.14) (Miles and Shevlin, 
2001). Boldface = significant at p < .05. 
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relation to social inhibition or its facets (Table 5), which is in contrast 
with our hypothesis (H5). Task order was not a significant confounder. 
Sex on the other hand showed main effects on cardiac reactivity (results 
not shown), but there were no significant interactions with social 
inhibition. 

3.4. Emotion regulation effect: reappraisal task 

3.4.1. Emotional responses 
As expected (H1), the reappraisal task reduced the sadness level 

significantly (F (1, 212) = 166.688, p < .001, partial η2 = 0.440) in the 
whole group (to the same extent as suppression did), and induced a 
significant happiness response (F (1, 212) = 53.128, p < .001, partial η2 

= 0.200). Like before, during suppression, sadness reduction due to the 
reappraisal task was larger in women (F (1, 212) = 8.984, p = .003, 
partial η2 = 0.041). 

Results showed a trend positive association between the social in-
hibition total score and the reappraisal induced reduction in sadness 
(Fig. 2a; Table 5), which is partially in line with our hypothesis (H6). 
Importantly, facet analyses showed significant contributions of both 
behavioral inhibition and interpersonal sensitivity, but not of social 
withdrawal, explaining the net trend effect. Social inhibition was un-
related to the improvement of happiness (Fig. 2b). 

3.4.2. Physiological responses 
Contrary to expectations, reappraisal (compared to emotion 

induction level) increased sympathetic arousal (PEP/LVET ratio (F (1, 
176) = 7.410, p = .007, partial η2 = 0.040), skin conductance level (F (1, 
180) = 19.052, p < .001, partial η2 = 0.096) and NSSCR (F (1, 191) =
76.607, p < .001, partial η2 = 0.286)), and reduced parasympathetic 
activity (RMSSD: (F (1, 204) = 11.205, p = .001, η2 = 0.052)). We also 
observed an increase in diastolic blood pressure (F (1, 74) = 8.985, p =
.004, partial η2 = 0.108), and larger decreases in inter-beat interval (F 
(1, 207) = 161.280, p < .001, η2 = 0.438). In contrast with our hy-
pothesis (H7), social inhibition was unrelated to the physiological re-
sponses in response to the reappraisal task (Table 5), and there were no 
significant interactions with sex and task order. There were main effects 
of sex and task order (data not shown). 

4. Discussion 

We investigated whether the trait of social inhibition explained in-
dividual differences in the emotional and physiological responses to 
sadness induction and subsequent emotion regulation tasks. Our results 
led to two primary conclusions. First, during sadness induction, social 
inhibition was associated with a blunted parasympathetic withdrawal 
response, due to an already withdrawn parasympathetic tone at rest. 
Social inhibition was unrelated to the emotional response. Second, both 
suppression and reappraisal tasks successfully diminished sadness, and 
this reduction was smaller with increasing levels of social inhibition. 
Physiological responses to emotion regulation efforts were independent 
of social inhibition. 

Table 5 
Results from the RM-ANCOVAs of physiological emotional regulation effects.   

Suppression Reappraisal 

F (df) p η2 F (df) p η2  

Systolic Blood Pressure 
A SIQ15 total 0.487 (1, 81) 0.487 0.006 0.373 (1, 74) 0.543 0.005 
B Behavioral Inhibition 0.618 (1, 81) 0.434 0.008 0.419 (1, 74) 0.519 0.006 

Interpersonal Sensitivity 0.102 (1, 81) 0.750 0.001 1.733 (1, 74) 0.192 0.023 
Social Withdrawal 1.970 (1, 81) 0.164 0.024 0.183 (1, 74) 0.670 0.002   

Diastolic Blood Pressure 
A SIQ15 total 0.010 (1, 81) 0.920 <0.001 0.055 (1, 74) 0.815 0.001 
B Behavioral Inhibition 0.003 (1, 81) 0.956 <0.001 0.501 (1, 74) 0.481 0.007 

Interpersonal Sensitivity 0.003 (1, 81) 0.959 <0.001 0.014 (1, 74) 0.907 <0.001 
Social Withdrawal 0.075 (1, 81) 0.785 <0.001 0.000 (1, 74) 0.991 <0.001   

Inter-beat Interval (IBI) 
A SIQ15 total 0.016 (1, 207) 0.899 <0.001 1.265 (1, 207) 0.262 0.006 
B Behavioral Inhibition 0.510 (1, 207) 0.476 0.002 2.287 (1, 207) 0.132 0.011 

Interpersonal Sensitivity 0.033 (1, 207) 0.856 <0.001 1.665 (1, 207) 0.198 0.008 
Social Withdrawal 0.399 (1, 207) 0.528 0.002 0.001 (1, 207) 0.973 <0.001   

