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In this study, we examined adults’ cardiac reactivity to
repeated infant cry sounds in a genetically informative
design. Three episodes of cry stimuli were presented
to a sample of 184 adult twin pairs. Cardiac reactivity
increased with each cry episode, indicating that subjects
were increasingly sensitized to repeated infant distress
signals. Non-parents showed more cardiac reactivity
than parents, and males displayed a larger increase
in heart rate (HR) in response to repeated cry sounds
than females. Multivariate genetic modeling showed
that the genetic component of adults’ HR while listening to infant crying was substantial. Genetic factors
explained 37–51% of the variance in HR and similar genes influenced HR at baseline and HR reactivity
to infant crying. The remaining variance in HR across
the cry paradigm was accounted for by unique environmental influences (including measurement error).
These results point to genetic and experiential effects
on HR reactivity to infant crying that may contribute
to the explanation of variance in sensitive and harsh
parenting.
Keywords: Behavior genetics, crying, heart rate, heritability,
infant, parenting, twins

Received 17 December 2009, revised 09 March 2010;
13 May 2010; 24 June 2010, accepted for publication 25 June
2010

Infant crying alerts the environment, conveys a sense of
urgency and can motivate parents to alleviate the infant’s
distress (Bowlby 1969; Murray 1979; Zeifman 2001), but it
can also evoke intense negative emotions in parents and
may trigger abuse, neglect and infanticide (Soltis 2004).
Physiological response to infant crying is considered an
important mechanism explaining these divergent caregiving
behaviors (McCanne & Hagstrom 1996; Murray 1985). In
this first behavior genetic study of cardiac reactivity to infant
crying, we examined whether genetic factors contribute
doi: 10.1111/j.1601-183X.2010.00624.x

to individual differences in physiological responsivity to cry
sounds.
Both males and females, parents and non-parents
respond with physiological arousal to infant cry sounds, as
manifested by cardiac acceleration and increases in skin
conductance (Frodi et al . 1978a; Groh & Roisman 2009).
Infant cries elicit greater autonomic arousal in adults than
other sounds with comparable annoying features (Murray
1985), which may indicate empathic distress that facilitates
sensitive caregiving. Indeed, parents who display a strong
physiological response to cry sounds perceive these stimuli
as more aversive and distressing (Frodi et al . 1978a,b) are
more alerted (Fleming et al . 2002) and are more likely to
respond quickly (Del Vecchio et al . 2009). However, crying
can also be a major trigger of child abuse, neglect and
infanticide (Barr et al . 2006; Soltis 2004). Abusive parents are
more negatively affected by the aversive features of crying
and overreact to stressful child-related stimuli, showing
more hostile attributions (Bauer & Twentyman 1985) and
heightened physiological reactivity (McCanne & Hagstrom
1996). It has been shown that abusive parents display
increased autonomic nervous system activity during a wide
range of conditions, including cry sounds, pleasant childrelated stimuli, aversive non-child related stimuli such as a
cold pressor task and also during baseline conditions (e.g.
Casanova et al . 1992 1994; Frodi & Lamb 1980; for a review,
see McCanne & Hagstrom 1996). Because physiological
hyperreactivity to infant crying has also been found in
adults at risk for child abuse who had no children of their
own (e.g. Crowe & Zeskind 1992), more basal biological
and genetic factors may affect reactivity to stressful child
stimuli. Indeed, previous behavior genetic studies showed
that cardiac reactivity to other psychological stressors is
heritable (e.g. De Geus et al . 2007; for a review, see Hewitt
& Turner 1995).
In a genetically informative study, we examined adults’
cardiac reactivity to repeated cry sounds. Because infant
cry sounds consist of many vocalizations and of an acoustic
structure that changes over time (Green et al . 1998), we
presented cry sounds varying in pitch while measuring
adults’ heart rate (HR). Second, we investigated the extent
to which genetic and environmental influences contribute
to the explanation of variance in cardiac reactivity to cry
sounds, using a multivariate behavioral genetic approach
that takes into account both baseline HR and HR during
exposure to the cry sounds. We hypothesized that genetic
factors influence individual differences in cardiac reactivity,
that there would be a substantial overlap in genes affecting
HR at baseline and during the presentations of the cry stimuli
and that new genetic effects might emerge during the cry
episodes.

1

Out et al.

