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The association of maternal prenatal
psychosocial stress with vascular function
in the child at age 10–11 years: findings
from the Avon longitudinal study of
parents and children
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Debbie A Lawlor3

Abstract

Objective: To investigate whether (1) maternal psychosocial stress (depression/anxiety) during pregnancy is associated

with offspring vascular function and (2) whether any association differs depending on the gestational timing of exposure

to stress. We also investigated whether any association is likely to be due to intrauterine mechanisms by (3) comparing

with the association of paternal stress with offspring vascular function and (4) examining whether any prenatal associ-

ation is explained by maternal postnatal stress.

Methods and results: Associations were examined in a UK birth cohort, with offspring outcomes (systolic and

diastolic blood pressure, SBP and DBP, endothelial function assessed by brachial artery flow-mediated dilatation

(FMD); arterial stiffness assessed by carotid to radial pulse wave velocity (PWV), brachial artery distensibility (DC),

and brachial artery diameter (BD) assessed at age 10–11 years (n¼ 4318). Maternal depressive symptoms and anxiety

were assessed at 18 and 32 weeks gestation and 8 months postnatally. Paternal symptoms were assessed at week 19.

With the exception of DBP and BD, there were no associations of maternal depressive symptoms with any of the

vascular outcomes. Maternal depressive and anxiety symptoms were associated with lower offspring DBP and wider BD,

though the latter attenuated to the null with adjustment for confounding factors. Paternal symptoms were not associated

with offspring outcomes. Maternal postnatal depressive symptoms were associated with lower offspring SBP.

Conclusions: We found no evidence to support the hypothesis that maternal stress during pregnancy adversely affects

offspring vascular function at age 10–12 years via intrauterine mechanisms.
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Introduction

Maternal stress or the administration of glucocorticoids
(‘stress hormones’) have been linked to altered fetal
growth and might have permanent effects on the
tissue structure and function of the offspring.1 For
example, the hypothalamic–pituitary–adrenal axis,
which is a key part of the neuroendocrine stress
response, and the renin–angiotensin system may be
affected by intrauterine exposure to maternal stress,
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and this exposure may lead to adult risk of cardiovas-
cular disease.2–17

Convincing evidence for the effects of fetal program-
ming on cardiovascular risk factors comes from animal
studies, in which prenatal exposure to excess gluco-
corticoids results in persistent elevation of arterial
blood pressure (BP) in adulthood, with potential sex
differences (for review, see Drake et al.18). There is
also some evidence from human studies. For example,
antenatal glucocorticoid administration is linked with
high BP in the fetus19 and in adolescence.20 Those stu-
dies have, however, been complicated by high doses of
glucocorticoids, which are not comparable to levels
normally occurring during pregnancy. In addition,
glucocorticoid treatment usually takes place when
pre-term birth is expected, adding bias because of the
complications of premature birth. Few pregnant
women will be treated with glucocorticoids, but the
results of these studies have been used to suggest that
common mental complaints (depression and anxiety)
associated with stress, if experienced by the mother
during pregnancy might increase her offspring’s risk
of cardiovascular disease. If this is true it would have
important public health implications, but to our know-
ledge few studies have examined this.

In a previous study in a Dutch population-based
birth cohort (ABCD study), the presence of multiple
psychosocial stressors during early pregnancy was asso-
ciated with higher BP in the offspring at age five.21

However, we are unaware of any other human studies
of this association and this needs further replication
and additional exploration to see if any association is
likely to reflect a causal intrauterine mechanism.

The aim of this study was to examine whether (1)
maternal psychosocial stress (depression/anxiety)
during pregnancy is associated with offspring vascular
function (assessed by systolic blood pressure (SBP),
diastolic blood pressure (DBP), endothelial function
assessed by brachial artery flow-mediated dilatation
(FMD), arterial stiffness assessed by carotid to radial
pulse wave velocity (PWV), brachial distensibility coef-
ficient (DC), and brachial artery diameter) and (2)
whether any association differs depending on the gesta-
tional timing of exposure to stress. We further exam-
ined whether there is evidence that any association of
maternal stress with offspring vascular function is likely
to be due to intrauterine mechanisms by comparing the
associations of maternal stress with offspring outcomes
to those of paternal antenatal stress with the same out-
comes and by examining whether any maternal pre-
natal association was explained by the persistence of
symptoms into the postnatal period and exposure post-
natally (rather than intrauterine driving associations).
The paternal comparison is an important form of nega-
tive control for exploring a causal association in

observational epidemiology.22,23 The rationale is that
if maternal stress is truly causing offspring outcomes
via intrauterine mechanisms (as opposed to family
based confounding) then one would expect a stronger
maternal association, compared to paternal associ-
ation. Examining whether any maternal pregnancy
stress association with offspring outcomes is largely
mediated by postnatal stress is also important as if
the effect is largely due to postnatal impact then any
intervention to prevent adverse offspring outcomes
would want to focus on minimizing postnatal stress.

