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Oxytocin decreases handgrip force in reaction
to infant crying in females without harsh
parenting experiences
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Infant crying can elicit sensitive caregiving as well as hostility and harsh parenting responses. In the current study (N—=42
females) with a double-blind experimental design, we tested the effect of intranasal oxytocin administration on the use of
excessive force using a hand-grip dynamometer during listening to infant cry sounds. Participants’ experiences with harsh
parental discipline during childhood were found to moderate the effect of oxytocin administration on the use of excessive force.
Participants’ whose parents did not discipline them harshly used less excessive force in the oxytocin condition, but for partici-
pants who were disciplined harshly there was no difference between the oxytocin and placebo condition. Such effects were not
found during listening to infant laughter. We conclude that early caregiving experiences constitute an important moderator of the
prosocial and/or stress-reducing effects of oxytocin. Oxytocin administration may increase trust and cooperation in individuals
with supportive backgrounds, but not generate this effect in individuals who as a consequence of unfavorable early caregiving

experiences may have a bias toward negative interpretation of social cues.
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INTRODUCTION

Infant crying is an important social cue that alerts parents to
the needs of the infant. It elicits parental proximity and sen-
sitive caregiving, but it is also an aversive stimulus (Murray,
1985), which can bring about irritation and harsh or abusive
parenting responses (Frodi, 1985; Barr et al., 2006; Del
Vecchio et al., 2009). Mothers’ prenatal negative emotional
responses to 1-min videotapes of crying infants were predict-
ive of lower sensitivity to their infant’s distress at 6 months
(Leerkes, 2010) and of punitive/minimizing responses to
their toddlers’ negative emotions at 16 months (Leerkes
et al., 2011). In a recent fMRI study, we found that experi-
mentally induced oxytocin levels reduced activation in the
neural circuitry for anxiety and aversion when listening to
infant crying, and increased activation in regions involved in
empathy (Riem et al, 2011). As a natural sequel to these
findings, in the current study, we tested the effect of oxytocin
administration on the use of excessive force using a
hand-grip dynamometer during listening to infant crying
sounds.

Hand-grip dynamometer data have been previously used as
a measure of the use of excessive force in pseudo-parenting
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contexts. For example, Crouch et al. (2008) had parents at
high and low risk for child physical abuse use a hand dyna-
mometer when they watched video segments of an infant in
quiet, smiling and crying states. After negative priming, at
risk parents tended to use more excessive force when asked
to produce a half-strength grip. In a study on punitive force,
mothers used the dynamometer to provide feedback to a
child in a simulated computer interaction (Bugental et al.,
1999). Women who perceived themselves as low in power
used more excessive force than other women when children
were ambiguously responsive.

The use of excessive power in reaction to child signals may
result from early experiences with harsh discipline. Children
who are forcefully punished by their parents show more ag-
gression to peers (Strassberg et al., 1994). Adults with a his-
tory of forceful and violent punishment have been suggested
to have more problems with power in the relationship with
their children (Bugenthal ef al., 1999) and are more likely to
use coercive or abusive force in their interactions with chil-
dren (Bugenthal er al., 1989; Sroufe et al., 2005).

Recent correlational studies indicate that parenting may
be related to oxytocin levels in humans as well as in other
mammals (Carter and Altemus, 1997; Insel, 1997; Feldman
et al., 2007; Strathearn et al, 2009). The neuropeptide oxy-
tocin, produced in the hypothalamus, has been the focus
of various studies on the influence of hormonal functioning
on feelings, attitudes, behavior and neural responses (for a
review see Campbell, 2010). Experiments with intranasal
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oxytocin administration documented its positive effect on
observed parenting (Naber et al., 2010), interpersonal trust
(Baumgartner et al., 2008; Theodoridou et al., 2009; Declerck
et al, 2010) and emotional empathy (Hurlemann et al,
2010; for a review, see Bartz et al., 2011; for a meta-analysis
see Van IJzendoorn and Bakermans-Kranenburg, in press).
Oxytocin sniffs increase oxytocin levels in saliva for several
hours (Huffmeijer et al., submitted for publication), and in
the same study oxytocin administration was found to change
event-related potentials in response to facial feedback sti-
muli. More positive vertex positive potential (VPP) and
late positive potential (LPP) amplitudes after oxytocin com-
pared to placebo administration were found, suggesting that
oxytocin increased attention to the feedback stimuli (LPP)
and enhanced the processing of emotional faces (VPP)
(Huffmeijer et al., submitted for publication).

