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ABSTRACT

Background: Being touched by others improves stress coping. However, when touch from others is unavailable,
feels uncomfortable, or is not considered to be safe (as in the COVID-19 pandemic), self-touch gestures, like
placing a hand on the heart, may provide an alternative way to experience less strain.

Methods and materials: In this study, 159 healthy participants (96 women, 62 men, and 1 non-binary person),
aged 18-35 years, were exposed to a standardized psychosocial stressor (Trier Social Stress Test) to investigate
whether self-soothing touch or receiving a hug from others has a buffering effect on their stress responses. In
addition, the study explored whether the effectiveness of these interventions is moderated by participants’
assignment to a “personal” or “social” identity condition. Participants provided salivary cortisol samples, wore an
ECG to record their heart rate, and completed self-report measures on stress-related subjective-emotional states
during the study.

Results: For cortisol, mixed-effects regression models with Touch and Identity as between-subject factors and
Time as the within-subject factor yielded a significant main effect for touch and a significant interaction of Touch
x Time indicating that cortisol levels differed between the experimental touch interventions. Post-hoc contrast
tests showed that participants in both touch conditions had lower cortisol levels after the stressor than those in
the control conditions. Heart rates and self-reported measures of stress neither differed across touch nor identity
conditions. The three-way interaction for Touch x Identity x Time was non-significant for either outcome
measure.

Discussion: These results are in line with previous work indicating that physical touch has protective effects on
physiological stress responses but not necessarily on self-reported stress and suggest that self-soothing touch and
receiving hugs are simple and yet potentially powerful means for buffering individuals’ resilience against stress.

1. Introduction

much stress are clearly necessary.
Skin-to-skin contact and other forms of tactile stimulation improve

Exposure to psychosocial stressors, such as social conflict or being
judged by others, leads to increased activity of the sympathetic nervous
system and the hypothalamic—pituitary-adrenal (HPA) axis, resulting in
increased fear inducing responses from the amygdala, higher cortisol
levels, as well as impaired cognitive abilities including working memory
function [1,2]. Some level of stress is considered helpful for optimal
development and functioning [1] but strategies for coping with too
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stress coping in animals and humans [3-6]. In healthy adults, receiving
massages has been associated with lower blood pressure, heart rate,
cortisol levels, and decreased anxiety [7-9]. Likewise, receiving
frequent hugs relates to lower blood pressure and heart rate [10,11] as
well as to faster recovery times after being infected with a common cold
virus [12]. One study showed that hugging a human-shaped cushion can
reduce cortisol levels [13], however no experimental studies, to the best
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of our knowledge, have so far directly looked at the effects of receiving
hugs on physiological and subjective-emotional responses to psychoso-
cial stress.

Touch improves stress coping through several physiological mecha-
nisms [4,14]. As touch from others (e.g., grooming) or consoling touch
(e.g., stroking, hand-holding, or hugging) communicates proximity,
positive affiliation, and might be perceived as a signal of safety [15],
positive effects are likely mediated by increased secretion of the neu-
ropeptide oxytocin [6,16-19]. Furthermore, receiving tactile stimula-
tion relates to increased vagus nerve activity in a pressure-based process,
which causes decreased physiological responses such as lower HPA ac-
tivity, lower autonomic nervous system activity, and lower overall
arousal [4,20].

Since receiving touch from others is not always available or may be
unwelcome (as in the current COVID-19 pandemic), soothing self-touch
gestures such as placing a hand on body parts like the heart, face, or
belly, may be an alternative way to improve stress responses [21].
Although the benefits of receiving touch from others are well docu-
mented, self-touch as a deliberate intervention to soothe stress responses
has received little attention so far. Anthropologists and psychologists
describe self-touching like caressing, rubbing, or scratching in primates
and humans as a subconscious and rarely intentional response to high
levels of negative affect or overall arousal as an attempt to reduce bodily
or emotional tension [22,23]. Yet, self-soothing touch is also an
expression of self-compassion [24], which can be summarized as a kind
and caring attitude towards the self in times of suffering that has been
found to improve stress coping [25]. If humans use self-touch as a
subconscious mechanism to regulate their emotions, we propose that
self-touch can also be used deliberately as a coping strategy against
stress. Mechanisms from self-touching on stress coping could work via
the same tactility as other-produced touching or via self-induced signals
of safety [26].

We further propose social identification as a potential moderator for
improved stress coping through touch. According to social identity
theory, our identity not only stems from individual but also from social
characteristics, namely group memberships [27]. The more groups in-
dividuals belong to and the more they feel as a part of these groups, the
better their health and stress coping (e.g., Refs. [28,29]). There is both a
theoretical foundation and some early empirical evidence as to why
social identity should moderate stress-reducing effects from receiving
touch from others. Affiliative touch like hand-holding or hugging can be
perceived as a form of social support [12,14]. Hausser et al. proposed
that individual identification with a group alters the perception of social
support as more benevolent [30]. Therefore, if individuals more strongly
identify with the sender of touch, they will be more likely to perceive the
sender’s intention as benevolent and without a hidden agenda [31].
Frisch et al. provide experimental evidence for this proposition [32]. In
their study, participants were manipulated to either perceive a personal
identity or a shared identity with two confederates, who would later
form the committee in the Trier Social Stress Test (TSST). During the
mock interview and the arithmetic phase of the TSST, the committee
then either displayed supportive (e.g., nodding, smiling) or unsuppor-
tive behaviors (e.g., frowning, shaking heads). The supportive behavior
of the committee only buffered the cortisol response to the stressor when
participants shared a social identity with the committee. In our study,
social support is given in the form of a hug.