Materials and methods

participants listened to nine cry sounds in total that were grouped in
three episodes of 2 min and 30 s each.

Subjects
Participants were recruited using the municipal registers of five cities
in the western region of the Netherlands, through advertisements
and a website asking for participants and by word of mouth. The
sample consisted of 50 male and 134 female twin pairs; mean age
was 33.0 years (SD = 10.8, range 18–69). The twins were from
a predominantly middle-class population; their mean educational
level was 3.46 (SD = 0.93) on a scale ranging from 1 (elementary
school) to 5 (Bachelor’s or Master’s degree). Twenty-nine percent
of the participants were parents; the mean age of their children
was 12.02 years (SD = 7.27). Ninety-three twin pairs (51%) were
monozygotic (MZ) and 91 (49%) were dizygotic (DZ). Zygosity was
determined on the basis of a zygosity questionnaire with items
on similarities between twin members in childhood, experiences
of mistaking one twin for another in childhood and the twins’ own
opinion with regard to their zygosity (Magnus et al . 1983). The validity
of this questionnaire was established in previous studies comparing
the zygosity classification with the results of DNA analyses (Eisen
et al . 1989; Magnus et al . 1983). In this study, genetic analyses of
six polymorphisms were conducted; results indicated that 12 twin
pairs (6.5% of the sample) classified as MZ on the basis of the
questionnaire were in fact DZ. Twin pairs were invited to the lab and
were tested individually in two quiet rooms. The lab visit started with
several cognitive assessments after which an electrocardiographic
device was fitted. Following an hour long interview, the cry paradigm
was administered, which lasted about 30 min. Permission for this
study was obtained from the ethics committee of the Faculty of
Social and Behavioral Sciences, and informed consent was obtained
for all participants.

Instruments
Cry stimuli
Cry sounds were derived from the spontaneous crying of a healthy
2-day old, full birth-weight, full-term female infant, midway between
scheduled feedings. A 10-s portion of the sustained period of crying,
containing seven expiratory sounds, was selected for presentation.
The peak fundamental frequencies (Peak F0 ) of the entire cry
were 515 ± 15 Hz. Two new 10-s cry stimuli were created by
digitally increasing the original cry by approximately 200 and 400 Hz,
respectively, resulting in two new 10-s cry sounds with an overall
Peak F0 of 714.5 Hz (700 Hz cry) and 895.8 Hz (900 Hz cry). Changes
in the Peak F0 of these two cries were made with comparable
changes in the harmonic structures of the seven cry expirations
across the entire 10-s cry sound segments while holding the temporal
components constant. Digitally manipulated cry sounds have been
successfully used in previous studies, showing their validity in terms
of perception and (anticipated) caregiving responses (Dessureau
et al . 1998; Schuetze & Zeskind 2001; Schuetze et al . 2003). The
500 Hz cry is characteristic of the cries of normal, healthy infants
(LaGasse et al . 2005); fundamental frequencies of 700 and 900 Hz
(and even higher) are observed in transient pain cries of healthy
infants (Porter et al . 1988; Zeskind & Collins 1987) and also in
the cries of infants with medical and neurological conditions (Soltis
2004).

Cry paradigm
The cry paradigm was administered using a laptop with E-prime
software (Version 1.1; Psychology Software Tools, Inc., PA, USA).
The stimuli were presented at the same volume through Sennheiser
HD202 headphones. During the baseline condition, participants were
instructed to relax and look at three landscape photographs that were
presented for 6 min in total. After a practice trial during which the
500 Hz cry was presented, the cry stimuli were presented in three
cycles or episodes. Each episode consisted of three cry sounds (500,
700 and 900 Hz sounds), which were presented in a random order.
Each cry sound was followed by the collection of a saliva sample,
which took about a minute. Because of the saliva samples, the cry
sounds were presented with an intertrial interval of 1 min. Thus,
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Cardiac activity
Heart rate was recorded with the Ambulatory Monitoring System
(VU-AMS5fs; TD-FPP, Vrije Universiteit, Amsterdam, the Netherlands; http://www.psy.vu.nl/vu-ams/; De Geus et al . 1995; Willemsen
et al . 1996). The electrocardiogram (ECG) signal was recorded continuously using three disposable pregelled Ag-AGCL electrodes
(ConMed, New York, USA) that were placed below the right collar bone 4 cm to the right of the sternum, 4 cm under the left nipple
and at the lateral right side. The full ECG signal was stored at a
16-bit sampling rate. Heart rate responses were synchronized to the
cry sounds using an Event Marker button on the AMS device. The
experimenter pushed the button 2 s before each cry sound was
presented, leaving markers that allowed for accurate labeling of each
cry sound.

