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ABSTRACT 

Acute stress is known to increase prosocial behavior in men via a "tend-and-befriend" pattern originally pro­
posed as a specifically female stress response alongside the fight-or-flight response. However, the direct effects of 
acute stress on women's social behavior have not been investigated. Applying the Trier Social Stress Test for 
groups (TSST-G), 94 women were confronted with either a stress or control condition. We repeatedly measured 
their subjective stress responses, salivary cortisol, and heart rate, and investigated their level of trust, trust­
worthiness, sharing, punishment and non-social risk using social decision paradigms. We detected significant 
increases in all stress parameters, as well as the wish for closeness during the stress condition. Acute stress 
exposure elevated prosocial trustworthiness and sharing without affecting non-social risk behavior. These results 
are in line with findings on the effects of stress in men, and further validate the tend-and-befriend pattern as one 
possible behavioral response during stress in humans. 

1. Introduction 

Stress is an omnipresent phenomenon in our lives. With its consequences 
on a subjective level and various physiological adaptations (eg, increases in 
cardiovascular activity, cortisol secretion or immune system changes), it re­
veals a strong impact on wellbeing and health (Chrousos, 2009; Foley and 
Kirschbaum, 2010; Kemeny and Schedlowski, 2007; Menard et al., 2017), 
especially when it concerns chronic states of stress or repeated, intense 
stressful situations entailing few options to recover (Karatsoreos and 
McEwen, 2011; McEwen et a!., 2015). However, acute stress also influences 
cognition and behavior (Schwabe and Wolf, 2010, 2009). Sincethe stress 
response shifts the physiological system to a state of higher vigilance and 
physical capacity, this state and possible behavioral consequences were in­
terpreted from an evolutionary perspective: the term 'fight-or-flight response' 
circumscribes the two behavioral routes a stressed person (facing a threat) 
can take (Cannon, 1939). In addition a freeze modus is often added to the 
model in terms of "freeze-fight-or-flight" (Roelofs, 2017). But modern wes­
tern society humans rarely face wild dangerous animals, and the dilemma to 
choose fight or flight as consequences of acute stress appears to offer neither 
always appropriate nor effective behavioral patterns for all stressful situa­
tions. By introducing the tend-and-befriend pattern (Taylor et al., 2000) 
Shelley Taylor offers an alternative response pattern initially delineated for 

women but later expanded to men, too (Taylor, 2006). She describes the 
pattern as an additive to the fight-or-flight response with underlying me­
chanisms involving oxytocinergic, opioid or dopaminergic actions. Evidence 
for tend-and-befriend reactions to stress have recently been documented. We 
identified higher levels of trust, trustworthiness, and sharing during acute 
stress in men (von Dawans et al., 2012). In addition, Berger and colleagues 
(Berger et al., 2016) demonstrated that the cortisol response level in the stress 
condition correlated positively with the psychological closeness to the in­
teraction partner in the fast-friends-procedure, an interaction paradigm to 
investigate social interaction in the lab (Aron et al., 1997). In a recent study 
in women, Ditzen and coworkers found greater preferences towards femin­
ized male faces after stress, suggesting that stress accelerates the focus on 
female (eg, affiliative) attributes (Ditzen et al., 2017). Moreover, acute stress 
even increases empathy (Wolf et at., 2015). Although the concept "tend-and­
befriend" was originally introduced to describe female behavior, and studies 
already validated the tend-and-befriend pattern in women especially in the 
dQmain of social cognition (Smeets et al., 2009; Tomova et al., 2017, 2014), 
there is to the best of our knowledge no validation regarding the social be­
havioral domain. We therefore wanted to specifically test the influence of 
acute stress on social behavior in women using an experimental social in­
teraction paradigm from behavioral economics including trust, trustworthi­
ness, sharing, punishment, and non-social risk that we already applied to men 
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(von Om,vans et al., 2012). We specifically focused on sex hormones that 
might mediate potential effects on social behavior. For this we included and 
systematically compared one group of women voluntarily taking hormonal 
contraceptives to one group of naturally cycling women who were volunta­
rily not taking hormonal contraceptives. 

2. Materials and methods 

2. 1. Participants 

We tested 120 healthy, heterosexual women without mental or 
physical illness, not taking any medication (besides the contraceptive in 
the contraception group) and all with a BMI > 18 and < 30. Other 
exclusion criteria were pregnancy, shift work, or smoking more than 
four cigarettes per day, or prior participation in either the Trier Social 
Stress Test (TSST) (Kirschbaum et al., 1993) or the Trier Social Stress 
Test for Groups (TSST-G) (von Dawans eta!., 2011 ). Participants either 
were not using hormonal contraceptives and had a regular cycle, or 
were on oral contraception (OC) for a minimum of six months. With 
OCs, we only included monophasic formulas involving under 50 1-1g 
ethinylestradiol (Kirschbaum et al., 1999). We tested women without 
contrhception in the luteal phase of their menstrual cycle. Women 
taking OC were tested in week two or three of their pill intake phase. 
Participants had to provide us with all the details about their cycle or 
pill usage, and were invited to the lab accordingly. In addition, we 
assessed their level of premenstrual symptoms and asked whether their 
menses has already started on the day of the experiment We had to 
exclude 15 participants from the analyses because they claimed to be 
having their period on the day of the experiment One participant was 
invited at the wrong time window and one participant withdrew her 
participation during the stress procedure. Another seven participants 
were excluded because they showed a level of psychiatric symptoms 
more than two standard deviations above the mean, and two failed to 
understand the experimental procedure well enough. That left us with a 
total of 94 women aged a mean 23 years (SO= 2.794) as target par­
ticipants. Target participants received a flat fee of 25 € and could earn 
additional money in the social-interaction paradigms. On the mean 
level, target participants were reimbursed with 30.75 € (SO= 0.74 €). 

The group sizes and characteristics are in Table 1. A second group of 
female participants was recruited as interaction partners for the target 
participants. This second group did not complete the stress or control 
condition of the TSST-G or other measures, and was involved only in 
the interaction games. Members of this second group received a flat fee 
of 2 € and could earn additional money in the social-interaction para­
digms. The second group earned 7.93 € (SO= 0.92) on the mean level. 