RMSSD 
A SIQ15 total 0.357 (1, 202) 0.551 0.002 1.432 (1, 204) 0.233 0.007 
B Behavioral Inhibition 0.369 (1, 202) 0.554 0.002 1.681 (1, 204) 0.196 0.008 

Interpersonal Sensitivity 0.300 (1, 202) 0.584 0.001 1.187 (1, 204) 0.277 0.006 
Social Withdrawal 0.142 (1, 202) 0.707 0.001 0.440 (1, 204) 0.508 0.002   

PEP/Left Ventricular Ejection Time (LVET) ratio 
A SIQ15 total 0.054 (1, 180) 0.816 <0.001 0.618 (1, 176) 0.433 0.003 
B Behavioral Inhibition 0.085 (1, 180) 0.772 <0.001 0.579 (1, 176) 0.448 0.003 

Interpersonal Sensitivity 0.016 (1, 180) 0.900 <0.001 0.083 (1, 176) 0.774 <0.001 
Social Withdrawal 0.029 (1, 180) 0.865 <0.001 0.914 (1, 176) 0.340 0.005   

Skin Conductance level (SCL)¥ 

A SIQ15 total 0.060 (1, 183) 0.806 <0.001 0.001 (1, 180) 0.988 <0.001 
B Behavioral Inhibition 0.017 (1, 183) 0.896 <0.001 0.060 (1, 180) 0.806 <0.001 

Interpersonal Sensitivity 0.301 (1, 183) 0.584 0.002 1.028 (1, 180) 0.312 0.006 
Social Withdrawal 0.002 (1, 183) 0.963 <0.001 0.692 (1, 180) 0.407 0.004   

Non-Specific Skin Conductance Response (NSSCR) 
A SIQ15 total 0.390 (1, 192) 0.533 0.002 0.709 (1, 191) 0.401 0.004 
B Behavioral Inhibition 0.366 (1, 192) 0.546 0.002 2.493 (1, 191) 0.116 0.013 

Interpersonal Sensitivity 0.013 (1, 192) 0.910 <0.001 0.001 (1, 191) 0.978 <0.001 
Social Withdrawal 1.328 (1, 192) 0.251 0.007 0.332 (1, 191) 0.565 0.002 

Note. All analyses were corrected for sex and task order. ¥Skin conductance level was also corrected for caffeine consumption 2 h prior to testing. The size of partial η2 

can be interpreted as small (0.01), medium (0.06), and large (0.14) (Miles and Shevlin, 2001). 
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Physiologically, social inhibition was associated with a blunted 
parasympathetic withdrawal response to emotion induction, which 
seems to be due to the fact that already at baseline parasympathetic 
withdrawal was large (i.e., floor effect). The anticipation of social 
interaction may have triggered a stress response in socially inhibited 
individuals during the neutral condition, which could be attributed to 
them being concerned about having to interact with other people (Bib-
bey et al., 2015; Denollet and Duijndam, 2019). The parasympathetic 
withdrawal during rest and blunted reactivity to emotion induction may 
be reflective of allostatic load on the autonomic nervous system, which 
might contribute to stress-related health risks over time (Carroll et al., 
2017; McEwen and Stellar, 1993). 

Contrary to our hypothesis, emotional reactivity to the emotion in-
duction was unrelated to social inhibition. Possibly, the passive nature 
of the emotion induction could explain why we did not find individual 
differences in emotional reactivity. Previous studies, in contrast, did 
report individual differences in affective experience after emotion in-
duction. For example, neuroticism has been related to increased nega-
tive affect after negative emotion induction (Gross et al., 1998; 
Steenhaut et al., 2018; Thake and Zelenski, 2013), while extraversion 
has been related to increased positive affect after positive emotion in-
duction (Gross et al., 1998). In sum, it seems that socially inhibited in-
dividuals are particularly autonomically aroused by anticipation of 
ensuing social interaction, and less by the emotion induction itself, while 
the emotional experience seemed unaffected by social inhibition. 

Results further showed that both emotion regulation strategies eli-
cited a reduction in sadness, which was progressively less reduced with 
increasing levels of social inhibition. The smaller decline in sadness 
possibly lies in the heightened threat sensitivity socially inhibited in-
dividuals experience during social interaction (Kret et al., 2011), leaving 
them more distressed during social interaction. Additionally, as pre-
dicted, individuals scoring high on social inhibition were less proficient 
in using reappraisal, and our results showed socially inhibited in-
dividuals to report higher sadness compared to individuals lower in 
social inhibition after the reappraisal task. 