Nevertheless, oxytocin might not promote positive feel-
ings and suppress aggression for all people in all circum-
stances (Bartz et al, 2011). Oxytocin administration may
drive a ‘tend and defend’ response promoting in-group
trust and cooperation, but at the same time enhancing de-
fensive aggression toward competing out-groups (De Dreu
et al., 2010). Males and females were more willing to con-
tinue a social-interactive computer game after oxytocin
administration, unless they were confronted with a manipu-
lation that made them feel belonging to a rejected out-group
(Alvares et al., 2010). Bartz et al. (2010a) found that effects of
oxytocin administration were moderated by participants’ at-
tachment representations, with less anxiously attached indi-
viduals remembering their mother as more caring and close
after oxytocin (vs placebo) but more anxiously attached in-
dividuals remembering their mother as less caring after oxy-
tocin (vs placebo).

In one of our own studies, oxytocin administration ap-
peared to increase participants’ willingness to donate money
to a charity after having watched a promo film clip present-
ing a deprived child, but only when they had experienced
low levels of parental love withdrawal (Van IJzendoorn et al.,
in press). Love withdrawal is a parental disciplinary strategy
that involves withholding love and affection when a child
misbehaves or fails at a task. When used excessively, it is
considered psychological maltreatment (Euser et al., 2010).
Participants who experienced high levels of love withdrawal
tended to donate even less in the oxytocin condition.

Any positive effects of oxytocin may thus be altered or
hindered by experiences of harsh discipline in childhood.
We tested the effect of oxytocin administration on hand-grip
dynamometer strength during listening to infant crying
sounds in a study with a between-subjects design with
(mainly) twins, females who were perfectly matched on age
and global child rearing experiences. We expected that oxy-
tocin administration would reduce the use of excessive force
as indicated by grip strength on a hand-grip dynamometer
when exposed to infant crying in particular in individuals
whose parents did not (often) use harsh discipline methods.
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In case of high levels of harsh discipline, the effects of oxy-
tocin might be impeded, with no reduction of excessive
power as a result.

METHODS
Participants

A group of 44 right-handed females were recruited, half of
them from monozygotic (MZ) twin pairs and half of them
from dizygotic (DZ) twin pairs, without children of their
own, in good health, without hearing impairments, preg-
nancy, psychiatric or neurological disorders, and screened
for alcohol and drug use (see Riem ef al, 2011). One par-
ticipant failed to perform the dynamometer task, and one
participant had incomplete questionnaire data, resulting in a
total sample of 42 participants: 30 participants from twin
pairs (16 MZ, 14 DZ) and 12 participants without a parti-
cipating twin sibling (5 MZ, 7 DZ). The mean age of the
participants was 29.3 years (s.d. =7.5, range 22-49). Their
educational level was on average 3.7 (s.d.=0.8) on a scale
ranging from 1 to 5, with 3 equivalent to 16 years of educa-
tion and 4 equivalent to 20 years of education. Sixty-seven
percent of the participants used oral contraceptives.
Permission for this study was obtained from the Medical
Ethics Committee of the Leiden University Medical Center
and all participants gave informed consent.

Procedure
Participants were invited preferably in the luteal phase of
their menstrual cycle. They were instructed to abstain from
alcohol and excessive physical activity during the 24 h before
the start of each session, and from caffeine on the day the
session took place. At the start of each session, a saliva
sample was collected and participants completed a number
of questionnaires, e.g. on their use of oral contraceptives and
menstrual cycle phase, which might influence the effect of
oxytocin administration. The participants then received six
puffs of nasal spray containing 4 IU/puff of oxytocin (16 IU
total, RVG number 03716, Sandoz b.v.) or six puffs of a
placebo-spray (NaCl solution) under supervision of the ex-
perimenter. One sibling from each twin pair was randomly
assigned to the oxytocin condition and the other sibling to
the placebo condition. Participants without a twin sibling
were also randomly assigned to the oxytocin and placebo
condition. Drug administration was double blind.
Approximately 19 min after the administration of oxyto-
cin or placebo the hand-grip task was administered. In a
previous study, we showed that salivary oxytocin levels
remain strongly elevated in a stable way up to (at least)
2% h after administration of nasal spray containing 16 IU
of oxytocin (Huffmeijer et al., submitted for publication),
which is longer than the time period between oxytocin ad-
ministration and completion of the hand-grip task in the
current study. Indeed, immediately before the start of the
hand-grip task we found significantly higher salivary oxyto-
cin levels in the oxytocin group compared to the placebo
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group (oxytocin group: M=206.11, s.d. =178.10; placebo
group: M=7852, s.d.=159.02; P=0.02, d=0.78).
Participants were not informed about the effects of oxytocin
under investigation, only about the possible side effects they
might experience (which was required by the ethical
committee).