2.2. Social and non-social decision paradigms 

To investigate the effects of acute stress on social behavior in 
women, we used a design from behavioral economics already tested in 

Table 1 
Group characteristics with mean values ± SD in each group. 

Controi_NoOC Contro l_OC 

(n ~ 26) (n ~ 24) 

Age 23.08 ± 2.95 23.08 ± 2.59 

(years) 

BMI 21.15 ± 2.34 21.36 ± 1.79 

PMS 22.31 ± 14.35 21.75 ± 17.91 

BSI 0.47 ± 0.31 0.53 ± 0.34 

BSI - social insecurity 0.58 ± 0.43 0.94 ± 0.87 

BSI - aggressiveness 0.66 ± 0.66 0.72 ± 0.59 

PSS 15.04 ± 5.70 18.00 ± 7.11 

men (von Dawans eta!., 2012). It includes a range of decisions to study 
prosocial behavior: trust, trustworthiness, and sharing (with four de­
cisions each), aggressive behavior: punishment (four decisions), and 
non-social risk behavior (eight decisions). Fig. S1 illustrates one ex­
ample for each paradigm (all parameters are stated in the supplemen­
tary materials) . Women always interacted anonymously with real fe­
male interaction partners who were not part of the stress (or control) 
condition. Each decision reflected a binary choice (eg, trust vs. no trust, 
trustworthiness or no trustworthiness). Both the trust game and trust­
worthiness game were sequential two-player games. The player with 
the first move had to choose between trust or no trust If the first player 
chose trust, more points could be scored if the second player was 
trustworthy. Participants played four variants of the game as player 
with the first move (trust) and four variants of this game as player with 
the second move (trustworthiness). The second player had to decide 
whether to be trustworthy or not before being informed about the first­
mover choice. This is called the strategy method. 

The punishment game was again a sequential two-player game. The 
interaction partner always had the first move, and she could decide how 
to distribute 50 monetary units (MU). She could either choose a fair or a 
given unfair distribution. If she chose the fair offer, there was no further 
choice. But if she chose the unfair offer, the target participant could 
either accept the offer or punish the interaction partner by refusing the 
offer. In this latter case, both players received 0 MU. Again we applied 
the strategy method: the target participants decided whether to reject 
the unfair offer before knowing what the first player had chosen. 

In the sharing game, the target participant could choose between 
two options: a) keeping all MUs for herself or b) choose a given share. 
There was no opportunity for the interaction partner to influence the 
outcome. 

In the nonsocial risk game, the target participant played on her own. 
In each of the eight rounds, she could choose between a low risk gamble 
or a highly risky one. Next, the participant rolled a die to determine the 
outcome of the chosen gamble: Rolling a 1, 2, or 3 resulted in the higher 
outcome, whereas rolling a 4, 5, or 6 resulted in the lower outcome. 

The games were played in two sets. Each set involved a total of 12 
decision rounds- 6 were prosocial (2 rounds of the trust game, 2 of the 
trustworthiness game, and 2 of the sharing game), 2 were antisocial 
(punishment game), and 4 were nonsocial (nonsocial risk game)-and 
each round had a different payoff. To ensure all decisions were made 
under acute psychosocial stress or under the effects of a control con­
dition, we instructed the target participants to complete the first set of 
decisions immediately after the first stressor (or control condition) and 
the second set of decisions immediately after the second stressor (or 
control condition) (see Procedure). The set order was randomized. 

For the analyses, the number of decisions reflecting trust, trust­
worthiness, sharing, or punishment was counted. Thus, for these mea­
sures, the maximum score was 4, and the minimum score was 0. For the 
nonsocial risk game, 1 point was given for each decision in favor of the 
risky gamble, which resulted in a minimum of 0 and a maximum of 8. 

Stress_NoOC Srress_OC p- value 
(n ~ 19) (n ~ 25) 

23 .68 ± 3.15 22.32 ± 2.54 all p ns 

21.71 ± 2.i1 21.30 ± 2.21 all p ns 

23.79 ± 18.75 16.88 ± 11.67 all p ns 
0.49 ± 0.35 0.38 ± 0.25 all p ns 

0.7b ± 0.77 0.58 ± 0.42 p [stress x contraception] = 0.045 

0.55 ± 0.55 0.34 ± 0.36 p [stress] ~ 0.036 

15.74 ± 7.57 15.36 ± 6.16 all p ns 

NoOC = No Oral Contraception; OC ~ Oral Contraception; BMI ~ Body Mass Index; PMS ~ Premenstrual Symptoms; BSI ~ Brief Symptom Inventory; 
PSS ~ Perceived Stress Scale. 
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Monetary units earned from all decisions were disbursed after the ex­
periment according to the following exchange ratio: 100 MU = 0.95€. 
The experiment was programmed and conducted with z-Tree software 
(Fischbacher, 2007). 