Methods

Study population

Data from the Avon Longitudinal Study of Parents and
Children (ALSPAC), a prospective population-based
birth cohort that recruited 14,541 pregnant women resi-
dent in Avon, UK with expected dates of delivery 1
April 1991 to 31 December 1992 were used.
Additional details of the study can be found on the
study website (www.alspac.bris.ac.uk) and in previous
publications.24–26 Figure 1 shows the flow of partici-
pants through the study. In this study, we included
mother–offspring pairs where there was a singleton
pregnancy resulting in a live birth with the child surviv-
ing to at least 1 year of age. The eligible cohort for the
current analyses was the 4318 mother–offspring pairs
who had complete data on maternal depressive symp-
toms and anxiety at both gestational time points, off-
spring blood pressure (obtained at the 10–11-year
follow-up clinic), and complete data on all covariates.

Parental assessment of psychosocial stress

Data on depressive symptoms and anxiety were col-
lected through postal questionnaires, which the
mothers in the current sample filled out at a median
gestational age of 18 weeks (mean 19; interquartile
range 18–20) and median 32 weeks (mean 32; interquar-
tile range 32–33) antenatally and median 8 months
postnatally (mean 8.6; interquartile range 8.1–9.1).
Fathers completed one questionnaire at a median 19
weeks of their partners’ pregnancy (mean 20; interquar-
tile range 19–21). Maternal and paternal depressive
symptoms at all time points were assessed using the
Edinburgh Postnatal Depression Scale (EPDS), a
widely used 10-item self-report questionnaire that has
been shown to be valid in and outside the postnatal
period.27 A pilot study of a random sample of 54 preg-
nant women attending a routine check-up indicated
substantial overlap between the EPDS and the Center
for Epidemiological Studies Depression Scale
(r2¼ 0.87, p< 0.001). Internal consistency (Cronbach’s
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alpha) of the EPDS exceeded 0.80 at each of the
assessments.28

Maternal and paternal anxiety at all time points was
measured using the anxiety items from the Crown–
Crisp experiential index (CCEI), a validated self-
rating inventory (for example, see Crisp et al.29); exam-
ple items include ‘worry a lot’ and ‘feeling strung up
inside’). In a pilot study of a random sample of 54
pregnant women attending a routine check-up,
Crown–Crisp index correlated 0.70 and 0.76 with the
State and Trait (respectively) subscales of the
Spielberger State-trait Anxiety Inventory. Internal con-
sistency (Cronbach’s alpha) exceeded 0.80 at each of
the assessments.28

To compare prenatal and postnatal maternal stress
we categorized all EPDS and CCEI scores into ‘high

levels of anxiety/depressive symptoms’ (yes versus no)
by dichotomizing at the 80th percentile (those classified
as having ‘high levels’ included those with values at or
higher than the 80th percentile; those classified as
‘normal’ included those with values lower than the
80th percentile). We then further categorized partici-
pants into those with normal levels at all time points;
prenatal high levels only; postnatal high levels only, or
pre- and postnatal high levels.

Vascular function in the child

Vascular phenotypes were assessed at the 10–11-year
follow-up assessment and detailed descriptions of the
measurements have been previously reported.30,31

Blood pressure was measured with the automatic

14,541 pregnant women
recruited

14,273 singleton
pregnancies

13,617 live born offspring
who survived to at least

age 1 year

5619 completed vascular
assessment at age 10-11

595 pregnancy loss
61 died in first year

69 lost to follow-up
199 multiple pregnancy

1301 missing
covariable data

11,433 invited to
assessment at age 10-11;

6919 attended

N=4318
included in main analyses

with blood pressure

N=3421
prenatal & postnatal

depressive symptoms

N=3589
paternal

depressive symptoms

N=3576
paternal anxiety

N=3375
prenatal & postnatal

anxiety

Figure 1. Participant flow.

Data in the yellow boxes are for mother(father)–child pairs with complete data.
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oscillometric method. For PWV, pressure pulse wave-
forms were recorded transcutaneously using a high-
fidelity micromanometer (SPC-301; Millar
Instruments, Houston, TX, USA) from the radial and
carotid pulse, synchronous with the ECG signal.
Integral software processed the data to calculate the
mean time difference between R-wave and pressure
wave on a beat-to-beat basis over 10 s, and the PWV
was then calculated using the mean time difference and
arterial path length between the two recording points
(SphygmoCorversion 7.1; Scanmed, UK). Ultrasound
images of the right brachial artery were used to measure
FMD and DC. Images were recorded onto SVHS video
using an ALOKA 5500 high-resolution ultrasound
system with a 5–10MHz linear array probe (Keymed,
UK) and the measurements were undertaken later from
the videos at the Vascular Physiology Unit, Institute of
Child Health, London. The right brachial artery was
imaged 5–10 cm above the antecubital fossa. FMD
was induced by a 5-min inflation of a pneumatic cuff,
placed around the forearm immediately below the
medial epicondyle, to 200mmHg followed by rapid
deflation using an automatic air regulator. The diam-
eter of the brachial artery was measured using edge
detection software (Brachial Tools, MIA, IA, USA)
from ECG-triggered ultrasound images captured at
3 s intervals throughout the 11-min recording protocol.
FMD was expressed as an absolute value in our ana-
lyses.31 The distension of the artery was determined by
measuring the luminal diameter excursion from diastole
to systole. Distensibility coefficient was calculated from
the distension and the pulse pressure and was expressed
as mean per cent change in cross-sectional area per unit
change in blood pressure.