On this basis, we propose that, compared to a placebo control group,
self-soothing touch (Hypothesis 1) as well as receiving a hug (Hypothesis
2) reduces cortisol levels, heart rate, and subjective-emotional respon-
siveness towards a stressor. In addition, we propose that social identi-
fication moderates the strain-relieving function of the two touch
conditions (Hypothesis 3). To provide a multi-dimensional measurement
of stress, we measured salivary free cortisol, heart rate, and subjective-
emotional stress evaluations, thus contributing to the literature on the
multi-modality of the stress response. Such a multi-model approach is
particularly important as subjective stress evaluations and cortisol level
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responsiveness during the TSST have been found to vary, indicating that
two different processes might take place [33,34]. We tested our hy-
potheses in a lab experiment with Touch (being hugged versus
self-soothing touch versus a control condition), and Identity (personal
versus social) as between-subject factors. We repeatedly measured
salivary free cortisol, heart rate, and subjective-emotional stress evalu-
ations with Time as the within-subject factor before, during, and after
the TSST.’

2. Method
2.1. Participants

To detect a medium effect size with 80% power, we aimed for 30
participants for each of the six conditions and 180 participants in total
[35]. Exclusion criteria for participation were regular smoking (more
than 5 cigarettes/week), substance abuse, use of hormonal medication
(e.g., L-Thyroxine), or current symptoms of mental or physical illness
[36]. In addition, women who used any form of oral contraception (birth
control pill, hormone patch, etc.) were not allowed to enter the study
[37]. Furthermore, participants had to be between 18 and 35 years old
and abstain from food or coffee 1 h prior to the lab experiment.

Participants were recruited on the campus of a German university
and via social media networks and told that they would participate in a
study on assessment centers. All sessions lasted 90 min and took place
between 12.30 p.m. and 5.00 p.m. to control for diurnal changes in
cortisol secretion [38]. Participants were informed about the general
study procedures and provided written consent to their participation.
The true aims of the study were explained after the experiment. After
completing the study, participants either received 13€ or course credit
for their participation. The study was approved by the ethics committee
of the authors’ university (2018-01) and followed the protocols laid out
by the Declaration of Helsinki.

Between May 2018 and December 2018, a total of N = 162 in-
dividuals participated in the study. Since the participants were recruited
from a limited pool, finding the last 18 participants turned out to be
unreasonably difficult, which is why we settled for 162. Two partici-
pants reported being in therapy for a current mental disorder and were
therefore excluded. One participant did not complete the experiment
and was excluded because of language difficulties following the study
protocols, leaving a final sample of N = 159 participants for data anal-
ysis. These 159 were, on average, 21.78 years old (SD = 3.38) with 96
women, 62 men, and 1 person of non-binary gender.

2.2. Procedure

Before coming to the lab, the participants completed an online
questionnaire providing information on demographics (e.g., age,
gender, course of study, study subject), health data (e.g., previous ill-
nesses, medication for chronic diseases, drug abuse), and several per-
sonality measures.” One participant and three confederates were then
invited to each session. Participants provided written consent, were
informed about the study procedure, and filled out another question-
naire measuring a number of cortisol-related variables (e.g., nicotine
consumption, allergies, time awake, last food, and caffeine-intake, acute

! The pre-registration document to the study used in this article can be found
at https://osf.io/9xdum/.

2 Data from a number of demographical, personality and well-being measures
was collected but not used in the present analysis. These include recent food
intake, recent physical activity, the Primary Appraisal Secondary Appraisal
(PASA) questionnaire, the Ten Item Personality Measure (TIPI), the WHO-5
Well-being Index, the Satisfaction with Life Scale (SWLS), 1-item collective
self-efficacy, 1-item social support, and 1-item dispositional identification. We
report all other measures, manipulations, and exclusions in the study.
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physical symptoms of illness, and acute medication intake).

The participants were then randomized using block randomization to
one of six study conditions (hug versus self-soothing touch versus con-
trol and personal versus social identity) with potential sizes of 30 for
each study condition. Participants and confederates were blind to
randomization, experimenters were not. We then manipulated partici-
pants’ social identity similar to Ref. [28]. In the personal identity condi-
tion, participants sat on individual tables, wore a shirt in a unique color,
and wrote their name on their name tag. They were instructed to think
about what differentiated them from the other participants. Finally, they
were told to think of ways to improve the quality of life in their home-
town and that their performance would be scored individually. At the
end of this priming phase, individual photos were taken.

In the social identity condition, participants and confederates sat on a
group table, wore same-colored shirts, and came up and wrote a group
name on their name tags. They were asked to think about what made
them similar to the other participants and how they, as a group, could
improve the quality of life in their hometown. The confederates were
also asked to behave in a congenial way (smile more, tell jokes, and
interact) with the actual participant to build rapport. In the social
identity condition, group pictures were taken. After the social identity
manipulation, fake lots were drawn to determine roles during the TSST,
where the actual participant always drew the role of the interviewee.