The suppression manipulation in our experiment did not signifi-
cantly change the positive emotional experience after sadness induction, 
which is in accordance with the study of Kalokerinos et al. (2015). 
Although some research suggests that suppression reduces positive 
emotional experience (e.g., Dan-Glauser and Gross, 2011; Gross and 
John, 2003; Gross and Levenson, 1997), our results indicate that sup-
pression is not necessarily related to decreased positive emotions. It has 
been suggested that long-term usage of suppression could lead to 
reduced positive emotion (e.g., Gross and John, 2003). Importantly, a 
meta-analysis showed that greater use of emotional suppression, 
regardless of the valence of the emotion, is associated with poorer social 
well-being (Chervonsky and Hunt, 2017). As expected, reappraisal 
successfully increased happiness, independent of the level of social in-
hibition. Even though socially inhibited individuals were less proficient 
in using reappraisal to down-regulate sadness, these findings suggest 
that socially inhibited individuals may benefit from instructed reap-
praisal as it helps to increase their happiness. 

In contrast to experimental studies that have shown that expressive 
suppression does not alleviate subjective experience of negative emo-
tions (Butler et al., 2006; Campbell-Sills et al., 2006; Gross, 1998a; Gross 
and Levenson, 1997), we found that suppression was effective in 
decreasing the experience of sadness. A difference in design might 
explain these differences. We manipulated emotion regulation after in-
duction and compared the emotional experience during induction with 
the experience during regulation. However, other studies manipulated 
emotion regulation during the induction (e.g., Campbell-Sills et al., 
2006; Gross, 1998a; Kalokerinos et al., 2015), comparing emotional 
experience at baseline with that of the emotional experience during 
regulation/induction. In other words, expressive suppression after 
emotion induction may not alleviate subjective experience of negative 
emotions the same way as during emotion induction, as shown in prior 

research (Campbell-Sills et al., 2006; Gross, 1998a; Kalokerinos et al., 
2015). 

The physiological response to the suppression task mimicked a 
typical stress response (parasympathetic withdrawal combined with 
sympathetic activation) across physiological measures. In accordance, 
previous experimental studies have demonstrated that suppression is 
associated with sympathetic nervous system activation (Appleton et al., 
2014; Butler et al., 2003; Gross and Levenson, 1995, 1997; Zaehringer 
et al., 2020), and the current study adds to these findings by also 
demonstrating parasympathetic withdrawal. Nevertheless, the size of 
the reactivity was unrelated to social inhibition. Notably, socially 
inhibited individuals use suppression on a regular basis (during social 
interaction), as indicated by their trait questionnaire data, suggesting 
that the physiological arousal associated with suppression occurs 
repeatedly and may become chronically altered. The association be-
tween greater suppression tendencies and poorer health (Graves et al., 
1994) could therefore be explained by an increase of allostatic load on 
the response systems (McEwen and Stellar, 1993). In other words, the 
habitual use of suppression in socially inhibited individuals may 
contribute to the dysregulated stress responses in social situations 
(Bibbey et al., 2015) and thus to increased risk of cardiovascular disease 
(Cundiff and Smith, 2017). 

With respect to physiological responses to reappraisal, our results 
revealed an increase in sympathetic arousal combined with para-
sympathetic withdrawal, but these were unrelated to social inhibition. 
Our hypothesis regarding physiological responses to reappraisal was 
therefore rejected. Even though some experimental studies found 
reappraisal to be unrelated to physiological activation (Butler et al., 
2003; Egloff et al., 2006; Gross and Levenson, 1995, 1997), other studies 
suggest otherwise (e.g., Jamieson et al., 2012; Mauss et al., 2007). 
Additionally, a recent meta-analysis found reappraisal to be related to 
decreased heart rate, although the effects were rather small and het-
erogeneous across studies (Zaehringer et al., 2020). Using instructed 
reappraisal as a strategy in an unfamiliar setting such as the laboratory, 
involves active cognitive engagement and it therefore may increase 
sympathetic arousal (Gross and John, 2003), consistent with literature 
showing that reappraisal can increase physiological reactivity when 
there is high cognitive demand (e.g., Denson et al., 2014; Jamieson 
et al., 2013; Mauss et al., 2007). This sympathetic arousal is necessary to 
perform well on a task, and may help explain our findings. Importantly, 
previous research describes that using reappraisal for the first time may 
be effortful, but over longer cognitive training intervals, it may become 
less demanding, resulting in less sympathetic activation (e.g., Gaab 
et al., 2003). Whether this will benefit socially inhibited individuals as 
well, is worth investigating given the association of social inhibition and 
(mental) health-related problems (Denollet and Duijndam, 2019; 
Duijndam and Denollet, 2019). 

