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Abstract

Early life stress has been shown to contribute to alterations in biobehavioral regulation.
Whereas many different forms of childhood adversities have been studied in relation to
cardiovascular outcomes, very little is known about potential associations between caregivers’
verbally aggressive behavior and heart rate and blood pressure in the child. This prospective
study examined whether maternal verbally aggressive behavior in early infancy is associated
with heart rate or blood pressure at age 5–6. In the Amsterdam Born Children and their
Development study, a large prospective, population-based birth cohort, maternal verbally
aggressive behavior was assessed by questionnaire in the 13th week after birth. The child’s
blood pressure and heart rate were measured during rest at age 5–6 (n= 2553 included).
Maternal verbally aggressive behavior in infancy was associated with a higher systolic blood
pressure (SBP) both in supine and sitting position after adjustment for sex, height and age
(SBP supine B= 1.01mmHg; 95% CI [0.06; 1.95] and SPB sitting B= 1.29mmHg; 95% CI
[0.12; 2.46]). Adjustment for potential confounding variables, such as other mother–infant
dyad aspects, family hypertension and child’s BMI, only slightly attenuated the associations
(SBP supine B= 0.99mmHg; 95% CI [0.06; 1.93] and SPB sitting B= 1.11mmHg; 95% CI
[− 0.06; 2.27]). Maternal verbally aggressive behavior was not associated with diastolic blood
pressure or heart rate at age 5–6. Maternal verbally aggressive behavior might be an
important early life stressor with negative impact on blood pressure later in life, which should
be further investigated. Possible underlying mechanisms are discussed.

Introduction

Increasing evidence indicates that early life stress such as adverse childhood experiences may
have long-term consequences for cardiovascular health, possibly by altering the sensitivity of
stress-related physiological systems predisposing to adverse cardiovascular outcomes.1,2

Exposure to parental aggression in childhood is sadly common.3 Various kinds of aggression
such as child physical abuse and family violence have been shown to be associated with altered
biobehavioral regulation in adults, and blood pressure (BP) or hypertension in particular.4,5

Adults who experienced multiple adverse childhood experiences, including abuse, neglect and
household dysfunction, showed a faster rise in BP levels after 30 years of age, than those
without those experiences.6 In addition, accumulation of four or more childhood adversities
was positively associated with resting heart rate (HR) in adolescents.7 Consequences of infant’s
exposure to parental aggressive behavior for later cardiovascular outcomes are largely
unknown. Also, very little is known about potential associations between verbally aggressive
behavior to the young infant and BP and HR in the child.

The prevalence of maternal verbally aggressive behavior is unknown. Interestingly, high
‘expressed emotion’ (criticism, hostility and emotional over involvement) has been shown to
appear in 6% of pregnant women.8 Maternal verbally aggressive behavior to the very young
infant can be considered a profound early life stressor, as soothing maternal behavior would be
more appropriate at this young age. Vocalizations have been shown to be highly important
in neuroendocrine regulation of bonding, equally as important as touch.9 The quality of
mother–infant interaction influences the development of the child’s self-regulation capacities10

and disturbances might affect biobehavioral pathways.
Indeed, maternal sensitivity or attunement is vital for mother–infant communication, and

the quality of the mother–infant dyad can be a source of stress reduction or distress to the
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infant. Maternal verbally aggressive behavior has been regarded
as a kind of emotional abuse. Maternal–child interactions of
emotionally abusing mothers are characterized by poor sensitivity,
hostility and criticism or disinterest.11 Other factors that may
influence the quality of the mother–infant dyad are maternal
depression and low levels of pleasure in taking care of the infant.
Depressed mothers often show less sensitivity and more harsh or
disrupted parenting behaviors.12 Most mothers, both depressed
and not, enjoy taking care of their infant, but some do not.
Mothers experiencing low levels of pleasure in infant care could
be less sensitive to the infant’s needs,13 possibly enabling less
positive interactions similar to depressed mothers.