Covariates

Maternal age, gestational age, birthweight, and off-
spring sex were obtained from obstetric records. Self-
reported weight and height at the time of recruitment
were used to calculate maternal pre-pregnancy body
mass index (BMI; Pearson’s correlation with measured
weight at first antenatal clinic r2¼ 0.95, p< 0.0001).
Parity was obtained from a maternal completed ques-
tionnaire at 18 weeks gestation and for these analyses
we dichotomized this (any previous pregnancies yes/
no). Based on questionnaire responses, the highest par-
ental occupation was used to allocate the children to
head of household occupational social class groups
(classes I (professional/managerial) to V (unskilled
manual workers), using the 1991 British Office of
Population and Census Statistics classification).
Ethnicity was based on the mothers’ self-report
(White; Black Caribbean; Black African; Other Black;
Indian; Pakistani; Bangladeshi; Chinese; Other).

Mothers were repeatedly asked about their smoking
throughout pregnancy and these data were used to gen-
erate a categorical variable (never smoked; smoked
before pregnancy or in the first trimester and then
stopped; smoked throughout pregnancy). A categorical
variable on alcohol consumption was defined based on
a question in the questionnaire at gestational week 18
(no drinking; less than 1 glass per week; more than 1
glass per week; more than 1 glass per day).

Age of the child at the time of vascular function
assessment was recorded in months as they arrived at
the assessment clinics. Weight was measured to the
nearest 0.1 kg using Tanita scales. Height was measured
to the nearest 0.1 cm using a Harpenden stadiometer.

Statistics

Associations between the stress measures (at all time
points) and offspring vascular outcome measures were
explored using multivariable linear regression with the
statistical package SPSS version 18.0 (SPSS, Chicago,
USA). In model 1 we adjusted for sex, height, and age
of the child at the time of vascular assessment. In model
2 we additionally adjusted for maternal confounders
(age, ethnicity, pre-pregnancy BMI, nulliparity, social
class, smoking, and alcohol consumption). In model 3
we adjusted for potential mediation of any association
by gestational age at birth and birthweight, and in
model 4 for potential mediation by BMI of the child
at the time of vascular assessment. We explored
whether there were any differences in associations by
sex of the child by testing for an interaction between sex
and the exposure (depressive symptoms or anxiety) in
model 2, using the Wald test. The equality of betas of a
psychosocial measure at two gestational time points, or
between mothers and fathers, was tested using the
Wald-statistic. Associations are also checked for linear-
ity using restricted cubic splines within ordinary least
squares linear regression analysis (OLS) in R (R
Foundation for Statistical Computing).

Results

Table 1 shows the characteristics of the mothers and
children included in this study. Table 2 shows the cor-
relations between the maternal depressive symptoms
and anxiety scores at all three time points and the
fathers’ equivalent measurements. There were strong
correlations between depressive symptoms and anxiety
at each time point in the mothers, and also in the
fathers. Over time, in the mothers, these measurements
correlated strongly with each other. There were weak
to modest correlations between maternal depressive
symptoms and anxiety and paternal equivalent
outcomes.
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Table 1. Participant characteristics

Study population (n¼ 4318)

Maternal

Age at delivery (years) 29.3� 4.4 (26.3–32.3)

White ethnicity (yes) 98.7

Pre-pregnancy body mass index (kg/m2) 22.8� 3.6 (21.0–24.7)

Obesity (body mass index �30 kg/m2) (yes) 4.5

Social class

I (professional/managerial) 7.1

II 35.9

III (non-manual) 41.7

III (manual) 6.3

IV 7.6

V (unskilled manual workers) 1.4

Primiparous (yes) 49.4

Smoking

Non-smoking 77.3

Stopped before pregnancy or in first trimester 11.1

Smoked during pregnancy 11.6

Alcohol

None 43.7

<1 glass/week 41.0

>1 glass/week 13.7

>1 glass/day 1.5

Pregnancy-related hypertension (yes) 15.5

Maternal stress

Anxiety at gestational week 18 as a continuous score 5� 3 (3–7)

Anxiety at gestational week 32 as a continuous score 5� 3 (2–7)

Depressive symptoms at gestational week 18 as a continuous score 6� 5 (3–9)

Depressive symptoms at gestational week 32 as a continuous score 6� 5 (3–10)

Pre- and postnatal anxiety categories (n¼ 3375)a

Low anxiety at all time points 59.9

Prenatal anxiety only 19.8

Postnatal anxiety only 5.8

High anxiety at all time points 14.5

Pre- and postnatal depressive symptom categories (n¼ 3421)a

Low depressive symptoms at all time points 61.6

Prenatal depressive symptoms only 15.0

Postnatal depressive symptoms only 8.7

High depressive symptoms at all time points 14.6

Child at birth

Born through caesarean section (yes) 9.6

Sex (boys) 49.4

Gestational age (weeks) 39.6� 1.6 (38.6–40.6)

Premature (<37 weeks) (yes) 3.7

Birthweight (g) 3456� 494 (1366–5546)

(continued)
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There was no strong statistical evidence of inter-
action by sex and therefore all multivariable association
results are presented with both females and males com-
bined. Furthermore, there was no evidence for non-
linear associations: we therefore present results examin-
ing linear associations.