Statistical analyses
Data processing
Physiological measures were available for 331 individuals (90%);
attrition was mostly because of equipment failure and incorrect
markers. Mean HR was calculated by peak detection of the Rwave via a Matlab script (Version 7.6.0; MathWorks, MA, USA).
The resulting interbeat intervals were visually inspected; in the case
of irregularities, peak detection of the raw signal was repeated
after using a 5–50 Hz zero-phase shifting bandpass filter. On the
basis of standardized scores, six participants with outlying HR
values for baseline and for the cry stimuli were identified. For
each of them, we winsorized the HR values, that is replaced
them with the next highest value of the remaining distribution
(Tabachnik & Fidell 2001), while ensuring that the differences
between HR values of one individual (pattern of reactivity) remained
intact. Baseline levels of HR were averaged across the resting
conditions and HR levels during the presentation of the cry stimuli
were aggregated across each cry pitch as well as across each cry
episode.

Descriptive analyses
We employed multilevel regression models to estimate the effects
of cry pitch and episode on adults’ HR. Multilevel analyses match
the hierarchical structure of the data: the separate measurements of
HR were nested within individuals, while individuals were nested
within twin pairs. Thus, three levels were specified: stimulus,
person and twin level. Gender was entered into the model at
the twin level, parental status was entered at the person level
and episode and cry pitch were entered into the model at the
stimulus level. All independent variables were centered around
their mean. Multilevel regression models were fitted using MLWIN,
Version 2.02 (Rasbash et al . 2005). Fixed regression coefficients
were estimated by maximum likelihood and tested using two-tailed
z -tests. Likelihood ratio tests were used to evaluate the variance of
the random intercepts and of the random slopes as well as overall
model improvement.
We started with an intercept-only model, which decomposed the
variance in HR into three independent components (pertaining to the
twin, person and stimulus level). Gender and parental status were
added to the intercept-only model to examine their effects on HR.
Episode (baseline, cry episode 1, cry episode 2 and cry episode 3) and
cry pitch (0 for baseline, 500, 700 and 900 Hz) were subsequently
added to the model as continuous variables. In the next step, the
regression coefficient for episode was allowed to be random at
the person level in order to examine whether the increase or the
decrease in HR during the cry paradigm varied significantly between
persons. In addition, we examined whether there was a random
effect of cry pitch. Lastly, we tested for interaction effects between
gender or parental status on the one hand and episode or cry pitch
on the other hand.
Genes, Brain and Behavior (2010)
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Behavior genetic analyses
Behavior genetic analyses using structural equation modeling
were conducted to examine the relative contribution of genetic
and environmental factors to HR at baseline and during the
cry episodes. Monozygotic and DZ twins differ in their genetic
relatedness: MZ twins share 100% of their genes, whereas DZ
twins share on average 50% of their genes. By comparing the
resemblance of MZ twins for a trait with the resemblance of DZ
twins, it is possible to estimate to what extent genetic factors
explain phenotypic variation for that trait (Plomin et al . 2005).
Environmental influences are shared by both members of a twin
pair when these influences make them more similar in their
behavior, whereas unique environmental factors make twins more
different.
A multivariate genetic analysis was conducted including HR at
baseline and during each of the three cry episodes (Neale & Cardon
1992; Plomin et al . 2005). The basic path model of genetic and
environmental influences on HR was specified using a triangular
or Cholesky decomposition (Figure 1). To quantify and test the
significance of genetic factors (A), shared environmental (C ) and
unique environmental factors (E , including measurement error),
each of these influences were modeled as latent (unmeasured)
factors affecting individual differences in HR. The contribution of
genetic factor A to baseline levels of HR refers to the heritability
of HR at baseline. Genetic influences on HR during the first
cry episode are represented by genetic factor A (i.e. the genes
that affect baseline levels of HR may also influence HR during
cry episode 1) and by genetic factor Acry1 (i.e. genes that
affect HR only while listening to cry episode 1). Therefore, the
heritability of HR during cry episode 1 is the summed effect of
factors A and Acry1 . Similarly, HR during the second cry episode
is influenced by the genetic factors that also affect HR at
baseline (A) and during the first cry episode (Acry1 ), whereas new
genetic effects may also emerge (Acry2 ). Finally, HR during the
third cry episode is a function of the genetic factors influencing
HR during previous episodes (A, Acry1 , Acry2 ) and new genetic
effects (Acry3 ).
Thus, the extent to which HR during the various parts of the
cry paradigm loads on the same genetic and environmental factors
indicates continuity. For example, genetic factor A may be considered
a common genetic factor when the factor influences baseline levels
of HR as well as HR during (one of) the cry episodes. However,
the effect of a common factor may increase or decrease when
going from one episode to the next. The extent to which HR during
various parts of the cry paradigm is not influenced by the same
genetic or environmental factors indicates change, for example when
novel genetic effects emerge during one of the cry episodes (Acry1 ,
Acry2 , Acry3 ).