Based on the evidence demonstrating adverse cardiovascular
outcomes in people who had been exposed to parental physically
aggressive behavior in childhood, we hypothesized that children
exposed to maternal verbally aggressive behavior in early infancy
would have a higher resting BP and HR already at age 5–6,
compared with children not exposed to maternal verbally
aggressive behavior in early infancy, regardless of other important
mother–infant dyad aspects.

Method

Participants and research design

The study sample is part of a large prospective population-based
multiethnic birth cohort, the Amsterdam Born Children and their
Development (ABCD) study, which started in 2003. Extensive
information about the cohort and procedures regarding data
collection has been published elsewhere.14 Approval of the ABCD
study was obtained from local ethical committee (Institution
name XXX, approval number MEC 02/39#02.17.392). All partici-
pating mothers gave written informed consent for themselves and
their children.

The flow chart of participants included is presented in Fig. 1.
Between January 2003 and March 2004, all pregnant women
living in Amsterdam were asked to participate in the ABCD study
during their first prenatal visit to an obstetric care provider. Of the
12,373 women approached, 8266 women filled out the pregnancy
questionnaire [mean gestational age: 15.7 weeks (SD 3.5)(response
rate: 67%)]. A total of 6735 women gave permission for follow-up.
Three months after birth, 5131 women filled out the infancy

Age 5-6 health checks
N=3287 (40%)

-------------------------------------------------PHASE I----------------------------------------------------

-------------------------------------------------PHASE II---------------------------------------------------

-------------------------------------------------PHASE III--------------------------------------------------

Pregnancy questionnaire
N= 8266 (100%)

Permission for follow-up
N= 6735 (81%)  

Excluding: Liveborn multiples
N= 132 

Infancy questionnaire singleton
N= 5131 (62%) 

Mothers retrieved after 5 years*
N= 6161 (75%)

Maternal reports at age 5
N= 4488 (54%) 

Maternal reports (both infancy and age 5-6)
N= 3781 (46%) 

Excluding:prematures (n=176), congenital
diseases and cardiac diseases (n=124))  

Complete data (maternal verbal aggression,
and health checks)
N= 2553 (31%) 

Fig. 1. Flow chart of participants included for analysis. *Attrition at this stage due to withdrawal, infant or maternal death, and unknown address or emigration.
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questionnaire. For the questionnaire at the child’s age of 5–6 years,
addresses of 6161 mothers were retrieved and 4488 mothers
returned the questionnaire. Data on all three measurements
(pregnancy, infancy and early childhood) had to be available to be
included in the present study. Children who were twins, born
prematurely (gestational age <37 weeks) or had congenital diseases
or cardiac diseases were excluded (n= 2553 included).

Maternal verbal aggressive behavior in infancy

Maternal verbally aggressive behavior was assessed by a maternal
self-report questionnaire completed in the 13th week after birth
(range 11–25 weeks, SD 2 weeks), using a question on frequency
of speaking angrily to the infant on a six-point scale: ‘Have you
ever spoken angrily to your baby in order to diminish the crying?.’
The score was dichotomized [speaking angrily (frequency ⩽1 or
⩾2)]. Maternal verbally aggressive behavior was considered
present if speaking angrily to the infant had been present twice or
more. This cut-off was chosen in order to make a distinction
between speaking angrily to the infant infrequently, for example
by accident, v. twice or more often.

Children’s cardiovascular outcomes at age 5–6

Children’s BP was measured twice both in supine and sitting
position after a test reading and 5min of rest with the automatic
oscillometric method, using an automatic device with a small
cuff (arm circumference 17–22 cm) on the non-dominant arm.
When either the systolic (SBP) or diastolic pressure (DBP) differed
more than 10mmHg between the two measurements, a third
measurement was taken (n= 502: 17%). The average of the two
supine position measurements closest together was used. HR was
measured using the VU University Ambulatory Monitoring System
(VU-AMS-version-5fs, TD-FPP, Amsterdam, the Netherlands).
Reliability and validity aspects and recording methodology of the
VU-AMS have been described previously.15,16 To obtain the mean
value of HR, mean HR across all supine conditions was used,
excluding the period during which BP was measured.