2. 3. Procedure 

Participants were randomly assigned to the stress or control con­
dition and were invited to the lab in groups of 6 people to the TSST-G 
(von Dawans et a!., 2011 ). One week before the experiment, partici­
pants answered an online questionnaire on trait measures of trait an­
xiety and psychiatric symptoms. One day before the experiment, par­
ticipants were reminded via email to not take any medication and to 
abstain from alcohol, caffeine, sports, and smoking 24 h prior to the 
experiment. Moreover, they were instructed to eat their usual breakfast 
and lunch on the day of the experiment, and to stop eating by 4 pm. The 
2.5-hour sessions took place between 5.15 p.m. and 7.45 p.m. in order 
to control for diurnal variations in cortisol secretion. Upon arrival at the 
laboratory, participants were seated individually in the computer la­
boratpry at their individual cubicle and were not allowed to commu­
nicat~ with each other. After reading and signing informed consent, 
partjcipants were introduced to the saliva sampling method and were 
provided individually with a heart rate device (Polar®). Subsequently, 
baseline measures of saliva cortisol and psychometric variables were 
taken. After that, written instructions regarding the decision paradigms 
were handed out. Participants had to read them carefully and answer 
control tasks. Those results were checked immediately by the experi­
menter. Other than the two participants we had excluded from the 
analyses (insufficient comprehension of the procedure), all participants 
answered the tasks correctly, indicating full understanding of the in­
teraction procedure. Participants were then provided with the TSST-G 
stress or control instructions, and prepared for the task within five 
minutes. Subsequently, they were guided to the test room, where they 
received a summary of the procedure. On their way to the test room, 
they passed by the group of the interaction partners sitting in the 
waiting area. This guaranteed the credibility of the existence of the 
human interaction partners and the interactions themselves (in contrast 
to a fake scenario). While the target participants went to the test room, 
the group of interaction partners was guided to the computer labora­
tory. For the target participants, the sequence in the test room was: 
12 min public-speaking task (stress) or simultaneous reading in a low 
voice (control), followed by the first set of 12 decisions in a paper­
pencil version (five min), then eight minutes mental arithmetic task 
(stress) or easy counting (control), followed by the second set of 12 
decisions (five min). The two sets of the decision paradigms were given 
in randomized order. While participants provided another saliva sample 
and answered the repeated state questionnaire, their previously made 
decisions were matched with the second group's decisions in the com­
puter laboratory where their interaction partners (second group) had in 
the meantime been instructed on the paradigm. After having finished 
providing the saliva sample and completing the state questionnaire in 
the test room, target participants entered the computer laboratory and 
were again seated at their respective individual cubicles. All partici­
pants had to remain in the lab until the last saliva measure was taken 
( + 80 min after the start of TSST-G procedure), then they were de­
briefed. For the final payoff, participants were given individual feed­
back screens for each of their 24 decisions so that they could under­
stand the composition of their individual profit. They were then 
disbursed individually (sum of all 24 periods plus a flat fee). As de­
scribed above, it was guaranteed in the instructions on the decision 
paradigms that all interactions would involve real human interaction 
partners. We strengthened our credibility by the fact that the target 
participants passed by the group of female interaction partners while 
entering the test room. 

139 

2. 4. Psychological stress respon.se 

We used visual analog scales (VAS) to capture the psychological 
stress response (von Dawans et al., 2012). Participants had to rate their 
acute stress level (VAS Stress) as well as the wish to have a close person 
to be with them right now (VAS Closeness). The VAS scales were as­
sessed together with every saliva sample at the following eight time 
points: at baseline (- 30 min relative to the start of the TSST-G), after 
the intra (Start of TSST-G), after the first part of the TSST-G 
( + 12 min), after the second part of the TSST-G ( + 25 min), and four 
times during the recovery phase ( + 35 min, + 45 min, + 60 min, + 
80min). 

2.5. Endocrine and autonomic stress respon.se 

We measured the cortisol stress response using a commercially 
available sampling device (salivette; Sarstedt®, Ni.imbrecht­
Rommelsdorf, Germany) eight times during the experiment together 
with the VAS. After each experimental session, samples were stored at 
-20 oc. For biochemical analyses of free cortisol concentration, saliva 
samples were thawed and spun at 3000 rpm for 10 min to obtain 
0.5-1.0 ml clear saliva with low viscosity. Salivary cortisol concentra­
tions were determined by a commercially available chemiluminescence 
immunoassay (CLlA; IBL Hamburg, Germany). Inter-and intraassay 
coefficients of variation were below 8%. Three participants presented 
baseline levels above 30 nmol/1 and were excluded from the cortisol 
analyses. For cortisol levels, the areas under the individual response 
curves with respect to ground (AUCG) and increase (AUCI) were cal­
culated with the trapezoid formula, enabling an aggregated sensitive 
measure of physiological changes in cortisol over time (Pruessner, 
Kirschbaum, Meinlschmidt, & Hellhammer, 2003). 

Heart rate was measured as a marker of the sympathetic stress 
system using a wireless chest heart rate transmitter and a wrist monitor 
recorder (Polar RS800 TM, Polar Electro, Finland). We recorded beat­
to-beat heart rate data and calculated one minute mean values: five for 
resting baseline, five before the start of TSST-G, 30 for the duration of 
TSST-G (20 min) including the decision paradigm (10 min) and five 
after the end of the procedure. Due to technical problems, heart rate 
data were obtained from 83 participants in the final sample. 

2. 6. Psychometric measures 

To characterize the four groups with regards to relevant psycho­
metric measures, we applied the Brief Symptom Inventory (BSI) 
(Derogatis and Melisaratos, 1983; Franke, 2000) using the scales So­
matization, Obsessive-Compulsiveness, Social Insecurity, Depressive­
ness, Anxiety, Aggressiveness, Phobia, Paranoid Thinking, and Psy­
choticism. To compare the level of chronic stress, we assessed the 
Perceived Stress Scale (PSS) (Cohen et al., 1983). Since we conducted 
the experiment during the luteal phase of the menstrual cycle, it was 
important to note whether the OC and no OC groups differed in their 
level ·of premenstrual symptoms. We therefore included the PMS 
Q,11estionnaire (Ditzen et al., 2011). We used the German version of the 
State Trait Anxiety Inventory to measure general levels of anxiety 
(Spielberger et aL, 1970). 

2. 7. Statistical analyses 

For descriptive statistics and randomization checks (including 
baseline comparisons of the psychophysiological parameters), we con­
ducted ANOVAS with the factors STRESS (stress and control) and 
CONTRACEPTION (contraception and no contraception: OC and NoC). 
To calculate the effects of stress and contraception over the curse of the 
experiment regarding the subjective parameters as well as cortisol and 
heart rate, we calculated repeated measurement ANOVAS with the 
within subject factor time (eight time points) and the between subjects-



factors STRESS (stress and control) and CONTRACEPTION (contra­
ception and no contraception: OC and NoC). For the analyses of each 
behavioral paradigm we calculated ANOVAs with the between subject­
factors STRESS (stress and control) and CONTRACEPTION (contra­
ception and no contraception: OC and NoC). In cases of significant 
differences between groups in BSI Social insecurity and BSI 
Aggressiveness we computed additional ANCOVAs with the between 
subjects-factors STRESS and CONTRACEPTION (OC) and the covariates 
BSI Social insecurity and BSI Aggressiveness in order to statistically 
control for these differences. In cases of heterogeneity of covariance 
(Mauchly test of sphericity), we determined the significance of the re­
sults of the repeated measures ANOV As via Greenhouse Geisser cor­
rections. Effect sizes are reported as ~ P 2 for ANOVAs and ANCOVAs. For 
the behavioral variables we calculated Cohen's d to be able to relate the 
effect sizes to those in other studies. Data were analyzed using SPSS 
Version 24. All tests were two-sided, with the level of significance set at 
p :5 .05. 

