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Relation of maternal hypertension with infant growth
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The aim of this study was to investigate the assumed positive association of pre-existent and pregnancy-induced hypertension with the offspring’s
weight and length gain in the first 14 months of life. We studied 3994 pregnant women and their offspring in a prospective community-based cohort
study, starting between 2003 and 2004 (Amsterdam Born Children and their Development, ABCD study). Questionnaires obtaining information
about hypertension during pregnancy were completed, and this was complemented with additional information from the obstetric caregiver.
Anthropometry of the offspring was followed during the first 14 months of life. Main outcome measures were presence or absence of growth
acceleration in weight or length (normal: ASDS < 0.67 v. growth acceleration: ASDS > 0.67). The relation between hypertension during pregnancy
and weight and length gain was addressed by logistic regression analyses. We found that pre-existent hypertension was related to growth acceleration
in weight and length. After correction for birth weight and pregnancy duration, the effect remained significant for growth acceleration in weight (OR
1.89; 95% CI 1.21-2.97; P<<0.01). Pregnancy-induced hypertension showed similar results, although correction for birth weight and pregnancy
duration rendered the associations non-significant. In conclusion, infants of women with pre-existent hypertension during pregnancy more frequently
have growth acceleration in weight and length, and yet the mechanisms acting on postnatal growth appear to be different.
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Introduction particularly by an aim to compensate for intrauterine growth
retardation or prematurity, which consequently may increase

the adverse effect on cardiovascular disease risk in later
life 3,5,7,12—

The ‘Developmental Origins of Health and Disease’ hypothesis
postulates that several chronic diseases in adulthood originate
from adaptation to the (compromised) nutritional environment
during early (antenatal or postnatal) life.! These adaptations,
which appear to be mediated by certain epigenetic processes,

' Although rapid postnatal growth also occurs in
normal birth weight infants, it may still be the consequence of a
fetal response to a compromised intrauterine environment.”

. . . . One adverse antenatal factor that is potentially associated
may result in vascular, metabolic or endocrine changes in the

structure and function of the body in adult life.?
An array of epidemiological studies in several countries

with fetal adaptation (reprogramming) is maternal hyper-
tension. As maternal hypertension is one of the factors asso-

ciated with placental dysfunction,'” resulting in limited

have provided evidence supporting this hypothesis. They have . .
docurlzlented that sub'ectsp\[))vith f;:gtal rovs[/)th retardation due maternoplacental delivery of nutrients and oxygen to the fetus,
) & the offspring of mothers with hypertension are expected to

have a higher risk of retarded fetal growth and preterm deliv-
ery. This may however be restricted to those with severe
hypertension.'®2! Tt is unknown whether maternal hyper-

to intrauterine malnutrition have a higher risk of developing
hypertension, obesity, diabetes and coronary heart disease
in later life.>™'% In addition to fetal growth retardation, pre-
maturity has been identified as an independent risk factor for . .o
. . L. 11 tension is related to postnatal growth acceleration, independent
high blood pressure and cardiovascular risk in later life. . . .
from birth weight and pregnancy duration.
The aim of this study was to determine the putative inde-
pendent role of maternal hypertension (pre-pregnancy and

pregnancy-induced hypertension) on the offspring’s growth.

Moreover, evolving evidence suggests an independent role
of rapid infant growth (also referred to as ‘catch-up growth’) on
cardiovascular disease in later life (the accelerated growth

hypothesis). Rapid growth in carly postnatal life may be driven We hypothesized that maternal pre-existent hypertension and

— pregnancy-induced hypertension are independent determinants
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of the offspring’s growth acceleration, in addition to birth
weight, pregnancy duration and potential confounding vari-
ables. When confirmed, these hypotheses provide novel insights
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into the role of the potential determinants of cardiovascular
diseases in later life.

Methods
Study population

Data from the Amsterdam Born Children and their Devel-
opment (ABCD) study were used.”*> The ABCD study is a
prospective cohort study that focuses on the explanatory role
of dietary and lifestyle habits during pregnancy on birth
outcomes and the future health of the child with specific
attention to ethnicity (www.abcd-study.nl).

Between January 2003 and March 2004, all pregnant women
living in Amsterdam were invited to participate in this study at
their first visit to an obstetric caregiver (Fig. 1). A questionnaire
covering sociodemographic data, obstetric history and lifestyle
was sent to the pregnant woman’s home address. This was
around the 12th to 14th week of pregnancy. Questionnaires
were returned by 8266 women (response rate: 67%).