Potential confounders

The following child characteristics during infancy were assessed:
sex, birth weight, gestational age, and excessive crying. Excessive
infant crying was considered present if mothers estimated their
infant to cry for three or more hours per 24h/day on average in the
past week (best approximation of the Wessel’s criteria).17,18 The
following maternal characteristics during pregnancy were included:
age, parity (0 or ⩾ 1), ethnicity (European origin or non-European
origin), cohabitation status (single or living together with partner),
and level of education (years after primary school). During infancy
maternal postnatal depressive symptoms, maternal physically
aggressive behavior and maternal smoking at home were included.
Maternal postnatal depressive symptoms were measured using the
Center for Epidemiologic Studies Depression Scale (CES-D).19 The
summed scores were dichotomized (<16 or ⩾ 16), using the cut-off
for potential cases. Pleasure in infant care was measured using five
questions on a four-point scale (very true, true, not true, not true at
all): ‘Do I feel very good taking care of my baby?’; Do I feel very
satisfied taking care of my baby?; Do I feel happy taking care
of my baby?; Am I fed up taking care of my baby?; Do I really
enjoy taking care of my baby?.’ The summed score were analyzed
continuously. A higher score corresponded with lower levels of
pleasure in infant care. Maternal physically aggressive behavior

consisted of three behaviors, which were dichotomized [cloth on
mouth (frequency 0 or ⩾ 1), slapping (frequency 0 or ⩾ 1), shaking
baby (frequency 0 or ⩾ 1)]. These three behaviors were scored
as maternal physically aggressive behavior, if one out of three was
present (yes or no). Maternal smoking at home during infancy was
either present or absent (yes or no).

In addition, the following characteristics were included:
maternal pre-pregnancy BMI (kg/m2) and preexistent hypertension
(yes or no). Pregnancy-induced hypertension (yes or no) was
available by combining patient records and the Dutch Perinatal
Registration and classified in accordance with the guidelines of the
International Society for the Study of Hypertension in Pregnancy
(www.isshp.com). Paternal hypertension and family (maternal
or paternal) hypertension were derived from a questionnaire previ-
ously described elsewhere.20

Covariates at age 5 included the exact age of the child at the
5–6 years health check. Height and weight of the child were
measured from which BMI was calculated. Authoritarian parenting
style was measured by the 12-items subscale of the short version
of the Parenting Styles and Dimensions Questionnaire21 and
analyzed continuously. Maternal parenting stress was measured
by a 9-items subscale on attachment of the 123-items of the ‘Nij-
meegse Ouderlijke Stress Index’22 and analyzed continuously.
Maternal depressive symptoms at age 5 were measured conti-
nuously by the depression severity subscale of the Depression
Anxiety Stress Scales (DASS 21).23

Statistical analysis

Analyses were conducted using SPSS 19.0 (SPSS inc, Chicago, IL,
USA). Descriptive statistics were used to describe maternal and
child characteristics. Associations between these characteristics
and maternal verbally aggressive behavior were tested using
analysis of variance for continuous variables and χ2 tests for
categorical variables. The associations of maternal verbally
aggressive behavior and BP and HR were analyzed by means of
multivariable linear regression analysis. Potential confounders
were selected a priori and included in the regression model by
using a forced-entry method. In the first model, associations
were tested in a standardized model for sex, age and height of the
child. Subsequently, the potential confounders birth weight,
maternal pre-pregnancy BMI, pregnancy related hypertension,
family hypertension, child’s BMI at age 5, maternal postnatal
depressive symptoms, pleasure in infant care, and maternal
physically aggressive behavior were added to a second model. In
addition, in order to correct for possible stressful parenting
behavior at age 5–6, authoritarian parenting style, maternal
parenting stress and depressive symptoms at that age were
added to a third model. The significance level we used in the
study was 5%.

Results

Subjects characteristics

The characteristics of both mothers and children are presented
in Table 1. Of the 2553 included children, 246 (9.6%) had
been exposed to maternal verbally aggressive behavior in early
infancy. Compared with children without exposure to maternal
verbally aggressive behavior, exposed children more often had
been excessive crying babies, had mothers who reported more
postnatal depressive symptoms, lower levels of pleasure in
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infant care, and more often behaved physically aggressively to the
infant. At age 5–6, mothers who had been verbally aggressive
in infancy more often used an authoritarian parenting style,
reported more parenting stress and more depressive symptoms,
compared with mothers who had not been verbally aggressive
in infancy.