Model fitting procedure
All genetic analyses were carried out using the software package
MX Version 1.7.03 (Neale et al . 2003). Gender, age and parental
status were included as covariates. The full model including all
genetic, shared environmental and unique environmental factors
was fitted to the data, and the significance of A and C was tested
by comparing the fit of a CE, AE and E model to that of the full,
saturated ACE model. When the fit of one of these nested models
is not significantly worse compared with that of the ACE model, the
simpler and more parsimonious model is preferred. After selection of
the best-fitting model, we tested whether the cry episodes resulted
in the emergence of new genetic or shared environmental factors by
constraining the corresponding path coefficients to zero. Similarly,
we tested for common genetic or shared environmental factors
by constraining the parameters for the respective factor to the
subsequent episode(s) of the cry paradigm to zero. Finally, to examine
whether the effect of a common factor was amplified or deamplified
by the following episode, we specified a model that constrained the
respective genetic or environmental path coefficients to be equal.
Likelihood ratio tests were used to compare the fit of each nested
model to the full model. The difference in fit is distributed as χ 2 with
the difference in number of fixed parameters of the two models as
the degrees of freedom.
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Results
Cardiac reactivity during the cry paradigm
The effects of episode and cry pitch on HR were examined
using multilevel analyses. Descriptive statistics for HR during
the cry paradigm are listed in Table 1, and results of the
intercept-only model are presented in Table 2 (Model 1). The
estimated value of the intraclass correlation was 31.82/(31.82
+ 50.98 + 14.47) = 0.33 for the twin level, and 50.98/(31.82
+ 50.98 + 14.47) = 0.52 for the person level, providing
evidence for a three-level hierarchical structure. Across
all episodes of the cry paradigm, the mean HR for this
sample was 71.86 beats per minute. Gender and parental
status were then added as predictors to the intercept-only
model (Model 2), but this did not result in an improved fit
(χ 2 [2] = 4.98, P = 0.08). Heart rate was not significantly
associated with parental status (z = −0.76, P = 0.45), but
males had lower mean HR than females (z = −2.09,
P = 0.04). Episode and cry pitch were subsequently added
(Model 3). The fit of this model was good in comparison with
the previous model (χ 2 [2] = 452.21, P < 0.01). There was
no effect of cry pitch on HR (z = 0.32, P = 0.75), but each
subsequent episode of the cry paradigm elicited a significant
increase in HR of 1.39 beats per minute compared to the
previous episode (z = 20.43, P < 0.01).
In addition, there was a random effect of episode at the
person level (χ 2 [2] = 29.63, P < 0.01), which indicated
that the effect of episode on HR varied significantly
across persons (Model 4). In other words, some participants
showed a larger increase in HR over the course of
the cry paradigm than other participants. The covariance
between the random intercepts and random slopes was also
significant (χ 2 [1] = 11.08, P < 0.01): adults with a higher
mean HR displayed larger increases in HR during the cry
paradigm than adults with a lower mean HR (r = 0.41). The
addition of a random effect of cry pitch at the person level did
not result in an improved model fit (χ 2 [3] = 5.50, P = 0.14;
not reported in Table 2).
Lastly, adding the interactions between gender and
parental status, on the one hand, and episode and pitch,
on the other hand, resulted in a significant improvement
in model fit (χ 2 [4] = 11.13, P = 0.03; Model 5). There
was a significant interaction between episode and gender
(z = 2.38, P = 0.02) and between episode and parental
status (z = 2.45, P = 0.01): the increase in HR during the
cry paradigm was larger for males than for females, and
larger for non-parents than for parents.