After the experiment, participants received some ques-
tionnaires, including a questionnaire on experiences of par-
ental harsh discipline, which they completed at home and
returned by mail within two weeks of the experiment.

Harsh discipline

Participants completed an 18-item questionnaire on experi-
ences of parental harsh discipline (Van IJzendoorn and
Bakermans-Kranenburg, unpublished data) that was based
on the Parent—Child Conflict Tactics Scales (Straus et al.,
1998). Items included experiences such as being spanked
on the bottom, being kicked hard or hit with a fist, and
threats to be sent away or kicked out of the house. Items
were scored on a rating scale ranging from 1= (almost)
never to 5= (almost) always. Scores on two items (‘ex-
plained why something was wrong’ and ‘given something else
to do instead of what was wrong’) were reversed. Reliability
of the scale was satisfactory (¢ =0.78). Standardized item
scores were added to yield a total score for experiences of
parental harsh discipline. Scores were normally distributed,
and did not differ for participants in the oxytocin or placebo
condition, #40)=0.37, P=0.71.

Handgrip-force task

An adult hand dynamometer was used as an indicator of the
use of excessive force during listening to infant laughter and
infant crying. The dynamometer (model TSD121C) weighed
315 g and was 185-mm long, 42-mm wide and 30-mm thick,
with an isometric range from 0 to 100 kg. Squeeze intensities
(in kg) were transferred directly from the dynamometer to
the AcqKnowledge software program (version 3.8; Biopac
Systems, 2004). Matlab (version 7.8.0, Mathworks, MA,
USA) was used to identify peak intensities for each squeeze.

Participants were asked to squeeze the handgrip dyna-
mometer as hard as possible and then at 50% of their max-
imal handgrip strength. They performed as many trials as
necessary for training, with their performance displayed on a
monitor to check the 50% level of each second handgrip,
until they were able to modulate the force of their second
squeeze to half the strength of their first squeeze. Then the
monitor was directed away from the participant in order to
prevent them from receiving feedback regarding their per-
formance during the remainder of the task.

The handgrip-force task was administered on a laptop
using E-Prime software (version 2.0; Psychology Software
Tools, Inc., PA, USA). During the task participants were
seated in front of a computer screen wearing headphones
(type Konig CMP). As a prompt, the words ‘squeeze max-
imally’ were displayed briefly in the middle of the screen,
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after 2s followed by the prompt ‘squeeze at half strength’,
thus prompting the participants to perform a brief firm
squeeze followed by a brief squeeze half the strength. After
baseline squeezing (no sound), participants were requested
to squeeze the handgrip dynamometer eight times at full and
half strength, respectively, the first four times listening to
infant laughter and then four times listening to infant
crying. The infant laughter sound (duration = 2 min, average
fundamental frequency =215.96 Hz, constant volume) and
the infant crying sound (duration =2 min, average funda-
mental frequency =360.06, constant volume) from Groh
and Roisman (2009) were used. The intervening time be-
tween full- and half-strength prompts was 2 s; the interven-
ing time period between half-strength and the next
full-strength prompt was 25s.

Grip strength modulation was calculated by dividing the
half-strength squeeze intensity by the full-strength squeeze
intensity, so that scores of over 0.50 indicated excessive force
on the half-strength squeeze attempt. As a result of fatigue
the last trial yielded too many missing data. Therefore we
decided to use the first three trials per infant sound condi-
tion (laughter and cry), for which we added the numbers of
trials with too much physical force (>0.50). Since only few
participants never used more than half strength, we distin-
guished between using excessive force never or only once vs
using excessive force two or three times per condition.

RESULTS

Twelve participants (29%) used excessive force once or never
during listening to infant laughter, and 16 (38%) used ex-
cessive force once or never when exposed to infant cry
sounds. Handgrip force was unrelated to participants’ age
and educational level (P>0.23). Similarly, age (P=0.31)
and educational level (P=0.44) were not associated with
experiences of harsh discipline. Menstrual cycle phase and
use of oral contraceptives were not related to any of the
predictor or outcome variables (P’s>0.16). The oxytocin
and placebo group did not show different baseline salivary
oxytocin levels (before taking the puffs of oxytocin or pla-
cebo, P=0.31), nor were baseline oxytocin levels related to
experiences of harsh discipline (P=0.41).