Association of verbal maternal aggressive behavior with HR
and BP at age 5–6

Maternal verbally aggressive behavior in infancy was associated
with a higher SBP both in supine and sitting position after
adjustment for sex, height and age (Model 1) (SBP supine

Table 1. Characteristics of 2553 women and their children according to maternal verbal aggressive behavior in early infancy

n= 2553 % or mean (SD)
No maternal verbal aggression
to infant [n= 2307 (90.4%)]

Maternal verbal aggression
to infant [n= 246 (9.6%)] P

Child characteristics

Gender: female (%) 1277 50.0 49.9 51.2 0.692

Birth weight (g) 2544 3540 (489) 3538 (486) 3555 (512) 0.594

Gestational age (weeks) 2553 39.7 (1.2) 39.7 (1.2) 39.8 (1.2) 0.550

Excessive crying (%) 73 2.9 2.5 6.1 0.001

Maternal characteristics

Pre-pregnancy BMI (kg/m2) 2553 22.8 (3.6) 22.9 (3.7) 22.6 (3.3) 0.254

Pre-pregnancy hypertension (%) 68 2.7 2.6 3.3 0.550

Pregnancy-related hypertension (%) 236 9.3 9.1 11.4 0.228

Primiparous (%) 1436 56.2 56.0 58.5 0.446

Maternal age (years) 2553 32.1 (4.4) 32.2 (4.4) 31.6 (4.4) 0.074

Cohabitancy: living with partner (%) 2317 90.9 90.9 91.8 0.578

Education, years after primary school 2541 10.0 (3.5) 10.0 (3.5) 10.3 (3.3) 0.308

Ethnic background 0.774

European (%) 2154 84.4 84.4 83.7

Non-European (%) 399 15.6 15.6 16.3

Maternal factors in infancy

Pleasure in infant care 2526 5.9 (1.5) 5.9 (1.4) 6.5 (1.7) <0.001

Depression (CES-D) (%) 334 13.1 12.2 22.1 <0.001

Smoking at home (%) 95 3.7 3.9 2.4 0.264

Physical aggression (%) 62 2.4 1.4 12.2 <0.001

Child characteristics at 5–6 years

Age of the child (years) 2542 5.15 (0.26) 5.15 (0.26) 5.15 (0.30) 0.862

Height (cm) 2553 116.6 (5.7) 116.5 (5.7) 116.9 (5.5) 0.313

BMI (kg/m2) 2553 15.5 (1.4) 15.4 (1.4) 15.6 (1.5) 0.244

Family hypertension

Paternal hypertension (%) 118 4.6 4.7 4.1 0.651

Family (M or P family) hypertension (%) 154 6.4 6.1 8.7 0.125

Maternal characteristics at the child’s age 5–6

Authoritarian Parenting Style 2416 5.1 (3.0) 5.1 (3.0) 5.5 (2.8) 0.021

Parenting stress (NOSI-K) 2388 11.7 (3.0) 11.6 (2.9) 12.4 (3.2) <0.001

Depressive symptoms 2412 1.0 (1.9) 1.0 (1.9) 1.4 (2.4) 0.001

M, maternal; P, paternal; CES-D, Centre for Epidemiologic Studies Depression Scale; NOSI-K, ‘Nijmeegse Ouderlijke Stress Index’ for children.
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B= 1.01mmHg; 95% CI [0.06; 1.95] and SPB sitting B= 1.29
mmHg; 95% CI [0.12; 2.46]). Adjustment for potential
confounding factors (Model 3) only slightly attenuated the asso-
ciations between maternal verbally aggressive behavior in infancy
and SBP in supine position at age 5–6 (B= 0.99mmHg; 95% CI
[0.06; 1.93], R 2= 0.16) and SPB sitting B= 1.11mmHg; 95% CI
[−0.06; 2.27], R 2= 0.14). Maternal verbally aggressive behavior
was not associated with DBP nor HR (Table 2).