From this group, 7809 women gave birth to a viable singleton
infant with information on birth weight, gender and pregnancy
duration. Mothers with diabetes or with missing information on
pre-existent and pregnancy-induced hypertension were excluded
from the analysis, leaving us with a group of 7163 mothers.

Three months after delivery, another questionnaire was
sent to the mothers who had given permission for follow-up
of their health status during pregnancy and of their child after

12.373 pregnantwomen approached

8266 pregnancy guestionnaires
(response rate 67%)

7808 viable singleton infants with gender,
birth weight, pregnancy duration

7163 after exclusion ofmaternal diabetes

6693 permission for follow up and further
research

5131 neonatal questionnaires
(responserate77%)

3994 with digitised growth data

Fig. 1. Flowchart.
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being born (7= 6693, 86%). These questions concerned
the course of pregnancy and delivery, and maternal lifestyle
during and after pregnancy. With 5131 women returning the
questionnaire, the response rate was 77%.

The length and weight of these children were collected at
the Youth Health Care registration of the Municipal Health
Service in Amsterdam. The Youth Health Care registration is
an organization which is represented all over the Netherlands. It
offers regular consults during infancy and childhood at which
vaccinations are administered and development is monitored.
Length and weight measurements took place during regular
follow-up moments and were performed by well-trained nurses.
Since these data were not digitized at the time, we had to collect
them afterward. Up until now, we have managed to retrieve and
digitize the growth data of 3994 of these children. Weight and
length at a median age of 4 weeks (range 1-7 weeks) as well as a
median of 14 months (range 10 to 18 months) were used.
The reason for using anthropometric data at 4 weeks instead of
birth data is that length is not always measured unequivocally at

birth in the Netherlands.

Measurements

Antenatal risk

Pre-existent hypertension

The pregnancy questionnaire contained questions concerning
pre-existent hypertension, pregnancy-induced hypertension
and use of anti-hypertensive medication. If a woman reported
hypertension or used anti-hypertensive medication before the
20th week of pregnancy, this was classified as pre-existent
hypertension. In addition, information from obstetric care, and
Dutch perinatal registration, containing information concern-
ing possible complications of the pregnancy (e.g. by pre-existent
hypertension) were available for all women to complement this
classification.”® In case of discrepancies between both sources,
we chose to use data from the questionnaires because this
information was more complete.

Pregnancy-induced hypertension

The infancy questionnaire addressed pregnancy-induced hyper-
tension. If a woman reported hypertension that was not reported
in the preceding pregnancy questionnaire, this was regarded
as pregnancy-induced hypertension. In addition, data from the
perinatal registration were available to complement the presence
of pregnancy-induced hypertension. In case of discrepancies
between diagnoses of both sources, we chose to use data from
the questionnaires because this information was more complete.

QOutcome

Infant growth acceleration (weight and length) in the

first 14 months

Infant weight and length were expressed as standard deviation
scores (SDS), using Dutch reference standards.”” Infant growth
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acceleration (i.e. change in standardized weight or length gain)
was expressed as a change in SDS (ASDS) and was calculated by
subtracting SDS at 4 weeks from SDS at 14 months. Growth
acceleration was defined as ASDS > 0.67 between 4 weeks and
14 months. SDS 0.67 represents the width of each percentile
band on standard growth charts (that is P2-P9, P9-P25,
P25-P50, etc.). Crossing of centiles is the most commonly used
indicator of clinically significant accelerated growth.'**®

Covariables

Pregnancy duration and birth weight

Pregnancy duration, gender and birth weight were obtained
from Youth Health Care centres which perform neonatal
screening on congenital inborn errors of metabolism in all
Dutch newborns. A standardized birth weight was calculated
using the most recent Dutch reference values obtained from
the Dutch perinatal registration (www.perinatreg.nl). Mea-
sured birth weight was divided by the mean birth weight of a
reference group (alike in gender, pregnancy duration and
parity) and expressed as a ratio. It was interpreted as an
expression of intrauterine growth.

Breastfeeding

Information on feeding practices was obtained from the Youth
Health Care registration of the Municipal Health Service in
Amsterdam. Duration of exclusive breastfeeding was divided
into five categories: not started, <1 month, 1-3 months, 4-6
months, >6 months.