3. Results 

3.1. J)escriptive statistics and randomization checks 
i 

Our groups did not differ in age, BMI, or their level of chronic stress 
measured via the PSS. There were no significant differences in PMS 
symptoms reported between groups, and no differences in trait anxiety. 
There was no difference in the total symptom severity regarding psy­
chiatric symptoms, but we observed a significant stress x contraception 
interaction concerning BSI Social Insecurity (F[1,90] = 4.146, 
p = 0.045, ~/ = 0.044) and a main effect of stress for BSI 
Aggressiveness (F [1,90] = 4.525, p = 0.036, ~P2 = 0.048) (see 
Table 1). To control for these differences and possible effects on be­
havior, the two scales were used as covariates when analyzing the be­
havioral variables in secondary analyses. 

3.2. Psychological stress responses 

We observed no baseline differences in VAS Stress or VAS Closeness 
(see Table 2). For VAS Stress the repeated measurement ANOVA re­
vealed the expected effect of time (F[4.711, 424] = 28.981, p :5 0.001, 
~/ = 0.244) as well as a significant timex stress interaction (F[4.711, 
424] = 10.470, p :5 0.001, ~P2 = 0.104) . There also was a main effect 
of stress (F[1, 90] = 9.757, p = 0.002, ~ P 2 = 0.098). We detected the 
same pattern for the VAS Closeness: time (F[3.489, 314.025] = 5.579, 
p :5 0.001, ~P 2 = 0.058), time x stress interaction (F[3.489, 
314.025] = 4.360, p = 0.003, ~/ = 0.046), main effect of stress (F[l, 
90] = 6.85i, p = 0.010, ~P 2 = 0.071). The main interaction of stress x 
contraception missed the 0.05 level of significance (F[1, 90] = 2. 753, 
p = 0.102, ~P2 = 0.029). The stressNoOC group revealed the highest 
VAS Closeness levels over the course of the experiment on the de­
scriptive level. Fig. 1 shows the "VAS closeness" and "VAS stress" re­
sponses to stress and control condition over the course of the experi­
ment. 

Table 2 
Baseline characteristics with mean values ± SD in each group. 

3.3. Physiological stress responses 

We found differences in cortisol at baseline for the interaction stress 
x contraception (significant on a trend level, F[1,87] = 3.604, 
p = 0.061, ~P 2 = 0.040). Nevertheless, we noted significant increases in 
cortisol over time (F[l.715, 149.207] = 16.160, p :5 0.001 , 
~P2 = 0.157), and the expected time x stress interaction (F[1.715, 
149.207] = 28.807, p :5 0.001, ~/ = 0.249) with the expected in­
creases over time for the stress condition compared to decreases in the 
control condition. Moreover, we observed a main effect for stress (F[1, 
87] = 25.126, p :5 0.001, ~P 2 = 0.224) with higher cortisol levels in 
the stress condition over the course of the experiment. There were 
significantly higher total cortisol (AUCG) as well as increases in cortisol 
(AUCI) in the stress compared to control condition (AUCG: F[l, 
87] = 26.261, p :5 0.001, ~P2 = 0.232; AUCI: F[1, 87] = 32.055, 
p :5 0.001, '1/ = 0.269). 

The contraception group exhibited higher baseline heart rate levels 
(significant on a trend level, F[1 , 79] = 3.084, p = 0.083, 'lp 2 = 0.038). 
Moreover, time demonstrated a significant effect (F[9.048, 
714.771] = 35.140, p :5 0.001, 'lp2 = 0.308), as did the expected time 
x stress interaction (F[9.048, 714.771] = 2.343, p = 0.013, 
'1/ = 0.029). Again, stress revealed a main effect (F[1,79] = 5.177, 
p = 0.026, 'lp 2 = 0.062), as did contraception (significant on a trend 
level, F[1,79] = 3.041 , p = 0.085, 'lp2 = 0.037). All psychological and 
physiological baseline levels are listed in Table 2. Fig. 1 shows the 
cortisol and heart rate responses to stress and control condition over the 
course of the experiment. 

3. 4. Effects of stress and contraception on prosocial behavior, punishment 
and risk 

Stress increased trustworthiness (F[1,90] = 4.291, p = 0.041, 
'lp2 = 0.046) and sharing (F[1,90] = 6.930, p = 0.010, '1/ = 0.071). 
There was no effect of OC and no significant interaction effect. Trust 
was not influenced significantly by either stress or OC. On a trend level 
(F[1,90] = 3.097, p = 0.082, 'lp2 = 0.033) we observed a stress by OC 
interaction with lower levels of punishment in the stress condition in 
women without contraception and higher levels of punishment in the 
stress condition for women with OC (compared to control condition). 
Neither stress nor OC or the interaction had an impact on nonsocial risk 
behavior. Since we found significant differences between the groups in 
BSI Insecurity and BSI Aggressiveness we additionally conducted 
ANCOVAs to control for possible confounding influences on our beha­
vioral variables. These analyses confirmed our previously reported re­
sults and again revealed significantly higher rates of trustworthiness (F 
[1,88] = 4.299, p = 0.041, '1/ = 0.047) and sharing (F[1,88] = 7.643, 
p = 0.007, '1/ = 0.080) in the stress- versus the control condition. 
Moreover, women without OC demonstrated higher rates of sharing 
(significant on a trend level, F[1,88] = 3.282, p = 0.073, ~P 2 = 0.036) 
regardless of the condition. There were no differences between groups 
in trust (all p > 0.191). We observed a trend towards stress x contra­
ception interaction in conjunction with punishment (F[1,88] = 3.025, 

Control_NoOC Control_OC Stress_NoOC Stress_OC p- value 

Cortisol 9.13 ± 6.11 6.82 ± 3.20 7.26 ± 4.03 8.66 ± 4.40 p [stress x contraception] = 0.061 
n ~ 25 n ~ 24 n~ 18 n ~ 24 

Heart Rate 81.11 ± 10.20 82.44 ± 9.70 80.09 ± 11.32 87.03 ± 11.40 p [contraception] ~ 0.083 
n ~ 22 n = 21 n ~ 17 n ~ 23 