Behavior genetic analyses of cardiac reactivity
Because the descriptive analyses indicated that there was
an accumulation of reactivity over the course of the cry
paradigm, the behavior genetic analyses focused on baseline
levels of HR and mean HR during each of the three cry
episodes. The analysis included 71 MZ twin pairs and 67 DZ
twin pairs with complete data for each episode of the cry
paradigm. Gender, age and parental status were included as
covariates. The variance component estimates of the final
model are shown in Figure 1 and in Table 3, including the
95% confidence intervals for the estimates.
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Table 1: Means and standard deviations of mean HR at baseline and during each cry episode
Males
Children†

Females
No

children‡

Children§

Total∗

No children¶

M

SD

M

SD

M

SD

M

SD

M

SD

Baseline

66.91

10.31

65.87

8.68

69.11

8.04

70.16

9.52

68.89

9.27

Cry episode 1
Cry episode 2
Cry episode 3

69.00
70.26
71.15

10.25
9.87
10.24

68.55
70.48
72.07

9.24
9.13
9.10

71.20
72.54
72.72

7.94
8.44
8.24

71.98
73.46
74.67

9.23
9.81
10.01

70.97
72.49
73.50

9.13
9.47
9.57

∗n

= 319–329.
= 27–28.
‡ n = 56–58.
§ n = 65–69.
¶ n = 169–175.
†n

Figure 1: Variance component estimates for genetic and
unique environmental influences on HR during the cry
paradigm. Variance component estimates are based on the
final model. Non-significant path loadings are indicated by dotted
lines.

fit (χ 2 [3, N = 138] = 0.32, P = 0.96). Similarly, constraining
factor Acry1 (as a new genetic effect emerging during the cry
episodes) to zero did not result in a significantly worse model
fit (χ 2 [3, N = 138] = 6.63, P = 0.09). Thus, the results
of the multivariate genetic analysis provide evidence for
continuity of genetic effects on HR during the cry paradigm.
One common genetic factor accounted for 51% of the
variance in HR at baseline and between 37% and 43%
of the variance during the cry episodes. The magnitude
of these genetic influences on HR did not differ between
the episodes of the cry paradigm (χ 2 [3, N = 138] = 4.59,
P = 0.21).
The remaining variance in HR across the cry paradigm was
accounted for by unique environmental influences (including
measurement error). The first factor (E ) explained between
41% and 49% of the variance in HR during baseline and cry
episodes, indicating that there was a substantial overlap in
unique environmental factors that affected adults’ HR during
the various parts of the task. Two other factors (Ecry1 and
Ecry2 ) represented unique environmental influences that were
similar for two or more cry episodes. Lastly, episode-specific
unique environmental influences accounted for a small part
of the variance in HR in each of the cry episodes.

Discussion
For all episodes of the cry paradigm, the MZ twin
correlations were higher than the DZ twin correlations, which
suggests heritability of individual differences in HR (baseline
rMZ = 0.51, P < 0.01, rDZ = 0.26, P = 0.03; cry episode 1
rMZ = 0.49, P < 0.01, rDZ = 0.19, P = 0.12; cry episode 2
rMZ = 0.41, P < 0.01, rDZ = 0.13, P = 0.27 and cry episode
3 rMZ = 0.44, P < 0.01, rDZ = 0.24, P = 0.04). The AE model
including genetic and unique environmental factors was the
best-fitting model for HR during the cry paradigm (χ 2 [10,
N = 138] = 0.43, P > 0.99) as the fit of this model was not
significantly worse compared to the full ACE model.
The following sequence of models was tested to examine
whether genetic influences on HR were similar for all
episodes or specific to (one of) the cry episodes. Constraining
the coefficients for the third and fourth genetic factor (Acry2
and Acry3 ) to zero did not result in a significantly worse model
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In this study, we examined adults’ cardiac reactivity to
repeated presentations of infant cry sounds in a genetically
informative design. Although no differences were found in
cardiac reactivity for cry stimuli varying in pitch, there was
an increase in reactivity, with each cry episode eliciting
a higher HR compared to the previous one. Non-parents
and males showed a larger increase in cardiac reactivity
over the course of the cry episodes than parents and
females. Multivariate genetic modeling showed that genetic
influences contributed significantly to individual differences
in cardiac reactivity to infant cry sounds. The heritability of
HR at baseline and during each cry episode was substantial
(37–51%), and similar genes influenced both HR at baseline
and HR reactivity to infant crying. There was no evidence
for genetic influences that were specific to the cry episodes.
Genes, Brain and Behavior (2010)
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72.84 ± 0.75 (<0.01)
−2.72 ± 1.31 (.04)
−0.88 ± 1.15 (.45)