Other confounding variables

The pregnancy questionnaire contained questions concerning
maternal age in years (continuous), height in m (continuous),
pre-pregnancy body mass index (BMI) = maternal weight/
height2 (continuous), parity (0, 1, =2 children), maternal
education (<5, 5-10, >10 years after primary school), ethni-
city (based on mother’s place of birth: Dutch, Surinamese,
Turkish, Moroccan, other), paternal height in m (continuous),
cohabitant status (living together, single), smoking (yes, no)
and use of alcohol during pregnancy (yes, no). We considered
all amounts of smoking, and drinking more than once a day

to be relevant. 2!

Statistics

Differences between participants with and without available
growth data (total group: 7163) were analyzed using X
analysis and independent sample #-tests. Differences between
women without hypertension, pre-existent hypertension and
pregnancy-induced hypertension were addressed using x*
analysis and ANOVA.

Logistic regression was used to determine the relation
between maternal hypertension and infant growth accelera-
tion. After univariate analysis, possible confounding factors
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that appeared to be different between the three groups,
women without hypertension, pre-existent hypertension and
pregnancy-induced hypertension were added to the first
model, forced entry. Standardized birth weight (as resultant
from fetal growth) and pregnancy duration, as a linear term
and as a quadratic term, were added to the final model to
adjust for their acknowledged independent impact on infant
weight gain and to explore their potential intermediating role.
Furthermore, to assess whether the use of antihypertensive
medication affected the relation between maternal hyper-
tension and the outcome variables studied, sensitivity analyses
were conducted excluding mothers who used antihypertensive
hypertension.

All analyses were conducted using SPSS statistical software
(version 15).

Results
Data sources for hypertension

Data regarding hypertension were available for all women in this
subgroup (they were not available for 32 women of the total
group of 8266 who initially participated). Pre-existent hyper-
tension was reported by 141 mothers. This was supported eight
times by information from the perinatal registration. In addi-
tion, in two cases, the perinatal registration classified a mother as
having both pre-existent and pregnancy-induced hypertension.
These mothers reported pregnancy-induced hypertension.
Furthermore, in one case, the mother reported pregnancy-
induced hypertension, whereas the perinatal registration
reported pre-existent hypertension. All three cases were clas-
sified as pregnancy-induced hypertension, which was reported
by 294 mothers. This was supported 122 times by informa-
tion from the perinatal registration. In addition, 59 cases were
identified by information from the perinatal registration.

Background variables

In the group with no available growth data (n=3169), the
prevalence of maternal pre-existent hypertension was higher
compared to the group with growth data (z=3994; 4.9% v.
3.5%; P<<0.01), whereas the prevalence of pregnancy-induced
hypertension was lower (7.1% v. 8.8%; P<<0.01). Further-
more, in the group without growth data, more infants were
born preterm (9.1% v. 4.1%; P<<0.001), maternal pre-preg-
nancy BMI was lower (22.9 m/kg2 v. 23.1 m/kgz; P<0.05),
nulliparity was greater (59.0% v. 53.7%; P<0.001) and more
women of Dutch and Surinamese origin were present (65.9%
resp. 5.3% v. 64.2% resp. 4.5%; P<<0.001). Importantly, the
educational level was not significantly different in participants
with and without growth data.

Relevant sociodemographic background variables are
shown in Table 1. Higher maternal BMI, older age, lower
educational level, multiparity and shorter pregnancy duration
were positively associated with pre-existent hypertension.
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Table 1. Background variables in three groups”