At both gestational ages, there was no strong evi-
dence that maternal depressive symptoms or anxiety
were associated with adverse cardiovascular function
in any of the multivariable models (Table 3).
Maternal depressive symptoms in pregnancy at both
time points were associated with larger brachial artery

Table 1. Continued

Study population (n¼ 4318)

Child at age 10 assessment

Age (years) 10.7� 0.2 (10.5–10.8)

Height (cm) 144� 7 (140–149)

Body mass index (kg/m2) 18.1� 3.0 (16.3–20.0)

Systolic blood pressure (mmHg) 104� 9 (98–109)

Diastolic blood pressure (mmHg) 60� 8 (54–65)

Flow-mediated dilatation (mm) (n¼ 3830) 0.21� 0.08 (0.15–0.27)

Pulse wave velocity (m/s) (n¼ 4286) 7.55� 1.22 (6.75–8.35)

Distensibility coefficient (% per mmHg) (n¼ 3943) 12.5� 6.1 (9.0–16.0)

Brachial artery diameter (mm) (n¼ 3830) 2.67� 0.30 (2.47–2.86)

Values are mean� SD (IQR) or %; aLow anxiety/depressive symptoms both pre- and postnatally: all scores for the

respective exposure (anxiety or depressive symptoms) lower than the 80th percentile. Prenatal anxiety/depressive

symptoms: one or both of the prenatal scores at or higher than the 80th percentile, but the postnatal score lower

than the 80th percentile. Postnatal anxiety/depressive symptoms: both prenatal scores lower than the 80th percentile and

the postnatal score at or higher than the 80th percentile. High anxiety/depressive symptoms: all scores at or higher than

the 80th percentile. 80th percentile scores: Anxiety: 7 at gestational week 18; 7 at gestational week 32; 6 at baby age 8

months. Depressive symptoms: 10; 11; 8 respectively.

Table 2. Correlation coefficients between maternal depressive symptoms and anxiety at gestational weeks 18 and 32, and at 8

months postnatally, and paternal depressive symptoms and anxiety at partner’s gestational week 19

18 weeks 32 weeks Postnatal Paternal

EPDS CCEI EPDS CCEI EPDS CCEI EPDS CCEI

EPDS depressive symptoms at week 18 1

n¼ 4318

CCEI anxiety at week 18 0.74 1

n¼ 4318 n¼ 4318

EPDS depressive symptoms at week 32 0.64 0.57 1

n¼ 4318 n¼ 4318 n¼ 4318

CCEI anxiety at week 32 0.60 0.67 0.76 1

n¼ 4318 n¼ 4318 n¼ 4318 n¼ 4318

EPDS depressive symptoms 8 months postnatal 0.50 0.46 0.54 0.50 1

n¼ 4173 n¼ 4173 n¼ 4173 n¼ 4173 n¼ 4173

CCEI anxiety 8 months postnatal 0.47 0.53 0.49 0.56 0.76 1

n¼ 4181 n¼ 4181 n¼ 4181 n¼ 4181 n¼ 4142 n¼ 4181

Paternal EPDS depressive symptoms 0.24 0.19 0.20 0.18 0.17 0.16 1

n¼ 3589 n¼ 3589 n¼ 3589 n¼ 3589 n¼ 3475 n¼ 3484 n¼ 3589

Paternal CCEI anxiety 0.15 0.14 0.13 0.11 0.12 0.12 0.68 1

n¼ 3576 n¼ 3576 n¼ 3576 n¼ 3576 n¼ 3463 n¼ 3473 n¼ 3545 n¼ 3576

All p-values are <0.001; CCEI, Crown–Crisp experiential index; EPDS, Edinburgh Postnatal Depression Scale.
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diameter in the confounder-adjusted model (model 2),
but with some evidence that these associations might be
mediated by birthweight/gestational age and offspring
adiposity at the time of assessment of vascular function
(models 3 and 4). Depressive symptoms at 18 weeks
gestation were also associated with lower diastolic
blood pressure. Maternal anxiety at 18 weeks gestation
was also associated with brachial artery diameter
(model 2), again with some evidence of mediation by
birthweight/gestational age and offspring adiposity.

Table 4 compares the multivariable associations of
maternal depressive symptoms with offspring vascular
outcomes to the equivalent associations of paternal
symptoms. Paternal depressive symptoms or anxiety
were not associated with any of the vascular outcomes
in any models. For almost all associations, there was
statistical evidence that the paternal–offspring associ-
ations were consistent with the maternal–offspring
associations. There was some statistical evidence that
the inverse association of maternal stress with offspring
DBP was different to the paternal null association
(Wald-statistic p¼ 0.04).

Table 5 shows the multivariable associations of post-
natal maternal depressive symptoms and anxiety with
offspring vascular function. Consistent with the find-
ings of a lack of associations at each time point with
offspring outcomes and of the strong correlations
between symptoms at each time point, maternal post-
natal symptoms were not strongly associated with over-
all adverse offspring vascular outcomes. There was
some evidence that offspring of mothers with postnatal
depressive symptoms or anxiety had a lower SBP and
DBP. These associations were not explained by gesta-
tional duration, birthweight, or offspring age at vascu-
lar assessment.