VAS Stress 2.65 ± 2.45 2.09 ± 2.30 2.11 ± 2.16 2.38 ± 2.12 all p ns 
n = 26 n ~ 24 n ~ 19 n ~ 25 

VAS Closeness 1.44 ± 1.94 2.23 ± 2.74 2.34 ± 2.65 2.13 ± 2.50 all p ns 

n ~ 26 n ~ 24 n ~ 19 n ~ 25 

NoOC = No Oral Contraception; OC = Oral Contraception; VAS = Visual Analog Scale. 
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Fig. 1. Participants' (A) mean level of free salivary cortisol, (B) heart rate, (C) mean level of wish for closeness, and (D) mean level of subjective stress during the 
experimental session. Results are shown separately for the stress and control conditions. Time 0 was the start of the Trier Social Stress Test for Groups (TSST-G; von 
Dawans et a!., 2011 ). Error bars indicate standard errors of the mean. 

p = 0.086, ~P 2 = 0.033) with lower levels of punishment in the stress 
condition in women without contraception and higher levels of pun­
ishment in the stress condition for women with OC (compared to con­
trol condition). Nonsocial risk behavior revealed neither effects of stress 
nor OC. There were no significant effects of the covariates in any of the 
models. BSI Aggressiveness exhibited an influence only on punishment 
on the trend level (F[1,88] = 2.846, p = 0.095, ~/ = 0.031) where 
higher levels of BSI Aggressiveness were associated with higher levels of 
punishment. To enable comparisons with the results of previous (e.g. 
von Dawans eta!., 2012) and future studies on the effects of stress on 
behavior in male and female participants, we calculated Cohen's d for 
all behavioral variables for the factor stress vs. no-stress. We observed 
low to medium effects for trust (d = 0.20), trustworthiness (d = 0.41), 
sharing (d = 0.51), punishment (d = -0.05), and risk (d = -0.03). Fig­
ures of all behavioral results are presented in Fig. 2. 

4. Discussion 

Our study investigated the effects of acute psychosocial stress on 
social behavior in women with and without OC. The manipulation 
check showed significant increases in subjective and biological stress 
parameters in the stress condition compared to controls. On the beha­
vioral level, stress increased trustworthiness and sharing. There were no 
significant influences of stress or OC on trust or non-social risk beha­
vior. We did note an interaction between stress and OC on the trend 
level for punishment, which revealed lower levels in the stress condi­
tion compared to control condition in the no- OC women. 'Fhe women 
with OC delivered higher levels of punishment in the stress group 
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compared to the control group. Sharing revealed a trend towards 
overall higher rates in the women without OC. 

Our results fall in line with findings in men demonstrating higher 
levels of prosocial behavior after stress (Berger et al. , 2016; Buchanan 
and Preston, 2014; Margittai et al., 2015; von Dawans et al. , 2012), and 
contribute important empirical evidence on the validity of the tend­
and-befriend concept of stress in women. We also detected a significant 
increase in the wish for closeness in the stress condition that accom­
panies the behavioral results and documents subjective-approach ten­
dencies triggered by psychosocial stress. But what are the relevant 
mechanisms behind our results? Stress is known to prompt habitual 
behaviors and increase intuitive thinking while reducing deliberation 
(Margittai et al., 2016; Schwabe and Wolf, 2009; Yu, 2016). Inter­
preting our results, this may give the impression that the default mode 
of huinan behavior is prosocial. This is a pleasant thought but definitely 
tq.o narrowly considered. Our paradigm may provide for a situation 
enabling participants to choose the prosocial way. Buchanan and Pre­
ston (Buchanan and Preston, 2014) reported that stress leads to pro­
social behavior in immediate-need situations where the prosocial op­
tion is bearable and obviously needed by the interaction partner. 
Interestingly, we did not detect higher rates of trust in our stressed 
women. This might be because trust entails much higher social and 
financial risks than trustworthiness or sharing. In the two latter deci­
sions, the payoff structure and final consequence is set and clear: the 
participant knows what she will get and actively decides on a share. 
With trust, she would need to risk that her interaction partner might not 
be trustworthy - resembling a risky situation characterized by un­
certainty. The fact that in our previous study (von Dawans et al., 2012) 
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Fig. 2 . Mean score in each game as a function of condition. Error bars indicate standard errors of the mean. TSST-G =Trier Social Stress Test for Groups (\'on Dawans 
et al., 2011 ). 

we identified higher rates of trust during stress in men- which we now 
faiied to observe in women - might be due to general sex differences in 
financial risk taking already documented (Charness and Gneezy, 2012). 
Moreover, our paradigm employed slightly different parameters than 
those we used in the 2012 study: that study was conducted in another 
lab and another country (Switzerland versus Germany). For direct 
comparison of the effects (and effect sizes) of stress on social behavior 
in men compared to women, future investigations need to include both 
sexes in one study under identical experimental conditions. Future 
meta-analyses of studies on the effects of stress on social behavior may 
use our data for evaluation. In the meantime, a comparison of the 
present study's effect sizes and of those detected in male participants 
(von Dawans eta!., 2012) should be interpreted cautiously. 

Acute psychosocial stress is known to increase social cognition 
(Smeets et a!., 2009; Wolf et a!., 2015) and the self-other distinction 
(Tomova et a!., 2014). Perhaps increased perspective-taking or higher 
levels of empathy during acute stress foster prosocial behavior. Taylor 
(Taylor, 2006; Taylor et al., 2000) claimed the neuropeptide oxytocin 
as an important modulator of the tend-and-befriend strategy. The 
neuropeptide oxytocin is released during acute stress in animals and 
humans (Engert eta!., 2016; Jong eta!., 2015; Landgraf and Neumann, 
2004) and is associated with social behavior in both animals (Neumann, 
2008) and humans (Heinrichs et al., 2009; Meyer-Lindenberg et al., 
2011 ). Studies using intranasal oxytocin in humans found higher levels 
of prosocial behavior in men (Kosfeld et al., 2005) and couples (Ditzen 
et a!., 2009) as well as increases in social cognition, empathy, and 
mind-reading (Domes et al., 2007) by oxytocin. A study on e~pathy for 
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pain revealed higher other-perspective empathy for pain than self­
perspective empathy for pain after oxytocin administration (Abu-Akel 
et al., 2015). In addition, oxytocin was found to reduce stress responses 
in humans (Heinrichs et al., 2003). Since oxytocin is released during 
stress and seems to boost recovery from stress (Engert et al., 2016), the 
increase in prosocial behaviors via endogenous oxytocin release during 
stress may be part of an inherent psychobiological coping framework 
activated in healthy men (von Dawans eta!. , 2012) and- as our study 
shows - in women, too. Direct physiological effects of oxytocin in 
combination with increases in prosocial behavior during stress may 
enable future social interaction and support with all their beneficial 
effects (Ditzen and Heinrichs, 2014). 