No hypertension Pre-existent hypertension Pregnancy-induced hypertension
Mean (s.p.) or % Mean (s.D.) or % Mean (s.D.) or %
N=3500 (88%) N=141 (3%) N=1353 (9%)
Maternal factors
Age (years) 30.9 (5.2) 32.0 (5.8) 31.4 (5.0) * b
Height (m) 1.68 (0.07) 1.68 (0.07) 1.69 (0.08) ns
Height partner (m) 1.81 (0.11) 1.81 (0.08) 1.82 (0.09) ns
Pre-pregnancy BMI (kg/mz) 22.9 (3.9) 26.3 (6.0) 23.9 (3.9) o be
Parity (%) Xk be
0 52.7 34.8 72.0
1 33.7 42.6 20.1
=2 13.6 22.7 7.9
Smoking during pregnancy (%) 10.7 6.4 8.2 ns
Use of alcohol (%) 22.7 17.7 19.8 ns
Use of antihypertensive drugs 0 19.1 8.2 o be
(%)
Maternal education (%) e be
<5 years 22.8 34.0 16.7
5-10 years 37.0 37.6 39.7
>10 years 40.2 28.4 43.6
Two parent family (%) 87.3 82.3 90.9 * N
Ethnicity (%) e N
Dutch 63.3 59.6 75.6
Surinamese 4.3 8.5 4.5
Turkish 4.8 3.5 2.5
Moroccan 7.3 9.2 4.2
Other 20.3 19.1 13.0
Intrauterine and child factors
Birth weight (g) 3473 (503) 3482 (615) 3357 (585) ok ©
Standardized birth weight ratio 1.00 (0.12) 1.03 (0.20) 0.98 (0.14) ** N
TUGR (% < P10 standardized 12.0 16.3 17.6 *x N
birth weight )
Pregnancy duration (weeks) 39.9 (1.5) 39.4 (1.7) 39.7 (1.5) o b
Preterm (%) 4.0 5.7 4.5 ns
Male gender (% boy) 50.2 48.2 48.7 ns
Duration of breastfeeding (%) e be
Not initiated 28.8 45.0 37.4
<1 month 9.5 6.4 9.1
1-3 months 19.4 16.4 16.3
4-6 months 21.9 10.7 18.6
>6 months 20.5 21.4 18.6
Weight SDS 4 weeks 0.18 (1.2) 0.18 (1.3) —0.14 (1.3) oxk N
Weight SDS 14 months —0.09 (1.0) 0.11 (1.0) —0.16 (1.0) * b
ASDS Weight —0.27 (1.2) —0.08 (1.3) 0.02 (1.3) e N
Accelerated growth weight (%) 18.0 29.8 24.1 x be
Length SDS 4 weeks 0.09 (1.0) —0.10 (1.1) —0.05 (1.2) * ¢
Length SDS 14 months —0.11 (1.0) —0.05 (1.0) —0.18 (1.1) ns
ASDS length —0.19 (1.0) 0.04 (1.1) —0.12 (1.2) * b
Accelerated growth length (%) 17.7 27.6 22.2 ¥ b

BMI=body mass index; IUGR = intrauterine growth retardation; s.D.=standard deviation; SDS = standard deviation score;
ASDS = change in standard deviation score.

*x* analysis and ANOVA were used.

® Difference between pre-existent hypertension and controls.

“Difference between pregnancy-induced hypertension and controls.

*P<0.05, *P<0.01, **P<0.001.
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Fig. 2. Accelerated growth in weight. ASDS = change in standard
deviation score.

Furthermore, among these women, breastfeeding was started
less frequently.

Infant growth acceleration in weight

For all three groups, the mean ASDS for weight (growth
acceleration in weight as a continuous variable) are presented
for eight different strata of standardized birth weight (Fig. 2).
This figure demonstrates the modifying effect of standardized
birth weight on the association between maternal hyper-
tension and accelerated growth in weight: only in the below
average birth weight group a synergistic effect of maternal
hypertension on accelerated weight gain was present.

After adjustment for confounding variables, pre-existent
and pregnancy-induced hypertension were independent deter-
minants of growth acceleration in weight. After correction for
standardized birth weight and pregnancy duration, the relation
between pre-existent hypertension and growth acceleration in
weight remained significant (OR 1.89; 95% CI 1.21-2.97;
P<0.01); however, the relation of pregnancy-induced hyper-
tension with growth acceleration lost significance (Table 2).
Furthermore, we did a sensitivity analysis excluding women
who used antihypertensive drugs (n =116), leaving us with
a group of 25 subjects. The relation between pre-existent
hypertension and growth acceleration in weight was stronger,
but it was no longer significant (OR 1.93; 95% CI 0.67-5.61;
p: 0.22).

In subsequent analyses including standardized birth weight
as a dichotomous variable (below v. above average standar-
dized birth weight), a significant interaction was found
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between pre-existent hypertension and standardized birth
weight (OR 3.17; 95% CI; 1.20-8.38; 2 << 0.05). Therefore,
we performed a stratified analysis in two birth weight sub-
groups. In the below average birth weight subgroup, a larger
effect size was found for the association between pre-existent
hypertension and growth acceleration in weight (OR 2.64;
95% CI 1.48-4.71; P<<0.01). This relation was not sig-
nificant in the above average birth weight group (Table 3).
Furthermore, we excluded women who used antihypertensive
drugs (n = 53), leaving us with a group of 11 subjects. The
relation between pre-existent hypertension and growth
acceleration in the below average birth weight subgroup was
stronger, though of borderline significance (OR 3.53; 95%
CI 0.98-12.71; p: 0.05).