Discussion

Our study showed that children exposed to maternal verbally
aggressive behavior during early infancy had higher SBP at the age
of 5–6, compared with those unexposed to maternal verbally
aggressive behavior in early infancy. These prospective findings are
in line with literature showing increased cardiovascular risk after early
life stress exposure and in particular retrospective studies showing
increased BP and hypertension after parental aggression.4,5,24 Adding
to this, we have now shown that infant’s exposure to maternal
verbally aggressive behavior is an early life stressor which might have
long-term consequences for cardiovascular health. The effects on SBP
were small at age 5–6, but as childhood BP has been shown to track
into adulthood,25,26 we can expect our reported increased SBP to
persist and possibly become more pronounced in later life.

In contrast to our hypothesis, and contrasting with literature
on physical abuse and DBP and HR in adults,5 we found no
associations between maternal verbally aggressive behavior and
DBP or HR at age 5–6. An association might start showing after
multiple early life stressors, comparable with the study of Pretty
et al.,7 in which four or more ACEs were positively associated
with resting HR or might only show in stressful circumstances.

Strengths and limitations

Strengths of this study were the large, population-based,
multiethnic birth cohort with prospective design, extensive data
collection from early infancy onwards and BP measurements

according to a standardized protocol. Importantly, we were able to
control for a large number of potentially confounding factors, for
example maternal physical aggression and maternal postnatal
depressive symptoms, authoritarian parenting style at age 5–6
and factors known to be related to BP, such as birth weight,
pre-pregnancy BMI, family hypertension, and BMI child. The
response rate of the study (initial participation, phase I) was 67%.
In an era where response rates to large epidemiological studies are
decreasing,27 our response rate can be considered adequate. However,
selective loss to follow-up was present as in most cohort
studies. Our responders were slightly healthier compared with the
total study population, but our responders did not differ in the
prevalence of maternal verbally aggressive behavior in infancy,
compared with our non-responders at age 5–6 (9.6% v. 9.3%,
P=0.335). We specifically excluded previously known physiological
variables of influence on BP such as congenital disorders and
preterm birth.28 BP was assessed by an automatic oscillometric device
which may have eliminated potential inter-observer differences.

Maternal verbally aggressive behavior was considered
present if angry speaking had been present more than once,
at the infant’s age of 3 months, according to maternal self-report.
It may be difficult to ask mothers to self-report their verbally
aggressive behavior to their infant. Possible social desirability in
answering this question could lead to underestimation of the true
frequency of maternal verbally aggressive behavior. However, it is
the only way to measure this, as it is impossible to ask the infant
itself, and continuous observation of the mother–infant dyad is
not feasible. Also, the definition of maternal verbally aggressive
behavior seems quite narrow, but, at the same time, encloses all
from only twice to frequent exposure to maternal verbally
aggressive behavior in the first 3 months. The associations in our
study might differ between children having experienced maternal
verbally aggressive behavior only twice and children having
experienced this behavior frequently during the first 3 months of
life, or even ongoing until the age of 5–6. The distinction between
temporary and persistent maternal verbally aggressive behavior to
the infant, thus creating chronic stress, could not be made based on

Table 2. Heart rate and blood pressure at age 5–6 years according to maternal verbal aggressive behavior in early infancy

Maternal verbal aggressive
behavior in infancy: No

Maternal verbal aggressive
behavior in infancy: Yes Difference Model 1 Model 2 Model 3

n Mean (SD) n Mean (SD) (95% CI)
Adjusted difference

(95% CI)
Adjusted difference

(95% CI)
Adjusted difference

(95% CI)

SBP (mmHg)

Supine 2307 99.1 ± 7.1 246 100.2 ± 7.6 1.04 (0.10; 1.98) 1.01 (0.06; 1.95) 1.03 (0.10; 1.96) 0.99 (0.06; 1.93)

Sitting 2263 97.5 ± 8.6 243 98.7 ± 8.8 1.21 (0.07; 2.35) 1.29 (0.12; 2.46) 1.13 (−0.03; 2.30) 1.11 (−0.06; 2.27)