Discussion

We have found no convincing evidence that prenatal
psychosocial stress, in the form of maternal depressive
symptoms or anxiety, causes adverse levels of offspring
blood pressure, endothelial function, arterial stiffness,
brachial artery distensibility, or brachial diameter
assessed at age 10–11 years via intrauterine mechan-
isms. Indeed for most outcomes, there was no associ-
ation. Furthermore, the point estimates for the
maternal–offspring association were very similar to
those for the paternal–offspring associations, providing
further evidence against the hypothesis that exposure to
maternal stress in utero causes adverse developmental
effects on vascular structure/function. Maternal depres-
sive symptoms and anxiety in the postnatal period were
associated with lower blood pressure in the offspring
(i.e. in the opposite direction to what might be
expected), though the magnitudes of association were

small. As postnatal stress was not the prime focus of
this paper, this could be a chance finding and requires
further replication and detailed assessment to ascertain
whether this is robust.

Our main findings seem to be in line with the only
previous study of a somewhat similar association in a
general population cohort that we are aware of, in
which we did not find an association between prenatal
maternal depressive symptoms and anxiety with off-
spring blood pressure in Dutch children at age 5–7.21

However, that previous study did report an association
between the accumulation of multiple prenatal mater-
nal stressors and higher offspring systolic and diastolic
blood pressure. In the current study, we do not have a
measure of the accumulation of multiple psychosocial
stressors available. It is possible that the accumulation
of different stressors can exert a programming effect on
the offspring, which is not identified in a study such as
this that assesses just two sources of stress (depression/
anxiety) that are highly related to each other. Maternal
cortisol early in pregnancy appears to be associated
with both increased vascular resistance and lower arter-
ial elasticity in children aged 5–7.32,33 Possibly, the
stressors in the current study are not causing sufficient
rises in maternal cortisol concentrations to exert effects
on offspring arterial parameters. Of note the evidence
for a direct association between psychosocial stress and
cortisol, and thus the role of cortisol in fetal program-
ming via psychosocial stress, has been a main point of
discussion in a recent review by Glover et al.6

Nonetheless our results are important as they strongly
suggest that levels of maternal stress in pregnancy that
are experienced by a relatively large proportion of preg-
nant women are unlikely to adversely affect their off-
spring’s vascular health.

It is possible that there are specific sensitive periods
in which maternal stress has an effect on future cardio-
vascular function.34 However, the clear lack of associ-
ations at either 18 weeks or 32 weeks and the
correlation between symptoms across these two time
points and with the postnatal measurement (suggesting
women would be ranked similarly throughout preg-
nancy) argues against this as an explanation for our
null results.

The associations of maternal symptoms with wider
brachial diameter and lower diastolic blood pressure
were in the opposite direction to what we hypothesized
and require further replication before one could con-
sider these are not due to chance.

The large sample size is a strength of the current
study, but as in most cohort studies, selective loss to
follow up was present. Those who have remained in the
cohort tend to be of higher socioeconomic position24,25

and we have shown that those who were included in the
analyses here had lower parental depressive and anxiety

1104 European Journal of Preventive Cardiology 21(9)
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scores than those who were excluded because of missing
outcome or covariable data (see supplementary table,
available online). If the association of parental symp-
toms with offspring outcomes was strong and inverse in
those lost to follow up, then we may have biased null
findings due to selection bias, but in separate studies
exploring selection bias due to loss to follow up/missing
data any bias tends to be small35,36 and we doubt this
would be sufficient to produce important associations
here.

Whilst the parental symptoms that we have assessed
here use validated tools, they are not the same as clin-
ical diagnoses and we cannot make any conclusions
about the effects of more severe clinical depression or
anxiety in terms of its association with offspring vascu-
lar function.

In conclusion, our findings suggest that maternal
prenatal psychosocial stress does not cause adverse off-
spring vascular function in 10–11 year old children via
intrauterine mechanisms. These results do not exclude
the possibility that severe prenatal clinical depression or
anxiety cause adverse offspring vascular function via
intrauterine mechanisms, but to date we are not
aware of any study that has explored that possibility
in humans.

Acknowledgements

We are grateful to all the families who took part in this study,
the midwives for their help in recruiting them, and the whole

ALSPAC team, which includes interviewers, computer and
laboratory technicians, clerical workers, research scientists,
volunteers, managers, receptionists and nurses.

Funding

The Wellcome Trust, UK Medical Research Council and the
University of Bristol provide core-funding support for
ALSPAC; Vascular measures were funded by a British

Heart Foundation programme grant (RG/20011002). AEvD
was supported by the Dutch Heart Foundation (DHF-
2007B103). DAL works in a centre that receives core funds

from the University of Bristol and the UK Medical Research
Council (RD1634). These parties played no part in the collec-
tion, analysis, interpretation or reporting of the data, nor did

they play a part in the decision to submit this manuscript for
publication.

Conflict of interest

The authors declare that there is no conflict of interest.