Psychosocial stress was induced using the Trier Social Stress Test
(TSST, [39]). In the TSST, participants were told that they would be
interviewed for their dream job and that they would have to complete
two tasks, an individual speech about themselves and a mental arith-
metic task. Then, they received 5 min alone in the room to prepare
before presenting their speech in front of a committee formed from two
of the three confederates and a fake video camera. After the interview,
participants had to count backward in steps of 17, starting from 2043,
and had to start over whenever they made a mistake. The confederates
were instructed to only provide neutral non-verbal responses and to
encourage the presenters to go on whenever they stopped. Studies
indicate that the TSST enables a naturalistic exposure to a
socio-evaluative stressful situation, with two-to three-fold increases in
HPA axis and cardiovascular responses [34,39]. Deviating from the
standard TSST and to manipulate touch, the experimenter re-entered the
room after the preparation time for the interview was over and told the
participants that they would receive a support measure determined by
drawing manipulated lots that read “hug,” “self-soothing touch,” or
“paper plane”.

Participants in the hug condition received a standardized hug from
one of five female heterosexual student assistants (with one confederate
hugging 41 participants and the other four confederates hugging one to
five participants in the hug-condition). The experimenter explained that
the confederate and the participant would hug for 20 s (duration based
on Ref. [10]). They were asked to concentrate on their breathing and
notice the warmth of the embrace. As an option, they could close their
eyes. The hug was always initiated by the confederate, first making eye
contact, then embracing front-to-front with the right arm reaching over
and the left arm reaching under, hands placing flat on the lower back
and shoulder blade. To avoid any sexual connotations of the hug, the
confederate wore loose clothes and no make-up or perfume.

Participants in the self-soothing touch condition were instructed to give
themselves 20 s of self-soothing touch to calm themselves. The duration
was the same as for participants who received a hug to make the two
touch conditions comparable. Neff and Germer suggest that what works
for one person may not work for other people [21]. Because of this, the
experimenter demonstrated and mirrored various options, such as
placing one or two hands on the heart or belly or stroking the upper arms
or cheeks. Participants were encouraged to choose a way to touch that
felt comfortable for them and were then instructed to take two to three
deep breaths and concentrate on the warmth, the pressure of the hands,
and their breathing. Virtually all participants chose to place the right
hand on the left side of the chest (above the heart) and the left hand on
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the abdomen.

Participants in the control group built a paper plane.

To evaluate how long the effects of the touch and identity manipu-
lations lasted and to evaluate their effects on the speed of recovery from
the stressor, participants stayed in the lab for another 40 min after the
TSST ended, providing saliva samples, and filling out evaluations of
subjective-emotional responses to stress. We gave them magazines to
read during that time.

2.3. Measures

Fig. 1 shows the times when measurements of stress-response in-
dicators were taken. The measures are described in the following.

2.3.1. Subjective-emotional stress responses

The German version of the Subjective-Emotional Response Scale
(SERS; Schlotz and Kumsta, unpublished manuscript) was used as the
main dependent variable to record subjective emotional stress responses
during the experiment. Participants answered the SERS seven times
during the study (see Fig. 1). The SERS comprises 15 items asking for the
intensity of current feelings and moods (e.g., calm, nervous, guilty,
satisfied) on a 4-point response scale (0 = not at all to 3 = very much so)
and comprises three subscales, namely tense arousal (o = 0.80, averaged
over seven measurement points), self-conscious affect (« = 0.78), and
anxiety (o« = 0.68). Three participants failed to complete any of the SERS
items, leaving a sample of n = 156. Item responses relevant for the peak
analysis were missing from another two participants (for tense arousal
and self-conscious affect) and four participants (for anxiety), respec-
tively. Due to one missing gender indicator and four missing start time
records, the final sample size for analysis was n = 147 for anxiety, and n
= 149 for tense arousal and self-conscious affect.

2.3.2. Salivary cortisol

Several studies indicate that salivary cortisol is a reliable and valid
measure of HPA activity and the physiological stress response [36].
Cortisol was collected six times (see Fig. 1) using a commercially
available tool for sampling saliva (Salivette Cortisol, Sarstedt, Ger-
many). The samples were stored at —20 °C until analysis at the
Stress-biomarkers Lab at the Institute of Medical Psychology, Heidelberg
University Hospital, Germany. To obtain 0.5-1.0 ml clear saliva with
low viscosity, the samples were thawed, and then centrifuged at 1000
rpm for 2 min. A commercially available enzyme immunoassay was used
to analyze the free cortisol concentration in saliva (ELISA; Demeditec,
Kiel, Germany). Free saliva inter- and intra-assay coefficients of varia-
tion were 12.50% and 4.12%, respectively [40]. The reliable range of
the assays used to determine free saliva concentration was 0.024-30
ng/ml. No values were below this range; however, 13 values exceeded
the range and were therefore excluded from the data. Valid measures for
all 6 assessments were available for 110 participants, no valid cortisol
measures were available for 5 participants, and 39 participants had
between 1 and 5 missing measures (mostly due to insufficient amounts
of saliva in the Salivette). Due to one missing gender indicator and one
missing start time record, the final sample size for cortisol analysis was n
= 152. Cortisol missingness was independent of treatment (Fisher’s
exact p = .27). Cortisol measures were transformed to nmol/L before
analysis. The distribution of cortisol measures in this sample showed a
typical positive skewness. However, as sensitivity analyses using
Box-Cox transformation of cortisol measures [41] to approximate a
normal distribution yielded very similar results, we report results from
modeling cortisol measures on the nmol/L scale.