Our results failed to verify distinct significant differences in either 
the stress response or behavioral effects of stress between women with 
htlrmonal contraception and women in the luteal phase of the cycle. We 
noted only trend effects for overall higher levels of sharing behavior in 
women without contraception, irrespective of the stress condition. An 

interaction effect for punishment revealed higher levels of punishment 
under stress in women with OC and lower levels of punishment after 
stress in women without OC. Future studies will need to shed light on 
possible differences over the course of the menstrual cycle in compar­
ison to OC, as sex hormones are known to modulate oxytocin's effects 
(Scheele et al., 2016). Therefore, future studies should include mea­
sures of progesterone and estradiol, as well as investigate different 
stress inducing methods like non-social stressors (Cold Pressor Test) and 
pharmacological stimulations of the HPA axis and the SAM system in 
order to reveal behaviorally relevant components of the stress induction 
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and response. Furthermore, studies will need to investigate social in­
teractive behavior in the direct human face-to-face mode that risks 
losing experimental control while gaining external validity so as to 
generalize the results to everyday human behavior. Another factor is 
that in our study, women always interacted with other women. As our 
previous results in women suggest stronger preferences for feminized 
male faces after stress as compared to a control condition (Ditzen eta!., 
2017), one could assume that stress in women affects interaction be­
havior with men and women in different ways. 

In addition, we wish to point out that we did not administer OC in a 
randomized controlled setting but instead used naturally occurring 
groups that voluntarily did or did not use OC. This carries the risk that 
we may have overseen influences from factors other than the OC's. 
Future studies may either employ a random experimental administra­
tion of OC or measure progesterone and estradiol (as stated above) . 
Moreover, studies systematically investigating potential differences in 
OC users vs. non - OC users with qualitative and quantitative methods 
may shed light upon this problem. 

Since several personality variables may not just influence social 
behavior in general but possibly also moderate the stress response 
(KudiTlka eta!., 2009), as well as the effects of acute stress on behavior 
(Buchanan and Preston, 2014) we assessed influencing variables that 
neeq to be controlled. Although our groups differed significantly in 
their level of social insecurity and aggressivess, those variables did not 
confound the effects of stress on behavior. This of course does not 
disprove a possible underlying correlation between social insecurity or 
aggressiveness and the effects of stress on behavior in general, because 
we only included healthy women and the apparent differences despite 
randomization might have been too small to be relevant. To address 
those questions, future studies will need to include participants with a 
broader range of aggressiveness or social insecurity. Studies including 
patients with social anxiety disorder or borderline personality disorder, 
for example, might be highly relevant to detect potential behavioral 
differences and difficulties in coping with acute social stressors. 

In summary: our data reveal higher levels of trustworthiness and 
sharing after stress in women. We thus provide the first clear evidence 
of tend-and-befriend behavior after acute stress in women - who were 
the actual target group of the tend-and-befriend theory (Taylor, 2006; 
Taylor et a!., 2000). Our findings document approach tendencies in 
healthy women during acute stress which might foster future positive 
social exchange processes and the acceptance of social support - and 
may reflect an inherent stress coping mechanism. 

Funding 

Bernadette von Dawans and Markus Heinrichs gratefully acknowl­
edge grant support from the Innovation Fund of the University of 
Freiburg. 

Declaration of conflicting interests 

The authors have declared that they have no conflicts of interest 
with respect to their authorship or the publication of this article. 

Acknowledgements 

We thank Julia Albicker, Diana Bickel, Hannah Briiderl, Esther 
Germain, Lily Kordes, Antonia Vehlen and Adrian Willimsky for their 
help with recruiting participants, data collection and management of 
the study. 

143 

References 

Ahu-Akel , A., Palgi, S. , Klein, E. , Decety, .J. , Shamay-Tsoory, S., 2015. Oxyrocin increases 
empathy to pain when adopting the other- but not the self-perspective. Soc. Neurosci. 
10, 7-15. hrtps: ;idoi.org/ 1 0.1080/ 17470919.2014.948637. 

Aron, A .. Me linat. E .. Aron, E.:-.J .. Vallone. R.D .. Baror, R . .J., 1997. The experimental 

generation of interpersonal closeness: a pn:1cedure and some preliminary findings. 
Pers. Sue. Psycho!. Bull. :[{, 3bJ-J77. 

Berger, J. , Heinrichs, M., von Dawans, B., Way, B.M., Chen, F.S., 2016. Cortisol modulates 
men's affiliatlve responses to acute social stress. Psychoneuroendocrinology 63, 1-9. 
hLtps: / / Joi.org /1 0 .1 016/j.p.-.:-·neuen.L.O 15.09.004. 

Buchanan, T.W. , Preston, S.D., 2014. Stress leads to prosocial action in immediate need 
situations. Front. Behav. Neurosci. 8. http.s:.';doi.o rgtl0.3389/fnbch.20.14.00005. 

Cannon , W.B .. l.YJL.I. l"he Wi.sJwn of t.he Budy, Lnd ed. Nurtun & Co .. Oxford, Engl<llld . 
Chamess, G., Gneezy, U., 2012. Strong evidence for gender differences in risk taking. J. 

Econ. Bchav. Organ. 83, 50--58. https:; /doi.org / 10.1 01 b/ j._icbo.2011.06.007. Gender 
Differences in Risk Aversion and Competition. 

Chrousos, G.P. , 2009. Stress and disorders of the stress system. Nat. Rev. Endocrinol. 5, 
374-381. https: //doi.orgd 0."1 038/nrcndo.2009.10b. 

Cohen .. S .. Kamarck, T., Mermelstein. R .. . 1983. A global measure of perceived stress. J. 
Health Soc. Behav. 385-396. 