References

1. Roberts D and Dalziel S. Antenatal corticosteroids for

accelerating fetal lung maturation for women at risk of

preterm birth. Cochrane Database Syst Rev 2006; (3):

CD004454.T
a
b

le
5
.

M
u
lt
iv

ar
ia

b
le

as
so

ci
at

io
n
s

o
f

m
at

e
rn

al
p
o
st

n
at

al
d
e
p
re

ss
iv

e
sy

m
p
to

m
s

(n
¼

3
4
2
1
)

an
d

an
x
ie

ty
(n
¼

3
3
7
5
)

w
it
h

o
ff
sp

ri
n
g

va
sc

u
la

r
p
h
e
n
o
ty

p
e
s

at
m

e
an

ag
e

1
0
.7

ye
ar

s

Sy
st

o
lic

b
lo

o
d

p
re

ss
u
re

D
ia

st
o
lic

b
lo

o
d

p
re

ss
u
re

Fl
o
w

-m
e
d
ia

te
d

d
ila

ta
ti
o
n

P
u
ls

e
w

av
e

ve
lo

ci
ty

D
is

te
n
si

b
ili

ty
co

e
ff
ic

ie
n
t

B
ra

ch
ia

l
ar

te
ry

d
ia

m
e
te

r

b

9
5
%

C
I

b

9
5
%

C
I

b

9
5
%

C
I

b

9
5
%

C
I

b

9
5
%

C
I

b

9
5
%

C
I

L
o
w

e
r

U
p
p
e
r

L
o
w

e
r

U
p
p
e
r

L
o
w

e
r

U
p
p
e
r

L
o
w

e
r

U
p
p
e
r

L
o
w

e
r

U
p
p
e
r

L
o
w

e
r

U
p
p
e
r

D
e
p
re

ss
iv

e
sy

m
p
to

m
s

M
o
d
e
l
1

�
0
.0

7
2
*
�

0
.1

3
4
�

0
.0

1
1
�

0
.0

8
0
*
�

0
.1

3
5
�

0
.0

2
5

0
.0

0
0

0
.0

0
0

0
.0

0
1

�
0
.0

0
2
�

0
.0

1
0

0
.0

0
7
�

0
.0

0
6
�

0
.0

5
1

0
.0

3
8

0
.0

0
2

0
.0

0
0

0
.0

0
4

M
o
d
e
l
2

�
0
.0

7
0
*
�

0
.1

3
2
�

0
.0

0
8
�

0
.0

8
0
*
�

0
.1

3
5
�

0
.0

2
5

0
.0

0
0

0
.0

0
0

0
.0

0
1

�
0
.0

0
3
�

0
.0

1
1

0
.0

0
6
�

0
.0

1
0
�

0
.0

5
5

0
.0

3
5

0
.0

0
1
�

0
.0

0
1

0
.0

0
3

M
o
d
e
l
3

�
0
.0

7
1
*
�

0
.1

3
3
�

0
.0

0
9
�

0
.0

8
0
*
�

0
.1

3
5
�

0
.0

2
5

0
.0

0
0

0
.0

0
0

0
.0

0
1

�
0
.0

0
3
�

0
.0

1
1

0
.0

0
6
�

0
.0

1
0
�

0
.0

5
5

0
.0

3
4

0
.0

0
1
�

0
.0

0
1

0
.0

0
3

M
o
d
e
l
4

�
0
.0

8
0
*
�

0
.1

4
1
�

0
.0

1
8
�

0
.0

8
6
*
�

0
.1

4
1
�

0
.0

3
1

0
.0

0
0

0
.0

0
0

0
.0

0
1

�
0
.0

0
1
�

0
.0

1
0

0
.0

0
7
�

0
.0

1
1
�

0
.0

5
6

0
.0

3
4

0
.0

0
1
�

0
.0

0
1

0
.0

0
2

A
n
x
ie

ty

M
o
d
e
l
1

�
0
.0

9
6
*
�

0
.1

8
1
�

0
.0

1
1
�

0
.1

1
4
*
�

0
.1

9
1
�

0
.0

3
8

0
.0

0
1
�

0
.0

0
1

0
.0

0
1

�
0
.0

0
4
�

0
.0

1
6

0
.0

0
7
�

0
.0

0
1
�

0
.0

6
3

0
.0

6
0

0
.0

0
2
�

0
.0

0
1

0
.0

0
5

M
o
d
e
l
2

�
0
.0

8
4
�

0
.1

7
0

0
.0

0
2

�
0
.1

0
9
*
�

0
.1

8
6
�

0
.0

3
2

0
.0

0
0
�

0
.0

0
1

0
.0

0
1

�
0
.0

0
6
�

0
.0

1
8

0
.0

0
6
�

0
.0

0
7
�

0
.0

7
0

0
.0

5
5

0
.0

0
2
�

0
.0

0
1

0
.0

0
5

M
o
d
e
l
3

�
0
.0

8
6
�

0
.1

7
1

0
.0

0
0

�
0
.1

0
9
*
�

0
.1

8
6
�

0
.0

3
3

0
.0

0
0
�

0
.0

0
1

0
.0

0
1

�
0
.0

0
6
�

0
.0

1
8

0
.0

0
6
�

0
.0

0
7
�

0
.0

7
0

0
.0

5
5

0
.0

0
2
�

0
.0

0
1

0
.0

0
5

M
o
d
e
l
4

�
0
.0

9
4
*
�

0
.1

7
9
�

0
.0

0
9
�

0
.1

1
5
�

0
.1

9
1
�

0
.0

3
8

0
.0

0
0
�

0
.0

0
1

0
.0

0
1

�
0
.0

0
5
�

0
.0

1
6

0
.0

0
7
�

0
.0

0
8
�

0
.0

7
0

0
.0

5
5

0
.0

0
1
�

0
.0

0
2

0
.0

0
4

M
o
d
e
l
1
:
A

d
ju

st
e
d

fo
r

o
ff
sp

ri
n
g

se
x
,
h
e
ig

h
t,

an
d

ag
e

at
ti
m

e
o
f
o
u
tc

o
m

e
m

e
as

u
re

m
e
n
t;

M
o
d
e