Each underlying facet of social inhibition contributed differently to 
emotional reactivity during instructed emotion regulation. Behavioral 
inhibition was associated to the sadness response to reappraisal, but not 
suppression. As behaviorally inhibited individuals show decreased 
conversational behaviors (Asendorpf, 1993) and have difficulty 
providing input on ideas (Keltner et al., 2003), having to interact with a 
stranger might distract them from actually doing the instructed reap-
praisal. Interpersonal sensitivity was related to the change in sadness in 
response to both instructed suppression and reappraisal. This result 
makes conceptual sense, given that interpersonal sensitive individuals 
report more negative affect during stress (Herres et al., 2018), and 
anticipate negative reactions (Denollet and Duijndam, 2019). In a social 
stress study with 312 undergraduate students, social inhibition was 
associated with increased emotional reactivity, with behavioral inhibi-
tion and interpersonal sensitivity being particularly associated with the 
sadness response (Duijndam et al., 2020). Social withdrawal was only 
associated with changes in sadness scores in response to suppression. 
High scorers on social withdrawal have a tendency to suppress their 
emotions during social interactions, and suppression does not 
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necessarily eliminate negative feelings but rather leaves them unre-
solved (John and Gross, 2004). During reappraisal however, which is a 
more adaptive emotion regulation strategy, social withdrawal was un-
related to the sadness response during reappraisal, which may indicate 
that reappraisal helps regulating the sad emotions more efficiently. 

4.1. Limitations and implications 

The results of this study should be viewed in light of its limitations 
and strengths. The sample was female-dominated (72%) and all partic-
ipants were undergraduate psychology students, which possibly limits 
generalization of the results to other populations. Especially given that 
older adults tend to respond more strongly to negative mood induction 
(specifically interpersonal loss), which was something that we could not 
control for (Mather and Ready, 2020). Another limitation was that we 
lost some physiological data due to equipment failure and unresolvable 
artifacts. Additionally, it is uncertain whether the physiological 
response portrayed the regulation effect, or the stressfulness of talking 
about loss with a stranger. More research is necessary to examine this 
further. Furthermore, although participants were instructed to use spe-
cific strategies during the conversations, it is difficult to prove whether 
the correct strategies were used, and we had to rely on self-report. 

A strength of this study is the large sample size, the use of stan-
dardized stimuli, and the fact that both emotional and physiological 
reactivity variables were taken into account. In addition, we investi-
gated multiple regulatory subsystems to create a more complete illus-
tration of the individual differences in physiological responses to 
emotion induction and regulation. Lastly, our analyses were performed 
while controlling for sex and task order. 

Future research investigating the effects of social inhibition on 
emotion regulation should focus on manipulation studies aiming to in-
crease skills in reappraisal, as emotion regulation strategies are learned 
strategies and not innate traits. Even though reappraisal was not as 
beneficial for socially inhibited individuals to down-regulate negative 
emotions compared to individuals low in social inhibition in our study, 
extensive training may enhance reappraisal resulting in less negative 
and more positive emotions, and less sympathetic nervous system ac-
tivity in general (e.g., Gaab et al., 2003), which is important for health 
improvements. Several studies have found positive treatment effects of 
reappraisal in reducing unpleasant emotions in individuals with social 
anxiety disorder (for review, see Dryman and Heimberg, 2018), which 
was mostly related to the ability to use reappraisal effectively. A study in 
which a short intervention was performed in socially anxious in-
dividuals, showed promising results in effectively training participants 
in using reappraisal in stressful situations (Kivity and Huppert, 2016). 
Additionally, reappraisal was found to effectively reduce negative 
emotions following social threats in socially anxious individuals (Goldin 
et al., 2009). Even though social inhibition is a personality trait rather 
than a disorder, it is related to social anxiety (Kupper and Denollet, 
2014), and there is reason believe that cognitive reappraisal training 
could benefit socially inhibited individuals in managing their sensitivity 
to threat (e.g., social evaluative concerns) and therefore decrease their 
emotional reactivity in social interaction. 

4.2. Conclusion 

Our results revealed that social inhibition was associated with a 
blunted parasympathetic withdrawal response to sadness induction. 
This suggests allostatic load already being present (McEwen and Stellar, 
1993) and ongoing in those participants with higher social inhibition, 
which contributes to stress-related health risks. In addition, social in-
hibition was associated with a smaller reduction in sadness experience 
during instructed emotion regulation. Instructed suppression was, as 
expected, associated with a typical physiological stress response, 
without social inhibition affecting its size. However, as socially inhibited 
individuals habitually use suppression as an emotion regulation 

strategy, this may have negative consequences for their health (Graves 
et al., 1994). Reappraisal was less successful in reducing sadness in so-
cially inhibited individuals, which may be due to their less proficient use 
of this emotion regulation strategy. Nonetheless, reappraisal boosted 
happiness, which was unrelated to social inhibition, and may indicate 
that individuals with high social inhibition may benefit from increasing 
their reappraisal skills. 
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