30.28 ± 7.02
50.90 ± 5.98

14.47 ± 0.38
19328.03

31.82 ± 7.17
50.98 ± 5.99

14.47 ± 0.38
19333.01

Model 2

71.86 ± 0.58 (<0.01)

Values refer to the estimates ± SE (two-sided P value Z -test).

Fixed effects
Intercept
Gender
Parental status
Episode
Cry pitch
Episode × parental status
Episode × gender
Pitch × parental status
Pitch × gender
Variance components
Twin level
2
)
Intercept (σv0
Person level
2
)
Intercept (σu0
2
)
Slope episode (σu3
Covariance intercept/slope
2
)
episode (σu03
Episode level
Intercept (σ 2 e )
Deviance

Model 1

Table 2: Effects of episode and cry pitch on HR

12.41 ± 0.32
18875.82

51.11 ± 5.98

29.93 ± 6.98

72.84 ± 0.74 (<0.01)
−2.69 ± 1.30 (.04)
−0.88 ± 1.15 (.44)
1.39 ± 0.07 (<0.01)
0.02 ± 0.07 (.75)

Model 3

11.87 ± 0.33
18846.19

51.35 ± 5.90
0.52 ± 0.14
2.11 ± 0.63

29.79 ± 6.79

72.84 ± 0.74 (<0.01)
−3.12 ± 1.29 (0.02)
−0.53 ± 1.13 (.64)
1.39 ± 0.08 (<0.01)
0.02 ± 0.07 (.74)

Model 4

11.86 ± 0.33
18835.06

51.29 ± 5.90
0.47 ± 0.14
2.06 ± 0.63

29.70 ± 6.78

72.86 ± 0.74 (<0.01)
−2.69 ± 1.30 (.04)
−0.97 ± 1.15 (.40)
1.40 ± 0.10 (<0.01)
0.03 ± 0.09 (.77)
−0.41 ± 0.17 (.01)
0.42 ± 0.18 (.02)
0.11 ± 0.15 (.47)
−0.14 ± 0.15 (.37)

Model 5

Physiological reactivity to crying
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Table 3: Genetic and unique environmental influences on adults’ HR responses during the cry paradigm
Genetic influences (A)

Baseline
Cry episode 1
Cry episode 2
Cry episode 3

Unique environmental influences (E )

A (%)

E (%)

Ecry1 (%)

Ecry2 (%)

Ecry3 (%)

51 (36–64)
43 (25–58)
37 (20–52)
41 (23–56)

49 (36–64)
41 (27–59)
46 (31–64)
41 (27–59)

16 (13–20)
9 (6–12)
7 (5–9)

8 (6–10)
2 (1–4)

9 (7–11)

n = 71 MZ twin pairs, n = 67 DZ twin pairs. 95% confidence intervals for each estimate are provided between parentheses. A,
genetic factor for HR during all episodes of the cry paradigm; E, unique environmental factor for HR during all episodes; Ecry1 ,
unique environmental factor for all cry episodes; Ecry2 , unique environmental influences for cry episodes 2 and 3 and Ecry3 , unique
environmental factor for the cry episode 3.