2.3.3. Heart rate

Heart rate was used as an indicator for stress-related autonomic
nervous system responses. Participants wore an unobtrusive and silent
transportable mini-ECG device with two electrodes, one on the right side
of the body in the middle below the clavicle and the second electrode on
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Fig. 1. Study procedure and measurement timings.

the left side below the heart (eMotion Faros 360°; Mega Electronics Ltd,
Kupio, Finnland). All heart rate data sets were extracted and prepared
for data analysis using HRV Scanner professional software (BioSign
GmbH, Ottenhofen, Germany). Heart rate (beats per minute) was
recorded from the beginning of the preparation phase until the end of
the arithmetic task phase of the TSST (Fig. 1). Measurements were then
divided and averaged for the three phases of the TSST (5 min at the
beginning, two times 5 min for the TSST). The measurement during the
intervention that followed the preparation phase of the TSST was edited
out of the data because participants had to move, which influences heart
rate measurements. Complete heart rate data were available for 119
participants, with 35 participants whose data were incomplete due to
technical issues and 5 participants with partly missing data resulting in a
sample of n = 124 for the heart rate analysis. Heart rate missingness was
independent of treatment (Fisher’s exact p = .61).

2.3.4. Additional measures

To rule out potentially confounding factors after randomization,
several additional measures were included in the study. Dispositional
stress reactivity was measured using the Perceived-Stress Reactivity
Scale (PSRS, different answers formats ranging from 0 to 2, « = 0.80,
[42]). The Chronic Stress Screening Scale (CSSS; 1 = never to 5 = very
often, o = 0.88) from the Trier Inventory for Chronic Stress (TICS; [43])
was used to assess chronic stress. Dispositional self-compassion was
measured using the German short form of the Self-Compassion Scale
(SCS-D; @ = 0.82, 1 = never to 5 = always, [44]). Furthermore, we added
two manipulation checks. To measure liking of the support measure
(self-soothing touch, receiving hug, building paper plane), we used 8
adjectives (e.g., comfortable, nice, pleasant) on a scale from 1 (do not
agree at all) to 6 (very much agree, o = 0.83). Finally, we measured how
participants in the hug condition evaluated the confederate who pro-
vided the hug using 8 items (e.g., likable, warm, cold [reverse-coded])
on a scale from 1 (do not agree at all) to 6 (very much agree, a = 0.94).

2.4. Data analysis

Data were analyzed with Stata/SE (Version 15.1).

As cortisol levels are associated with time of day due to circadian
rhythmicity [38], and stress-related cortisol levels typically differ be-
tween men and women [45], all models for hypothesis testing were
adjusted for gender and TSST start time. As similar associations were
also observed between gender and start time as well as heart rate and
subjective-emotional responses, those models were adjusted in the same
way [37].

We had pre-registered that we would analyze the data using area
under the curve (AUC) values and ANOVA. However, since we

encountered more missing values for cortisol levels and heart rate than
anticipated, we decided to conduct our main analyses using mixed-
effects regression models with maximum likelihood estimation
because these models were both a better fit to the data and better
equipped to handle missingness in the data set [46]. We included a
first-order autoregressive covariance matrix of residuals in these ana-
lyses to account for attenuation of correlations between more distal
measures. Likelihood ratio tests confirmed a superior fit of the models
including the autoregressive residual parameter over models with
compound symmetry residual structure for both cortisol, Ay%(1) =
255.61, p < .001, and heart rate, sz(l) =5.02, p = .025.

We tested our hypotheses for cortisol and heart rate as outcomes
using models with three fully crossed categorical predictor variables:
fixed measurement Time (6 for cortisol, 3 for heart rate), Identity (social
versus personal identity), and Touch (self-soothing touch versus
receiving a hug versus control). Full model follow-up contrasts tested for
all fixed effects, with the three-way interaction Identity x Touch x Time
testing our main hypothesis. Since a sample of N = 159 in the context of
testing fixed effects is still considered small and because study condition
sizes were not perfectly balanced (see Table 1), degrees of freedom used
for hypothesis tests for the fixed effects were based on small-sample
approximation using the Kenward-Roger method [47].

For the subjective-emotional measures as outcomes, the mixed-
effects regression model fit was poor. As an alternative data analysis
approach with better model fit, we calculated individual peak responses
by subtracting the maximum of the measures just before and just after
the TSST from the initial measure and used ANOVA models with the
individual peak response as outcome and two fully crossed categorical
predictor variables: Identity salience and touch conditions. The two-way
interaction Identity x Touch tested our main hypothesis for these
outcomes.

To calculate standardized effect sizes, we conducted repeated-
measures ANOVA for cortisol and heart rate data for calculation of
standardized effect size estimates (see Tables A.1 and A.2 in the ap-
pendix). Local effect size indicators fz [35] were calculated based on
these ANOVA results. Following Ref. [35], fZ close to 0.02 indicates
small effects, fZ close to 0.15 medium sized effects, and fZ close to 0.35
large effects. In addition, we present mean differences as estimators of
unstandardized effect sizes for statistically significant effects (cf. [48]).