General loglinear regression analyses were conducted to
predict the use of excessive force during infant laughter
and cry sound with condition (oxytocin vs placebo) and
experienced harsh discipline (median split) as well as the
interaction between condition and discipline as predictors.
The regression model for excessive force during infant laugh-
ter was not significant (likelihood ratio 8.20, P=10.09; no
significant predictors), but the model predicting excessive
force during infant crying was significant (likelihood ratio
10.16, P=0.04, d=0.66). Participants in the oxytocin con-
dition with low scores on harsh discipline less often used
excessive force when exposed to infant cry sounds. The re-
sults are presented in Figure 1, showing an overrepresenta-
tion of these participants among those who rarely used
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Fig. 1 Percentages of participants rarely using too much physical force during infant laughter and crying, with and without oxytocin administration, taking into account their
experiences with parental harsh discipline. Gray bars represent participants with high scores on experienced harsh discipline.

excessive physical force during infant crying (75%, adjusted
standardized residual +2.4). For those participants who re-
ported being disciplined harshly, it made no difference
whether they were in the oxytocin or in the placebo condi-
tion (adjusted standardized residual 0.0).

DISCUSSION

Oxytocin decreased the use of excessive force when listening
to infant crying, but only for those participants who experi-
enced little harsh discipline in their childhood. Our results
support and extend previous studies showing differential ef-
fects of oxytocin administration, with the quality of child-
hood caregiving experiences as an important moderating
factor (Bartz et al., 2010; Huffmeijer et al., submitted for
publication; Van IJzendoorn et al., in press).

The significance of infant crying and the variety in re-
sponses to infant crying cannot be overstated. Infant crying
signals the infant’s need for safety, protection and comfort,
and from an evolutionary perspective, crying serves the pur-
pose of eliciting parental proximity and care. Mothers’ af-
fective responses to infant crying were found predictive of
their sensitive care of the infant when distressed, which in
turn predicted attachment security with more explanatory
power than maternal sensitivity to their infants when they
were not distressed (McElwain and Booth-LaForce, 2006).
On the dark side, using reports on age-specific incidences
of hospitalized cases of Shaken Baby Syndrome from
California hospitals in the period 19962001, Barr et al.
(2006) presented evidence for crying as a trigger to violent
shaking, resulting in head trauma or fractures of the long
bones or ribs. In the Netherlands, 5.6% of parents with a
6-month-old infant reported having smothered, slapped or
shaken their baby at least once because of its crying
(Reijneveld et al., 2004).

In our previous study, we found activation in the amyg-
dala when participants listened to infant crying compared to
the control sounds—an activation that was reduced for par-
ticipants with experimentally induced oxytocin levels (Riem
et al., 2011). Decreased amygdala activation might promote
sensitive responsiveness to infant crying rather than more
impatient or harsh responses by preventing parents from
being overwhelmed by anxious or aversive feelings.
Stress-reducing effects of oxytocin in lactating mothers
have been documented as well (Heinrichs et al, 2001;
Heinrichs et al, 2002). Whereas oxytocin reduced neural
activation in the amygdala, it increased activation in regions
associated with empathy and mother—infant bonding, the
insula and the inferior frontal gyrus pars triangularis
(Riem et al., 2011). While annoyance and anxiety may lead
parents to punish the infant for displaying negative affect in
order to reduce their exposure to distress (Out et al, 2010;
Leerkes et al., 2011) increased empathy and reduced anxiety
and aversion may effectively prevent the use of excessive
force in response to infant crying.

The effects of oxytocin were confined to the exposure to
infant crying sounds and not significant during infant laugh-
ter. Strathearn and colleagues found that dopaminergic
reward-related brain regions were activated specifically in
response to happy, but not sad, infant faces (Strathearn
et al., 2008). On the other hand, similar physiological over-
reactions to crying and smiling infant stimuli in adults at risk
for maltreatment have been reported (Frodi and Lamb, 1980;
Pruitt and Erickson, 1985). Future studies may unravel the
convergence and divergence of the processes underlying
adult response to laughter and crying—the two infant cues
that create and maintain caregiver proximity and are both
essential to survival (Bowlby, 1969/1982; Van Hooff, 1972).

One of the limitations of our study is the use of a
between-subjects design, implying the risk of pre-existing
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differences between the oxytocin and placebo group.
However, the majority of our participants were mono- and
dizygotic twin pairs, perfectly matched on age and global
child rearing experiences, and even on genotype in monozy-
gotic twin pairs. Indeed, we did not find any difference on
baseline salivary oxytocin levels or harsh discipline experi-
ences between the oxytocin and placebo groups. Second, our
sample consisted of women without children, and the gen-
eralizability to mothers’ responses to their own and other
infants’ cry sounds should be examined in future studies.
The advantage of our sample is the homogeneity in terms
of parental exposure to infant laughter and caregiving
responsibilities for (excessively) crying infants. Moreover,
effects of oxytocin have been found to be gender specific,
and studies on human females are underrepresented (see for
a review Bos et al., in press).