Most of the previous research on physiological reactivity to
cry sounds did not investigate how reactivity develops during
the task but instead averaged reactivity across cry sounds
(e.g. Boukydis & Burgess 1982; Zeskind 1987) or focused
on second-to-second changes in HR (e.g. Wiesenfeld et al .
1981; Zeskind 1987). This study is the first to show the
cumulative effects of cry stimuli presented in relatively
quick succession. The results indicate that adults become
increasingly sensitized to repeated infant distress signals,
which may form the basis for attributions of increased
urgency and aversiveness, and reflect a preparation for more
active responses. Del Vecchio et al . (2009) have shown that
mothers who displayed strong HR responses to infant cries
presented as long as 10 min responded more quickly and
were more likely to check on their infant. To our knowledge,
only Crowe and Zeskind (1992) used a similar approach
and found a marginally higher HR after the presentation of
phonated and hyperphonated cry sounds for adults at risk
for child abuse, but not for the control group. It should be
noted that the intertrial intervals were much larger in their
study than in our study. A shorter time interval between the
stimuli as used in our study makes sensitization more likely
to occur, especially because the cries within each episode
varied in acoustic properties (Vila et al . 2007).
Even in the presence of genetic influences on physiological
responses to crying, this study suggests that caregiving
experience plays a role: adults with no children of their own
showed more cardiac reactivity than parents. In addition,
males displayed a larger increase in HR in response to
repeated cry sounds than females. Gender differences in
physiological responses to infant crying are generally not
found (Frodi & Lamb 1978; Frodi et al . 1978a,b; Groh &
Roisman 2009; cf. Brewster et al . 1998), though Wiesenfeld
et al . (1981) found gender differences in cardiac reactivity
when parents listened to the cries from their own infant.
In addition, males and females differ in their hormonal
responses to (unfamiliar) infant cries (Fleming et al . 2002;
Stallings et al . 2001) and following interaction with their own
infants (Feldman et al . in press). This study extends these
findings by showing that gender differences in physiology
may emerge in response to repeated presentations of infant
cry sounds.
With regard to differences in cardiac reactivity between
parents and non-parents, Pedersen et al . (1996) suggested
that parents may show less reactivity than non-parents
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because they perceive infant cries more accurately, are more
adept in selecting an appropriate response and understand
the basic resilience of infants. Indeed, previous studies have
shown that caregiving experience fine-tunes cry perception
(Green et al . 1987; Gustafson & Harris 1990) and that parents
experienced less negative emotions when listening to cries
than non-parents (Zeskind & Lester 1978). The few studies
that compared the effects of infant crying on physiological
responses and brain activation in parents and non-parents
yielded diverging results (Boukydis & Burgess 1982; Murray
1985; Purhonen et al . 2001; Seifritz et al . 2003). Our findings
of larger increases in HR for males and non-parents may partly
explain the elevated risk of child maltreatment in families with
stepparents (van IJzendoorn et al . 2009) when male partners
without children of their own become a member of a family
that includes their partner’s children. In future studies, this
issue could be investigated further by including a group of
non-biological (step and adoptive) parents.
Several studies have suggested that specific basal
neurobiological factors may affect parents’ physiological and
caregiving responses to crying (e.g. Crowe & Zeskind 1992;
Newman 2007; Stallings et al . 2001; Swain et al . 2007). This
study is the first to show that genetic influences account for
a substantial part of the variance in adults’ HR while listening
to infant crying. The heritability of HR at baseline and during
the cry episodes varied between 37% and 51%, which is
comparable to the heritability estimates reported in the study
by De Geus et al . (2007) who studied cardiac reactivity to
a mental stress task in a sample of middle-aged adults.
In addition, multivariate analyses showed mainly continuity
of genetic effects on adults’ HR during the cry paradigm.
There was a single genetic factor that influenced both HR at
baseline and HR reactivity to infant crying, and the magnitude
of this genetic effect was similar for the baseline and cry
conditions. Finally, unique environmental influences (which
include measurement error) also contributed significantly to
the variance in adults’ HR: some of them affected HR during
more than one episode, whereas others were specific for
one episode.
There was no evidence that exposure to the cry stimuli
triggered new genetic effects on adults’ HR: similar genetic
mechanisms contributed to HR during baseline condition
and when exposed to infant cry sounds. This genetic effect
on overall HR levels may subsequently influence parental
sensitivity to infant signals: preliminary support for this
Genes, Brain and Behavior (2010)
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hypothesis comes from studies showing that adults at risk
for abusing their children display physiological hyperreactivity
not only to stressful infant stimuli but also in response to
pleasant child stimuli, non-child related aversive stimuli and
even during baseline conditions (e.g. Casanova et al . 1992
1994; Frodi & Lamb 1980). Recent studies have identified
genetic polymorphisms involved in the adrenergic (McCaffery
et al . 2002) and serotonergic system (McCaffery et al . 2003;
Williams et al . 2008) that influence HR and blood pressure at
rest and in response to stress.
Nevertheless, the absence of a stress-specific genetic
effect is in contrast to previous studies on cardiovascular
reactivity, showing amplification of existing genetic effects
as well as new genetic effects emerging during stress (De
Geus et al . 2007; Wang et al . 2009). Lack of power for this
nearly significant effect because of the modest sample size in
this study may account for the different results. Furthermore,
the activation of stress-specific genes may also depend on
the nature of the stressor. De Geus et al . (2007) used mental
stress tasks lasting 8.5 min each, and Wang et al . (2009)
included a social competence interview of 10 min. Listening
to continuous infant crying for such a period of time may elicit
higher levels of arousal and uncover new genetic effects.
Thus, future studies may examine physiological reactivity
to an extended period of infant crying (e.g. McCanne &
Hagstrom 1996).
This study shows that adults’ cardiac reactivity to cry
sounds is not only a function of the distress signals
emitted by the infant but is also dependent on genetic
factors affecting adults’ HR, thereby making some adults
physiologically more reactive to stressful child stimuli than
others (e.g. Riem et al . in press). Whether and how
this genetic effect is translated in terms of caregiving
behavior may also depend on additional environmental risk
factors. For example, Caspi et al . (2002) reported increased
levels of antisocial behavior in adults with low MAOA
(monoamine oxidase A) activity dependent on whether
they had experienced childhood maltreatment. Interestingly,
Casanova et al . (1994) have shown that abused mothers
display a different physiological response pattern while
viewing smiling and crying infants compared to non-abused
mothers. In addition, genetic vulnerability may only be
translated into less sensitive parenting in the presence of
high levels of daily stressors (van IJzendoorn et al . 2008).
These findings are noteworthy because excessive crying
and cry sounds with abnormal acoustic features are known
to cause severe stress for parents (Barr et al . 2006; Soltis
2004).
This study has some limitations. First, we found no
differences in adult cardiac responses to the 500, 700 and
900 Hz cry sounds. Cry sounds with a high fundamental
frequency are indicative of severe infant distress (Porter
et al . 1988) and may elicit higher levels of physiological
and perceived arousal in adults than cries with a lower
fundamental frequency (Zeskind et al . 1985). However,
although several studies showed that high-pitched cry
sounds were perceived as more urgent and arousing (for
a review, see LaGasse et al . 2005), results with regard
to increased physiological arousal in adults appear to be
equivocal (Boukydis & Burgess 1982; Crowe & Zeskind
Genes, Brain and Behavior (2010)