DBP (mmHg)

Supine 2299 57.0 ± 5.7 245 57.6 ± 5.9 0.63 (−0.12; 1.39) 0.35 (−0.42; 1.12) 0.34 (−0.43; 1.12) 0.31 (−0.46; 1.09)

Sitting 2268 58.0 ± 8.0 243 58.4 ± 7.9 0.41 (−0.64; 1.47) 0.15 (−0.96; 1.26) −0.09 (−1.22; 1.03) −0.16 (−1.29; 0.97)

HR (bpm)

Supine 2080 85.5 ± 9.7 230 84.9 ± 10.1 −0.55 (−1.89; 0.78) −0.83 (−2.17; 0.52) −0.96 (−2.34; 0.42) −1.00 (−2.38; 0.38)

Sitting 2041 90.8 ± 10.2 223 90.1 ± 10.4 −0.75 (−2.17; 0.66) −1.09 (−2.50; 0.39) −0.90 (−2.38; 0.59) −0.92 (−2.40; 0.57)

SBP, systolic blood pressure; DBP, diastolic blood pressure; Model 1: adjusted for sex, height and age of the child; Model 2: additionally adjusted for birth weight, pregnancy related
hypertension, family hypertension, maternal BMI, child’s BMI, maternal depression in infancy, pleasure in infant care, maternal physical aggression; Model 3: additionally adjusted for
authoritarian parenting style, maternal depressive symptoms and parenting stress (NOSI-K) at the child’s age of 5–6.
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our data. Due to small numbers we were not able to investigate
a possible dose–response relationship.

Another limitation included the inability to assess the
contribution of possible paternal aggressive behavior. However,
even in the absence of additional data on abuse and neglect in
early childhood, maternal verbally aggressive behavior in early
infancy was associated with an increased SBP. We suspect that, in
line with studies in adults,6 the experience of simultaneous other
adverse events will probably increase this association.

Potential underlying mechanisms

Our results suggest that presence of maternal verbal aggression is
an experience of unpredictable intense or chronic stress to the very
young infant. Exposure to frequent interactions with a frightening
parent motivates infants’ defense system to flee, while the parent
embodies the solution for infants’ needs.29,30 This exposure could
be a relational trauma influencing the stress-coping system.31

Possible pathophysiological mechanisms explaining the positive
association between maternal verbally aggressive behavior to the
infant and SBP at age 5–6, could be programming effects of the
hypothalamic–pituitary–adrenal axis (HPA axis)32–34 and the
sympathetic nervous system (ANS). The experience of maternal
verbally aggressive behavior could potentially lead to increased
levels of stress in the infant with consequent programming altera-
tions in the HPA axis, such as elevated cortisol levels and altered
glucocorticoid feedback sensitivity, which, after frequent exposure,
ultimately impacts BP regulation. Indeed, cortisol concentrations
have been positively associated with BP in children cross-
sectionally.35,36 Likewise, alterations of the sympathetic nervous
system, such as resetting of the baroreflex function or possibly
oxidative stress2,37 may mediate the effect of early life stress on
dysregulation of BP. Programming effects of cerebral function have
been reported recently. Emotional abuse in early life, as reported in
retrospect by adults, has been shown to reduce resting state func-
tional connectivity (rs-FC) between the amygdala and the pregenual
anterior cingulate cortex in later life,38 affecting connectivity in
brain areas related to stress responsiveness. Furthermore, stress
conditions have been shown to be associated with upregulated
amygdalar activity39,40 and resting amygdalar activity has been
shown to be predictive of cardiovascular disease events.41 A final
explanation may be a genetic profiling by maternal hypertension.
Importantly, in our study maternal pre-pregnancy hypertension was
not associated with maternal verbally aggressive behavior, hereby
eliminating the possibility of adding profiling risk in the child.

Conclusion

Exposure to maternal verbally aggressive behavior in early infancy
was associated with a higher SBP at age 5–6 compared with
unexposed children. Maternal verbally aggressive behavior may be
an important early life stressor with negative impact on cardio-
vascular health later in life, which should be further investigated.
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