Derogatis, L.R., Melisararos. N., 1983. The brief s:vmptom inventory: an i.ntroductol}" 
rP.pnrt. P.<>ychol. Me d. 1 :=:. SQ5-f10S. 

Ditzen, B. , Heinrichs, M., 2014. Psychobiology or social support: the social dimension o( 

stress buffering. Restor. Neural. Neurosci. 32, 149-162. hrrps:/;doi.org/10.J233t 
RNN · I :JQOOR. 

Dttzcn. B., Schaer, M., Gabriel, B., Bodrnmann, G .. Ehlert. U., llcinrichs, M .. 2009 
Intranasal oxytocin increases posirive communication and reduces cortisol le\'els 
during couplf' cnnOicL Rio\. Psychiatry OS. 728-731 . 

Ditzen, B. , Nussbeck, F., Drobnjak, S. , Sporri , C., Wuest, D., Ehlert, U., 2011. Validierung 
eines deutschsprachigen DSM-IV-TR basierten Fragebogens zum pr3.menstruellen 
Syndrom. Z. FUr Klin. Psycho I. Psychother. 40, 149-159. hnps:t;doi. org/1 0.1 026; 
1616-3443/a000095. 

Ditzen, B. , Palm-Fischbacher, S. , Gossweiler, L., Stucky, L. , Ehlert, U., 2017. Effecrs of 
stress on women's preference for male facial masculinity and their endocrine corre­
lates. Psychoneuroendocrinology 82, 67-74. hnps;//doi.org/10.1016/j.psyneue_n. 
2017.05.006. 

Domes, G .. Heinrichs, M., Michel, A .. Berger, C., Herpertz. S.C., 2007. Oxytocin improves 
"mind-reading" in huma ns. Bioi. Psychiatry 61. 73".1-733 . 

Engert, V., Koester, A.M., Riepenhausen, A., Singer, T., 2016. Boosting recovery ralher 
than buffering reactivity: higher stress-induced oxytocin secretion is associated with 
increased cortisol reactivity and faster vagal recovery after acute psychosocial stress. 
Psychoneuroendocrinology 74, l!1-120. https:/ / doi.org/10.1016/j .psyn euen.2016. 
08.029. 

Fischbacher, U., 2007. z-Tree: Zurich toolbox for ready-made economic experiments. Exp. 
Econ. 10, 171-178. https:/ / doi.o rg/ l0.!007/ sl0683-006-9!59-4. 

Foley, P., Kirschbaum, C., 2010. Human hypothalamus-pituitary-adrenal axis responses to 
acute psychosocial stress in laboratory settings. Neurosci. Biobehav. Rev. 35, 91-96. 
htrp.s:/ ;doLorg/1 0.101 f1;j .neuhiorev.20 10.01.01 0. 

rranl\c, G.I 1., 2000. Brie( Symptom rn\'cntory. Beltz, Gbtti ngcn . 
Heinrichs. M., Baumg<u"lner .. T., Kir.st.:h!Jaum, C., Ehlt•n, U. , 1.003. Social support. and 

oxytocin internet· tn suppre.-.s corri.<wl ;-md <;uhjl"ctive rP.s pnnses rn psychosoci;l! sl"ress, 
Bioi. Psychiatry 54, 1389-1398. 

Heinrichs. M., von Dawans, B., Domes. G., 2009. Oxytocin, vasopressin, and human social 
behaYior. Fronc. Neuroendocrinol. 30, 548- 557. 

Jong, T.R., de, Menon, R., Bludau, A., Grund, T., Biermeier, V. , Klampfl, S.M., Jurek, B. , 
Bosch, O.J. , Hellhammer, J., Neumann, 1.0., 2015. Salivary oxytocin concentrations 
in response to runn ing, sexual self-stimu lation, breastfeeding and the TSST: the 
Regensburg Oxytocin Challenge (ROC) study. Psychoneuroendocrinology 62, 
381-388. http . .;;:/ / doi.org/ 1 0.101 t1; j.p.synPuP.n. 2015.0R.027. 

Karatsoreos, LN., McEwen, B.S., 2011. Psychobiological allostasls: resistance, resilience 
and vulnerability. Trends Cogn. Sci. 15, 576-584. https://doi.org/10 .1016/ j.tics. 
2011.10.005. 

Kemeny, M.E., Schedlowski, M., 2007. Understanding the interaction between psycho­
social s tress and immune-related diseases: a stepwise progression. Brain Behav. 
lmmun. 21 , 1009-1018. https://doi. org/10.10J61j .bbi.2007.07.010. 

Kirschbaum. C., Pirke, K.-M. , Hellhammer, D.H. , 1993. The ·Trier Social Stress Test'-a 
tool for Lm·estigal"ing psychoblological stre~<>s responses in a laboratory setting. 

,, Neuropsychobiology 28. 76-81. 
Kirschbaum, C., Kudielka, S.M., Gaa b, J., Schommer, N.C. , Hellhammer, D.H., 1999. 

rmp<n:t uf gender, menslru~tl cycle phase, and oral conln.~eept.i\·es on lhe aclivity of 
the hypothalamus·pituitary-adrenal axis. Psychosom. Med. 61, 154-.1 62. 

Kosfeld, M .. Heinrichs, M., Zak. P.J., Fischbacher, U., Fehr, E .. 2005. Oxytocin increases 
trusl in human.s. Nalu.re 435, 67~-676 . 

Kudielka, B.M., Hellhammer, D.H., Wiist, S., 2009. Why do we respond so differently> 
Revi_~wing determinants o( human salivary cortisol responses to challenge. 
Psychoneuroenducrinolugy 34, 2-18. hllp.s:; /Joi.org/ 1.0.1 01 b(j.psyneuen.L.UOR 10. 
004. 

Landgraf, R., Neumann, I.D. , 2004. Vasopressin and oxytocin release within the brain: a 
dynamic concept of multiple and variable modes of neuropeptide communication. 
Front. Neuroendocrinol. 25, 150-176. hnps://doi.org;1 O.l 0 16/j .yfrne .2004.05.00l . 

Margittai, Z., Strombach, T. , van Wingerden, M. , Joels, M., Schwabe, L., Kalenscher, T., 
2015. A friend in need: tlme-dependenr effects of srress on social discounting in men. 
Horm. Behav. 73, 75-82. https:/ /doi.or·g; l 0. l 0"16/j,:vhbeh.2015. 05.0 I9. 