We used G*Power [49] to conduct a sensitivity power analysis based
on data from our statistical models. The analysis for cortisol as outcome
had 80% power to detect a within-between interaction effect of size f? =
0.031, assuming a sample size of 152 participants, 6 groups, 6 mea-
surements, a = 0.05, ICC = 0.56, and € = 0.39. The analysis for heart rate
as outcome had 80% power to detect a within-between interaction effect
of size fZ = 0.023, assuming a sample size of 119 participants, 6 groups,
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Mean scores (SE), and frequency of gender, for samples by experimental conditions, and results of difference tests.

Personal identity (n)

Social identity (n)

Effects (p)

Self-touch (28) Hug (27) Control (27) Self-touch (25) Hug (26) Control (26) Identity Touch Identity x Touch
Gender female 19 (68%) 18 (67%) 14 (52%) 20 (80%) 12 (46%) 13 (54%) 91 .066 .21
Age 22.1(0.74) 21.8 (0.74) 22.8 (0.84) 21.6 (0.58) 21.4 (0.44) 21.3 (0.75) .15 .79 .68
SC 3.2(0.14) 3.1 (0.11) 3.4(0.13) 3.3(0.14) 3.3(0.10) 3.2(0.16) .93 .55 .26
PSRS 22.9 (1.76) 21.6 (1.54) 22.2(1.55) 22.3(1.83) 21.2(1.35) 19.9 (1.73) .40 .63 .80
CSSs 22.0 (1.68) 18.7 (1.81) 17.9 (1.76) 18.7 (1.52) 19.5(1.92) 17.4 (1.83) .51 .32 .49
Start time® 14.6 (0.25) 14.2 (0.20) 14.5 (0.27) 14.6 (0.21) 14.2 (0.26) 14.1 (0.26) .55 .16 .62

Note. SC = Self Compassion Scale Short Form; PSRS = Perceived Stress Reactivity Scale; CSSS = Chronic Stress Screening Scale.

@ Hours since midnight.

3 measurements, a = 0.05, ICC = 0.71, and € = 0.89. The analysis for
subjective-emotional responses as outcomes had 80% power to detect an
interaction effect for the interaction of 2 between-subjects factors of size
fZ = 0.067, assuming a sample size of 147 participants, 6 groups, df,ym
= 2, and a = 0.05 (sample size varied per outcome because missingness
was not evenly distributed across all outcomes as described in the
measures section).

The distributions of residuals showed that all models adequately
represented the data. Sensitivity analyses excluding potentially influ-
ential outliers (standardized residuals with M + 3 SD) or using only
participants with complete data did not substantially change the results.
Therefore, we report the results from models including all available
data.

3. Results
3.1. Descriptive statistics, manipulation and randomization checks

Table 1 shows the descriptive statistics and the results for the dif-
ference tests on relevant background variables by condition. We found
an overrepresentation of women in the self-soothing touch condition
(logistic regression with Touch as predictor: ORself.touch = 2.48, p =
.031). Similarly, the exact time of day when the experimental procedure
was started for a participant was on average slightly, although not sta-
tistically significant, later in the self-soothing touch conditions.

Before proceeding with hypotheses testing, we checked how partic-
ipants perceived the touch manipulations and how participants in the
hug condition hug evaluated the confederates who provided the hug.
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Table 2
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Results of contrast tests for main effects and interactions of experimental conditions for cortisol and heart rate from mixed-effects regression models adjusted for sex

and start time.

Cortisol Heart rate

F (df, ddf) p f2 F (df, ddf) p f2
Identity 1.39 (1, 156.9) .67 0.008 1.52 (1, 111.3) 22 0.013
Touch 3.15 (2, 156.4) .046 0.025 0.22 (2, 111.4) .80 0.004
Identity x Touch 0.05 (2, 156.5) .61 0.006 0.68 (2, 111.3) .51 0.011
Time 32.12 (5, 514.0) <.001 0.227 132.39 (2, 149.6) <.001 1.177
Identity x Time 0.55 (5, 514.0) .55 0.004 2.64 (2, 149.6) .075 0.028
Touch x Time 3.65 (10, 554.0) <.001 0.055 1.42 (4, 166.7) .23 0.026
Identity x Touch x Time 0.20 (10, 554.0) .99 0.002 1.48 (4, 166.7) .21 0.022

Note. ddf = denominator degrees of freedom (Kenward-Roger adjusted); Standardized effect size indicator f* based on repeated measures ANOVA (see appendix

Table A.2 and Tables A.4 for details).
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Fig. 3. Cortisol trajectories by touch condition. Footnote: Note. Thick lines and
dots indicate averages for each condition (£95% CIs). Thin lines indicate in-
dividual trajectories.