l
2
:
M

at
e
rn

al
co

n
fo

u
n
d
e
r-

ad
ju

st
e
d

m
o
d
e
l:

as
m

o
d
e
l
1

p
lu

s
ad

ju
st

m
e
n
t

fo
r

m
at

e
rn

al
ag

e
,
e
th

n
ic

it
y,

p
re

-p
re

gn
an

cy

B
M

I,
n
u
lli

p
ar

it
y,

so
ci

al
cl

as
s,

sm
o
k
in

g,
al

co
h
o
l
co

n
su

m
p
ti
o
n
;
M

o
d
e
l
3
:
B

ir
th

o
u
tc

o
m

e
-a

d
ju

st
e
d

m
o
d
e
l:

as
m

o
d
e
l
2

p
lu

s
ad

ju
st

m
e
n
t

fo
r

ge
st

at
io

n
al

ag
e

an
d

b
ir

th
w

e
ig

h
t;

M
o
d
e
l
4
:
O

ff
sp

ri
n
g

ad
ip

o
si

ty
-a

d
ju

st
e
d

m
o
d
e
l:

as
m

o
d
e
l
3

p
lu

s
ad

ju
st

m
e
n
t

fo
r

B
M

I
ch

ild
;
*p
<

0
.0

5
.

1106 European Journal of Preventive Cardiology 21(9)



2. Berry LM, Polk DH, Ikegami M, et al. Preterm newborn
lamb renal and cardiovascular responses after fetal or
maternal antenatal betamethasone. Am J Physiol 1997;

272(6 Pt 2): R1972–R1979.
3. Docherty CC, Kalmar-Nagy J, Engelen M, et al. Effect of

in vivo fetal infusion of dexamethasone at 0.75 GA on
fetal ovine resistance artery responses to ET-1. Am J

Physiol Regul Integr Comp Physiol 2001; 281:
R261–R268.

4. Dodic M, Abouantoun T, O’Connor A, et al.

Programming effects of short prenatal exposure to dexa-
methasone in sheep. Hypertension 2002; 40: 729–734.

5. Entringer S, Kumsta R, Hellhammer DH, et al. Prenatal

exposure to maternal psychosocial stress and HPA axis
regulation in young adults. Horm Behav 2009; 55:
292–298.

6. Glover V, O’Connor TG and O’Donnell K. Prenatal
stress and the programming of the HPA axis. Neurosci
Biobehav Rev 2010; 35: 17–22.

7. Glynn LM, Wadhwa PD, Dunkel-Schetter C, et al. When

stress happens matters: effects of earthquake timing on
stress responsivity in pregnancy. Am J Obstet Gynecol
2001; 184: 637–642.

8. Levitt NS, Lindsay RS, Holmes MC, et al.
Dexamethasone in the last week of pregnancy attenuates
hippocampal glucocorticoid receptor gene expression and

elevates blood pressure in the adult offspring in the rat.
Neuroendocrinology 1996; 64: 412–418.

9. McCormick CM, Smythe JW, Sharma S, et al. Sex-spe-
cific effects of prenatal stress on hypothalamic-pituitary-

adrenal responses to stress and brain glucocorticoid
receptor density in adult rats. Brain Res Dev Brain Res
1995; 84: 55–61.

10. Molnar J, Nijland MJ, Howe DC, et al. Evidence for
microvascular dysfunction after prenatal dexamethasone
at 0.7, 0.75, and 0.8 gestation in sheep. Am J Physiol

Regul Integr Comp Physiol 2002; 283: R561–R567.
11. Molnar J, Howe DC, Nijland MJ, et al. Prenatal dexa-

methasone leads to both endothelial dysfunction and

vasodilatory compensation in sheep. J Physiol 2003;
547(Pt 1): 61–66.

12. Moritz KM, Johnson K, Douglas-Denton R, et al.
Maternal glucocorticoid treatment programs alterations

in the renin-angiotensin system of the ovine fetal kidney.
Endocrinology 2002; 143: 4455–4463.

13. Moss TJ, Sloboda DM, Gurrin LC, et al. Programming

effects in sheep of prenatal growth restriction and gluco-
corticoid exposure. Am J Physiol Regul Integr Comp
Physiol 2001; 281: R960–R970.