In line with our expectations, the positive effects of oxy-
tocin were observed only for participants without experi-
ences of parental harsh discipline. This points to early
caregiving experiences as an important moderator of the
stress-reducing effect of oxytocin. In the majority of experi-
mental studies with intranasal oxytocin administration, this
factor has not been taken into account (with the noteworthy
exceptions of Bartz et al, 2010a, 2010b; Huffmeijer et al.,
submitted for publication; Van IJzendoorn et al., in press),
leaving open the possibility that reported main effects of
oxytocin administration on enhanced interpersonal trust,
empathic concern and positive parenting are actually under-
estimates of the effects in specific subgroups.

At the same time these findings underscore the idea that
oxytocin is not an all-purpose ‘love hormone’ or attachment
panacea (Bartz et al., 2010). At least two factors should be
taken into account. First, oxytocin may enhance aggression
rather than trust with regard to out-groups (the ‘tend and
defend’ response, De Dreu et al., 2010), though we did not
find such an effect in the current study (converging with a
recent meta-analysis of the extant literature by Van
IJzendoorn and Bakermans-Kranenburg, in  press).
Oxytocin was found to increase jealousy or gloating when
an unknown (putative) other player gained or lost money
(Shamay-Tsoory et al., 2009). Testing the effect of prior
social contact, DeClerck et al. (2010) found that oxytocin
stimulated cooperation in participants who socially inter-
acted before the cooperation game, but reduced cooperation
when they had not met other participant before.

Second, oxytocin may increase trust and positive affect
only in individuals with relatively favorable childhood rela-
tionship experiences. Meinlschmidt and Heim (2007) found
that oxytocin administration reduced cortisol levels, index-
ing reduced stress levels, in adults who had not experienced
any major childhood adversity, but did not bring about this
effect in adults who endured parental separation early in life.
We found in a previous study that oxytocin increased donat-
ing to a charity only in individuals who did not feel rejected
by their parents (Van IJzendoorn et al., in press). In case of
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high love withdrawal, oxytocin administration may be inef-
fective (as in the current study with experiences of harsh
parenting) or even aggravate the negative feelings about
self and significant others, leading to smaller donations
(Van IJzendoorn et al, in press), decreased trust (Bartz
et al., 2010b) or more negative memories (Bartz et al,
2010a).

These two moderating factors (the perspective of the
out-group and the quality of early social relationships)
may not be independent. Individuals with unfavorable
early caregiving experiences are more inclined to attribute
hostile intentions to the social environment that is not con-
sidered a warm in-group but a potentially untrust-
worthy out-group (Bowlby, 1969/1982; Belsky 1988). The
latent aggressive tendencies that are called for in an unsafe
environment may not be lessened or even be intensified by
experimentally induced oxytocin levels. On the other hand,
oxytocin may increase trust and cooperation in individ-
uals with more supportive backgrounds when they perceive
the situation as unthreatening—which they naturally tend
to do on the basis of their positive experiences with social
interaction. Hormones yield different behavioral effects in
different or differently perceived conditions and contexts
(Bartz et al., 2011; Bos et al., in press); so from an evolu-
tionary perspective these different results point in the same
direction.

In future oxytocin administration studies, the oxytocin
receptor genotype (OXTR) might be taken into account
as OXTR has been shown to affect sensitivity to infant
signals in a direct way (Bakermans-Kranenburg and Van
[Jzendoorn, 2008), and OXTR might also influence the
effectiveness of intranasally administered oxytocin. With
respect to treatment implications, we note that the import-
ance of prior attachment experiences moderating the effects
of oxytocin should tone down high expectations of oxytocin
administration as a stand-alone means of intervention to
increase parental sensitivity or social trust in general. The
positive effects of oxytocin may be confined to those indi-
viduals who are least in need of such an intervention because
of their favorable backgrounds. This scenario illustrates the
so-called Matthew effect (Bakermans-Kranenburg et al.,
2005) that those who fare well, tend to gain more from
the intervention, whereas those who are already at a disad-
vantage would not profit. However, one fruitful strategy
might be to combine oxytocin pharmacotherapy with psy-
chosocial intervention (Bartz et al., 2011; Van IJzendoorn
and Bakermans-Kranenburg, in press). Oxytocin might
serve as a catalyst of intervention efforts in the context of
a supportive therapeutic relationship (Bowlby, 1988), which
is a crucial component of any effective psychosocial
intervention.
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