Results from a one-way ANOVA show that there was a significant effect
of Touch on support liking, F(2, 149) = 10.38, p < .001. Participants in
the two touch conditions evaluated support as more pleasant than those
in the control conditions (Self-touch: M = 4.56, SD = 0.88; Hug: M =
4.07, SD = 0.77; Control: M = 3.84, SD = 0.75) with significant differ-
ences between self-soothing touch versus hug (p = .01) and self-soothing
touch versus control (p < .001), but no significant difference between
hug and control condition (p = .40). Inversely, this implies that partic-
ipants who were hugged liked their support measure at least as much as
those who built a paper plane—an indication that receiving a hug was
not perceived as uncomfortable. Furthermore, the five confederates who
provided the hug were extremely well liked with M = 5.1, SD = 0.88
with no significant differences among them, F(4, 46) = 1.37, p = .26.

3.2. Results for of hypothesis testing

Fig. 2A-E shows the average and the individual trajectories for
cortisol, heart rate, and the three subjective-emotional measures,
Tables A3, A4, and A5 in the online appendix summarize the exact
observed cell means. The Figures show substantial increases in response
to the TSST in all measures. Tense arousal and anxiety further showed an
increase in anticipation of the stress test (from t; to to).

3.2.1. Results for the cortisol responses
Table 2 shows the results of the fixed effects contrast tests for

Table 3
Contrasts of cortisol levels between Touch conditions and the control condition
by time.

Contrast  Mean 95% CI F df ddf P
difference - - - —
(nmol/L) LL UL
Self-touch versus Control
Time 1 —0.02 -5.16 5.11 <0.01 1 323.25 .99
Time 2 1.71 -3.54 6.97 0.41 1 351.04 .52
Time 3 -7.26 -1254 -199 7.33 1 351.58  .007
Time 4 —8.46 -13.71 -3.21 10.03 1 339.47 .002
Time 5 —10.09 -15.37 -4.81 1413 1 338.42  <.001
Time 6 —5.04 -10.36  0.28 3.47 1 337.66  .063
Hug versus Control
Time 1 —0.05 -5.19 5.09 <0.01 1 336.30 .99
Time 2 1.15 —4.05 6.36 0.19 1 356.98 .66
Time 3 -7.75 -12.99 -251 846 1 361.15  .004
Time 4 —6.34 —11.59 -1.10 5.65 1 355.64 .018
Time 5 -7.81 -13.06 -2.57 8.8 1 347.10  .004
Time 6 -3.98 -9.27 1.31 2.19 1 346.80 .14

Note. CI = confidence interval; LL = lower limit; UL = upper limit; ddf = de-
nominator degrees of freedom (Kenward-Roger adjusted).

cortisol. The TSST induced an increase in cortisol across all experimental
conditions (p < .001). The average cortisol levels among the three touch
conditions across time differed significantly (p = .046). In particular,
they were lower in the self-touch condition (mean difference = —4.86
nmol/L, 95% CI [—9.00, —0.72], F(1, 155.9) = 5.38, p = .022) as well as
the hug condition (mean difference = —4.13 nmol/L, 95% CI [—8.21,
—0.05], F(1, 158.2) = 3.99, p = .047) compared to the control condition.
The experimental touch manipulations also had a significant effect on
cortisol levels over time in response to the experimental stressor, as
evidenced by the Touch x Time interaction (p < .001).

Fig. 3 shows the average cortisol trajectories by Touch conditions
and Table 3 shows the contrasts between conditions within measure-
ment occasions. Cortisol levels in both touch conditions were signifi-
cantly lower in comparison to the control condition for three out of four
measurement occasions following the stress test. At the last measure-
ment occasion (i.e., 40 min after the stressor ended), cortisol responses
had largely reached pre-stress levels, and—similar to pre-stress cortisol
levels—no significant differences between conditions were observed.

Contrary to our expectation, the three-way interaction Identity x
Touch x Time was not different from zero, indicating that the cortisol
responses were not influenced by the two experimental factors in the
way we hypothesized (p = .99). In addition, the identity manipulation
did not have an effect on cortisol trajectories (Identity x Time interac-
tion, p = .55) and on average cortisol levels (main effect of Identity p =
.67).

The standardized effect-size indicator for the interaction effect Touch
x Time was f © = 0.055, indicating a small effect. However, the un-
standardized effect sizes, as indicated by the mean differences shown in
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Table 3, are substantial and well beyond a level that has been found to
separate responders from non-responders to stress [50]. In sum, for
cortisol, these results fully support both Hypothesis 1 and Hypothesis 2.
Hypothesis 3 was not supported.

As an exploratory analysis, we conducted a logistic regression to see
if participants who showed a decline in cortisol levels from t; to t3 (as an
indicator of stress levels in the anticipation phase of the TSST) were
over-represented in the touch conditions. The logistic regression
revealed that CortDecliners were indeed over-represented in both touch
conditions, ORroych = 0.59, 2 = 2.32, p = .02, with significant differ-
ences for self-soothing touch versus control and insignificant differences
between hug versus control, ORseif.touch = 2.96, z = 2.36, p = .02, ORpyg
=240,z =1.87,p = .06.