14. Noorlander CW, De Graan PN, Middeldorp J, et al.
Ontogeny of hippocampal corticosteroid receptors:
effects of antenatal glucocorticoids in human and
mouse. J Comp Neurol 2006; 499: 924–932.

15. O’Donnell K, O’Connor TG and Glover V. Prenatal
stress and neurodevelopment of the child: focus on the
HPA axis and role of the placenta. Dev Neurosci 2009; 31:

285–292.
16. Ortiz LA, Quan A, Zarzar F, et al. Prenatal dexametha-

sone programs hypertension and renal injury in the rat.

Hypertension 2003; 41: 328–334.

17. Ortiz LA, Quan A, Weinberg A, et al. Effect of prenatal

dexamethasone on rat renal development. Kidney Int

2001; 59: 1663–1669.
18. Drake AJ, Tang JI and Nyirenda MJ. Mechanisms

underlying the role of glucocorticoids in the early life

programming of adult disease. Clin Sci (Lond) 2007;

113: 219–232.

19. Kari MA, Hallman M, Eronen M, et al. Prenatal dexa-

methasone treatment in conjunction with rescue therapy

of human surfactant: a randomized placebo-controlled

multicenter study. Pediatrics 1994; 93: 730–736.
20. Doyle LW, Ford GW, Davis NM, et al. Antenatal cor-

ticosteroid therapy and blood pressure at 14 years of age

in preterm children. Clin Sci (Lond) 2000; 98: 137–142.
21. van Dijk AE, van Eijsden M, Stronks K, et al. The asso-

ciation between prenatal psychosocial stress and blood

pressure in the child at age 5–7 years. PLoS ONE 2012;

7: e43548.
22. Lipsitch M, Tchetgen TE and Cohen T. Negative con-

trols: a tool for detecting confounding and bias in obser-

vational studies. Epidemiology 2010; 21: 383–388.
23. Davey Smith G. Negative control exposures in epidemio-

logic studies. Epidemiology 2012; 23: 350–351.
24. Boyd A, Golding J, Macleod J, et al. Cohort Profile: The

‘Children of the 90s’ – the index offspring of the Avon

Longitudinal Study of Parents and Children. Int J

Epidemiol 2013; 42: 111–127.
25. Fraser A, Macdonald-Wallis C, Tilling K, et al. Cohort

Profile: The Avon Longitudinal Study of Parents and

Children: ALSPAC mothers cohort. Int J Epidemiol

2013; 42: 97–110.

26. Williams DM, Fraser A, Sayers A, et al. Associations of

childhood 25-hydroxyvitamin D2 and D3 and cardiovas-

cular risk factors in adolescence: prospective findings

from the Avon Longitudinal Study of Parents and

Children. Eur J Prev Cardiol 2012 (Epub ahead of print).
27. Cox JL, Holden JM and Sagovsky R. Detection of post-

natal depression. Development of the 10-item Edinburgh

Postnatal Depression Scale. Br J Psychiatry 1987; 150:

782–786.
28. Heron J, O’Connor TG, Evans J, et al. The course of

anxiety and depression through pregnancy and the post-

partum in a community sample. J Affect Disord 2004; 80:

65–73.

29. Crisp AH, Jones MG and Slater P. The Middlesex

Hospital Questionnaire: a validity study. Br J Med

Psychol 1978; 51: 269–280.
30. Donald AE, Charakida M, Falaschetti E, et al.

Determinants of vascular phenotype in a large childhood

population: the Avon Longitudinal Study of Parents and

Children (ALSPAC). Eur Heart J 2010; 31: 1502–1510.
31. Lawlor DA, Macdonald-Wallis C, Fraser A, et al.

Cardiovascular biomarkers and vascular function

during childhood in the offspring of mothers with hyper-

tensive disorders of pregnancy: findings from the Avon

Longitudinal Study of Parents and Children. Eur Heart J

2012; 33: 335–345.

32. Rondo PH, Lemos JO, Pereira JA, et al. The relationship

between cortisol concentrations in pregnancy and

van Dijk et al. 1107



systemic vascular resistance in childhood. Early Hum Dev
2010; 86: 127–131.

33. Rondo PHC, Pereira JA, Lemos JO, et al. The impact of

maternal cortisol concentrations on child arterial elasti-
city. J Dev Origin Health Dis 2011; 2: 56–62.

34. Wadhwa PD and Federenko IS. Prenatal stress influences
human fetal development and birth outcomes: implica-

tions for developmental origins of health and disease.
In: Hodgson DM and Coe CL (eds) Perinatal

programming. Early life determinants of adult health and
disease. London and New York: Taylor & Francis, 2006,
pp.29–46.

35. Wolke D, Waylen A, Samara M, et al. Selective drop-out
in longitudinal studies and non-biased prediction of
behaviour disorders. Br J Psychiatry 2009; 195: 249–256.

36. Howe LD, Tilling K, Galobardes B, et al. Loss to follow-

up in cohort studies: bias in estimates of socioeconomic
inequalities. Epidemiology 2013; 24: 1–9.

1108 European Journal of Preventive Cardiology 21(9)