1992; Frodi et al . 1978b, 1981; Zeskind 1987). In addition,
the short intertrial intervals in our study may have diminished
differences in physiological reactivity. Second, no control
stimuli were included in order to investigate whether adults’
cardiac responses were specific for cry sounds or simply
represented responses to aversive auditory stimuli. It should,
however, be noted that Murray (1985) has convincingly
shown that cries elicit greater physiological arousal than
other aversive sounds. Investigating the cumulative effect
of repeated infant distress signals on adults’ HR would not
have been possible when control stimuli had been included
as well (see, for example Crowe & Zeskind 1992 and Zeskind
1987 for studies with similar designs).
Third, only nine cry sounds of short duration were used
and presented in a laboratory context. Although the use of
standardized stimuli presented in a standardized context is a
necessary condition when examining genetic influences on
adults’ responses to crying, future research may combine
these experimental measures with more dynamic measures
of perception and observed caregiving (Del Vecchio et al
2009; Hubbard & van IJzendoorn 1991). Ambulant measures
of HR (e.g. Pieper et al . 2007) in the home environment may
be combined with assessments of parents’ perception of
their infants’ crying, and with observation of their caregiving
behavior. Finally, a limitation may be that our sample size
is relatively small compared to previous studies that used a
similar genetic approach to cardiac reactivity (De Geus et al .
2007; Wang et al . 2009). Because of insufficient power, it
was not possible to test whether males and females differed
in the heritability of HR.
This is the first behavior genetic study on physiological
responses to infant crying. We found that adults displayed
an increase in cardiac reactivity to repeated presentations
of cry stimuli and that similar genes contributed to HR at
baseline and HR reactivity to infant crying. This genetic
effect on adults’ HR while listening to cry sounds may prove
to be especially important in explaining why parenting stress
because of excessive and aversive crying may lead to less
optimal and even abusive parenting.
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