Fig. 3 also shows that all conditions reached their peak cortisol levels
at t4. To explore if recovery started earlier in the touch conditions, we
calculated a linear regression to predict cortisol levels at ts based on
cortisol levels at t4 and a dummy variable for each touch condition (self-
soothing touch = 1, 0; hug = 0, 1; control = 0, 0). A significant
regression equation was found, F(3, 126) = 165.45, p < .001, with an R?
= 0.80. The self-soothing touch condition dummy predicted changes in
cortisol levels, implying that recovery started earlier in the self-soothing
touch condition than in the control condition, b = —4.32, SE = 1.64, t
(46) = —2,63, p = .01. The hug condition dummy did not predict
changes in cortisol levels, b = —2.52, SE =1.63, t(43) = —1.55,p = .13),
so no inference can be made that recovery started sooner in the hug
condition compared to the control condition even though the effect
pointed in the expected direction.

3.2.2. Results for the heart rate responses

The results of the fixed effects contrast tests for the heart rate re-
sponses are shown in Table 2. The significant effect of Time indicates
that the TSST induced substantial changes in heart rate across conditions
(p < .001). Hypothesis 1 and 2 received no support as the heart rate
trajectories over time did not differ between touch conditions (Touch x
Time interaction, p = .23). In addition, contrary to Hypothesis 3, the
three-way interaction Identity x Touch x Time was not statistically sig-
nificant (p = .21). In sum, for heart rate, Hypotheses 1, 2, and 3 were not
supported by the data.

3.2.3. Results for the subjective-emotional responses

Although the participants responded with an increase in stress-
related subjective-emotional states to the stress situation over seven
measurements (cf., Fig. 2C-E), neither experimental touch, identity
manipulation, nor their interaction had a significant effect on tense
arousal (Touch: p = .82, Identity: p = .23, Identity x Touch: p = .11), self-
conscious affect (Touch: p = .83, Identity: p = .57, Identity x Touch: p =
.89), or anxiety (Touch: p = .95, Identity: p = .83, Identity x Touch: p =
.25), providing no support for Hypotheses 1, 2, and 3.

4. Discussion

The negative consequences of too much stress are pervasive, and
humans require strategies to cope with them [1]. In this randomized
controlled study, we investigated the effectiveness of self-soothing touch
and receiving hugs from another person on stress responses and whether
the benefits from these would be moderated by social identity. We found
that, compared to a control group, participants providing self-soothing
touch and receiving hugs had reduced cortisol secretion responses to
socio-evaluative stress with lower average cortisol values on three out of
four measurement points after the stressor. Furthermore, the
self-soothing touch condition showed faster recovery of cortisol levels to
near-baseline after the stressor than the control group. Heart rate and
self-reported psychological stress increased due to the stressor, but these
changes were not modulated by touch conditions. In addition, sharing a
social identity did not moderate the effectiveness of the touch
interventions.
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The effectiveness of receiving hugs is supported by our study as we
found significant differences between participants who received hugs
and the control group in cortisol levels, but we did not find these dif-
ferences for heart rates and subjective-emotional stress evaluations.
Other studies found beneficial effects for affiliative touch like hugging or
hand-holding on outcomes such as blood pressure and recovery times
after a virus infection (e.g., Refs. [11,12]), so our study extends the
literature on the benefits of receiving hugs. However, the magnitude of
the effects of receiving a hug in our study was lower than those in other
studies. This may be because even though we manipulated closeness
between participants and confederates, participants were still hugged by
a confederate and not a real friend or family member. Triscoli et al.
found that being stroked by a romantic partner was rated as more
pleasant than self-stroking [51]. In contrast, participants in our study
rated the self-touch as more pleasant than receiving a hug potentially
because being touched by the romantic partner is perceived differently
and has different effects than being hugged by a relative stranger.
Nevertheless, both touch conditions were liked well (and more than the
neutral control condition). Future research could invite friends or sig-
nificant others to the lab and ask them to provide the hug, which might
increase the effectiveness of this intervention (cf. [8]).

The results further suggest that self-soothing touch buffers cortisol
responses to stress as average cortisol levels in the self-soothing touch
condition were lower than those of the control conditions following the
stressor. Participants in the self-soothing touch condition were also over-
represented among those who displayed a reduction in cortisol values
from t; to t3 (as an indication of stress during the anticipation phase). In
addition, our exploratory analyses showed that cortisol values recovered
to baseline faster in the self-soothing touch condition than in the control
condition. Since, unlike touch from others, self-touch by definition
cannot communicate social support, this finding seems particularly
important for individuals who are temporarily or permanently isolated
from others. Self-soothing touch is a risk-free and easily administered
method of expressing self-compassion [21]. As Gilbert argued, humans
not only have the need to acquire new things and to protect themselves
from harm, they also need to feel content and safe—a need that
self-soothing touch can ease [52]. Thus, self-soothing touch could serve
as a reliable and predictable signal for self-induced safety [15,26] and
give a sense of being loved and cared for in moments of distress. Future
research is needed to investigate this preliminary conclusion further.