Margittai , Z., Nave, G., Strombach, T., van Wingerden, M., Schwabe, L., Kalenscher, T., 



2016. Exogenous cortisol c;mse.s <1 shift from deliberative to intuilive thinking. 
Psychon~uro~ndocrinology fl4 , 131-1 35. hrrps:l;dot.org;l 0. 10 l A;j.p.syn~uP.n .20l S 
11.018. 

McEwen, B.S., Gray, J.D. , Nasca, C. , 2015. 60 YEARS OF NEUROENDOCRINOLOGY: 
r~defining neuroendocrinology: stress, sex and cognitive and emotionfll regulatio n. J. 
Endocrinol. 226, T67-T83. https:,'ldoi.orgll0.15.30/JOE.-1 5-0l21. 

Menard, C. , Pfau, M.L., Hodes, G.E., Russo, S.J., 2017. Immune and neuroendocrine 
mechflnisms of stress vulner<1bility and resilience. Neuropsychoph<~rmacol. Off. Pub!. 
Am. Coli. Neuropsychopharmacol. hltps:! /doi.org/10.1038/npp.2016.90 . 

Meyer-Lindenberg, A., Domes, G., Kirsch , P., Heinrichs, M., 2011. Oxytocin and vaso­
pressin in the human brain: social neuropeptides for translational medicine. Nat. Rev. 
Neurosci. 12, 524-538. hnps:/;'doi.o rg/1 0.10:38/nm3044 . 

Neumann, J.D., 2008. Brain oxytocin: a key regulator of emotional <1nd social behflviours 
in both females and males. J. Neuroendocrinol. 20, 858-865. https://dot.org/lO. 
1111(i.1365-2826. 2008.01726.x. 

Pruessner, J.C., Kirschbaum, C., Meinlschmid, G., Hellharnmer, D.H., 2003. Two formulas 
for computation of the area under the curve represent measures of total hormone 
concentration versus time-dependent change. Psychoneuroendocrinology 28, 
91f>--93 L https:/ /dOI .org/1 0.1 Ol6/SO:Jll6-4531J(02)00108-7. 

Roelofs, K. , 2017. Freeze for action: neurobiological mechanisms in animal and human 
freezing. Philos. Trans. Biol. Sci. 372https://doi.org/10. 1098/rstb.201t).0206. 
20160206. 

Scheele, D. , Plata, J., Stoffel-Wagner, B., Maier, W., Hurlemann, R. , 2016. Hormonal 
contraceptives suppress oxytocin-induced brain reward responses to the partner's 
face. Soc. Cogn. Affect. Neurosci. 11 , 767-774. https://doi.org./10.1093/scan/ 
nsvl57. 

Schwa~e, L. , Wolf, o:r., 2009. Stress prompts habit behavior in humans. J . Neurosci. 29, 
7 1/ J1-71 98. hnps://do i.nrg/1 n. ts:n/JNFUROSr.f.OCJ79-0CJ. 2009. 

Schwabe, L. , Wolf, O.T., 2010. Learning under stress impairs memory formation. 
rjeurobiol. Learn. Mem. 93, 183-188. https:/;dot.org/10.UH6/j.nlm.2009.09.009. 

Smeets, T. , Dziobek, f. , Wolf, O.T. , 2009. Social cognition under stress: differential effects 

144 

of stress-induced cortisol elevations in healthy young men and women. Harm. Behav. 
55, 507-513. https:/ldoLnrg/l0 .1016lj.yhbeh.2009.01.011. 

Spielberger, C., Gorsuch, R., Lushene. R., 1970. Manual for rhe Sraletrair t\nxiet-y 
Inventory. Consulting Psychologists Press, P<tlo ~to. CA . 

Taylor, S.E., 2006. Tt•nd and befnend biobehavioral bases of affiliarion under stress. CurL 
Dir. Psychol. Sci. 15, 27:3-277. 

Taylor, S.E., Klein, L.C., Lewis, B.P., Gruenevvald, TJ .. Gurung, R.A., Upde5 raff, J.A .. 
2000. Biobehrl\'ioral responses to srress in females : tend-an d-befr iend. not fight-or­
flig h t. Psychol Rev. 107, 411-4:29. 

Tomova, L., von Dawans, B., Heinrichs, M., Silani , G., Lamm, C., 2014. Is stress affecting 
our ability to tune into others? Evidence for gender differences in the effects of stress 
on self-other distinction. Psychoneuroendocrinology 43, 9~104. htt.ps://J(}i .org/lU. 
1016/j.psyneuen.201 4.02.006. 

Tomova, L., Majdandi.iC, J ., Hummer, A. , Windischbergcr, C. , Heinrichs, M. , Lamm, C., 

2017. Increased neur<~l responses Lo empathy for pain might explain how acute stress 
increases prosociality. Soc. Cogn. Affect. Ne urosci. 12, 401-408. hltps:/ /doLorg/ I 0. 

1 093/scan,/nsw1 46. nsw146. 
von Den-vans. B., Kirschbaum, C., Heinr ichs, M., 2011. The T rier Social St ress Test for 

Grou ps (TSSTwG); a new research tool for controlled si mu ltaneous soc fa! suess ex­
posure iJl a group format. Psychoneuroendocrinology 36, 51 4-522. 

von Dawans, B. , Fischbacher, U., Kirschbaum, C.. , Fehr, E., Heinrichs, M., 2012. The social 
dimension o( stress reactivity: acute stress increases prosocial behavior in humans. 
Psycho!. Sci. 23, 651-660. hnps://doi.o rg/10.1177 /0956797611 4 ~·~1576 . 

Wolf, O.T. , Schulte, .LM. , Drim•lla, H., Hamacher-Dang, T.C. , Knoch, D., Dziohek, L, 
2015. Enhanced emotional empathy artcr psychosocial stress in young healthy men . 
Stress Int . J. Bioi. Stress 18, 631-637. https://doLorgi10.3109/\ll2S3890.20l5. 
107R7R7. 

Yu, R., 2016. Stress potentia tes decision biases: a stress induced deliberation-to-intuition 
(SIDI) model. Neurobiol. Stress 3, 83-95. https:,'/do i.org/10.1016/j.ynstT.2015.12. 
006. 