We did not find a significant interaction effect of social identity and
touch on any stress indicator, suggesting that the stress-reducing effect
of touch was not moderated by social identity. These findings are in line
with our assumptions for self-soothing touch. Self-soothing touch was
self-administered with no observers other than the experimenter, which
makes self-soothing touch mostly independent from other people.
However, for receiving hugs, we expected that sharing a social identity
would increase the effectiveness of the hug, which was not the case.
Social identity theory suggests that humans derive large parts of their
identity from group memberships [27] and several studies have found
positive effects of shared social identities for cortisol levels after a
stressor (e.g., Refs. [28,32]). We used the same manipulation to prime
personal and social identities as these studies, yet our study did not
support a stress-buffering effect of social identities. In the social identity
condition, the committee members formed an in-group with the
participant. Since participants identified with the confederates in the
first part of the experiment, making them the interviewers later could
have made socio-evaluative stress worse as their judgment may have
suddenly mattered more when participants wanted to be liked or be seen
as competent, which may have offset any positive effects derived from
forming a social identity in the first part of the study. Alternatively,
participants in the personal identity condition may have developed
indifference towards the confederates and their judgment, thus
receiving an unintended stress-buffering effect that may have masked
the benefits from shared social identities. Despite these potential ex-
planations, our finding that receiving hugs from people is effective
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irrespective of sharing a social identity with them is in line with the
benefits of massage therapy [4,5] and animal studies (e.g., Ref. [6]).

It is interesting to note that subjective stress evaluations after touch
were unaffected in this study. It appears that while cortisol responses to
touch were present and persistent, this effect may not have reached
consciousness. In fact, a discrepancy between psychological and physi-
ological responses to stress has been found in several previous studies (e.
g., Refs. [8,28,32,53]), however issues of social desirability or
self-presentation may also have contributed to this missing correlation.
The lack of findings for subjective-emotional stress responses might also
be due to faster changes in these states, whereas changes in psycho-
physiological outcomes are slower. Covariance between stress response
systems can only be detected when these specific dynamics are consid-
ered [54]. The absence of statistically significant effects of our experi-
mental interventions on stress-related subjective-emotional states might
well be due to insufficiently dense sampling at the relevant period.

Both touch interventions had buffering effects on cortisol responses
to the stressor. We suggested two broad mechanisms that could explain
these effects (tactile stimulation and activation of self-related psycho-
logical constructs). First, stress-buffering effects may be due to tactile
stimulation of C-fiber receptors that then stimulate vagal and para-
sympathetic activity that helps regulate stress responses [4,20].
Self-soothing touch and receiving hugs share this mechanism. Second,
receiving hugs also features non-tactile aspects and activation of psy-
chological constructs such as social support, proximity, positive affilia-
tion, or belonging, whereas self-soothing touch may invoke feelings of
self-induced safety [15,26], intentionality, and mindfulness. For
self-soothing touch and receiving hugs, the psychological mechanism
likely also involves increased secretion of the neuropeptide oxytocin.
Future research could test these suggested mechanisms for effects on
stress coping from touch directly.

The findings for self-soothing touch and receiving hugs are encour-
aging. However, the present study is not without limitations, and further
research is needed. First, most of the participants were Psychology
students, and the majority were women and between 20 and 25 years
old. This limits the generalizability of our findings to a broader popu-
lation. Second, some participants in our study had relatively high
cortisol values with basal values exceeding 30 nmol/l and peaks
exceeding 80 nmol/], suggestive of higher baseline stress levels/cortisol
responses in these individuals. Third, in addition to tactile stimulation,
self-touching and being hugged may share other aspects such as positive
affect, increased attention, or heightened arousal. A comparison with
the control condition does not allow to rule out these alternative ex-
planations for the effects obtained in the present study.

Fourth, there was some data loss in all variables, and our models had
to account for this missingness in their estimations, which likely intro-
duced small biases in our results. To obtain reliable measurements for
cortisol, we controlled for various variables such as gender, physical
activity, time of day, smoking, drug abuse, use of oral contraceptives,
and various medical conditions [36,37]. However, menstrual cycle
phases or other third variables may have influenced cortisol levels. We
adjusted our models for most potentially confounding variables and did
sensitivity analyses testing the influence of outlying observations and
are therefore confident that our findings are not due to confounding
variables. Yet, future replication attempts are certainly needed.

Several questions remain open after the current research on self-
soothing touch and touch in general. For instance, we looked at self-
soothing touch between the anticipation phase and the mock inter-
view of the TSST. As such, self-soothing touch had both a calming
function (stress from the anticipation phase) and a protective function
towards future stress (stress from the upcoming interview). One
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interesting avenue for future research could be to first stress partici-
pants, then use self-soothing touch after the stressor and see if they feel
better or if their recovery time to baseline cortisol levels can be short-
ened (exclusive focus on the calming function). Furthermore, we used
self-soothing touch in healthy humans in the context of socio-evaluative
stress. A natural extension of the research would be to look at clinical
populations, such as patients with anxiety or depression, or to other
challenging situations, including acute and chronic pain.

5. Conclusion

As humans, we need to be touched from the moment we are born to
fulfill our need to feel content and safe [52,55]. Life holds many chal-
lenges threatening this need. When touch from others is unavailable or
does not feel comfortable, self-soothing touch provides an alternative
way to re-activate memories of support and compassion in the face of
stress. This seems all the more relevant at the time of writing this paper
(i.e., during the COVID-19 pandemic). Governments all around the
world have asked their citizens to keep physical distance from each
other, sometimes issuing shelter-in-place orders (such as in Italy in
March and April 2020). Thus, when we are prevented from meeting (and
being touched and hugged by other people), self-soothing touch may not
only be an effective option to reduce the effects of the stress resulting
from the pandemic—for many, it may be the only option.
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