Infant growth acceleration in length

In univariate analysis, as well as after adjustments for the
confounding variables, both pre-existent and pregnancy-
induced hypertension were significantly associated with infant
growth acceleration in length. However, after adjustments for
standardized birth weight and pregnancy duration, the asso-
ciations lost significance (Table 4). In subsequent analyses
including standardized birth weight as a dichotomous variable
(below v. above average birth weight), no significant inter-
actions were found between pre-existent or pregnancy-
induced hypertension and standardized birth weight.

Discussion

The results of this study show that the offspring of women
with pre-existent hypertension are 1.9 times more likely to
have growth acceleration in weight during the first 14 months
of life. Interestingly, this association appears to be only sig-
nificant in infants with a below average birth weight, with an
even 2.6 times higher odds for growth acceleration in weight.
Neither fetal growth retardation nor shorter duration of
pregnancy is solely responsible for these findings, but these
factors partly act as intermediating variables. It should be
mentioned, however, that these secondary analyses were
relying on small numbers, and should therefore be interpreted
with some caution. Furthermore, we found some indication
for a possible attenuating effect of the use of antihypertensive
drugs on offspring’s accelerated growth in weight. This sug-
gests a better condition of women who are prescribed anti-
hypertensive drugs with a resultant better offspring.

Furthermore, in contrast to growth acceleration in weight,
the association of maternal pre-existent hypertension with
growth acceleration in length was mainly mediated by birth
weight and pregnancy duration.

A significant relation between pregnancy-induced hyper-
tension and offspring’s growth acceleration (both weight and
length) was found. However, the association of pregnancy-
induced hypertension with growth acceleration was mainly
mediated by reduced birth weight and shorter pregnancy
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Table 2. Relation of maternal hypertension with the offspring’s growth acceleration in weight”

Univariate effects

OR (95% CI)

Multivariate effects

Model 1 OR (95% CI)

Multivariate effects

Final model OR (95% CI)

Maternal factors

Pre-existent hypertension
Pregnancy-induced hypertension
Age
Pre-pregnancy BMI (kg/m?)
Parity

0

1

=2
Maternal education

<5 years

5—-10 years

>10 years
Cohabitant status (living together)
Ethnicity

Dutch

Surinamese

Turkish

Moroccan

Other

Intrauterine and child factors

Standardized birth weight
Linear term of pregnancy duration (weeks)
Quadratic term of pregnancy duration (weeks?)
Duration of breast feeding

Not initiated

<1 month

1-3 months

4—6 months

>6 months

1.93 (1.33-2.80)**
1.44 (1.11-1.87)**
0.96 (0.95-0.98)***
1.01 (0.99-1.03)

Ref.
0.61 (0.51-0.73)***
0.73 (0.57-0.94)*

Ref.
0.71 (0.59-0.87)**
0.56 (0.46-0.69)***
0.67 (0.54—0.84)***

Ref.
1.85 (1.32-2.61)***
1.38 (0.96-1.98)
1.75 (1.32-2.33)***
1.10 (0.90-1.36)

0.01 (0.00-0.01)***
0.19 (0.03-1.32)
1.01 (0.99-1.04)

3.38 (2.60—4.38)***

3.05 (2.20-4.23)***

2.13 (1.59-2.85)%*

1.15 (0.84-1.57)
Ref.

1.93 (1.30-2.86)**
1.38 (1.05-1.81)*
0.99 (0.97-1.01)
0.99 (0.97-1.01)

Ref.
0.66 (0.54—0.80)***
0.67 (0.51-0.90)**

Ref.
0.85 (0.68-1.07)
0.83 (0.64-1.07)
0.87 (0.68-1.11)

Ref.
1.53 (1.06-2.22)*
1.46 (0.98-2.18)
1.77 (1.28-2.43)**
1.13 (0.90-1.41)

Not entered
Not entered
Not entered

3.14 (2.40—4.12)***

2.86 (2.05-4.00)***

2.13 (1.58-2.87)"*

1.19 (0.87-1.64)
Ref.

1.89 (1.21-2.97)**
1.10 (0.81-1.50)
0.99 (0.98-1.01)
1.02 (1.00-1.04)

Ref.
0.54 (0.43-0.67)***
0.54 (0.39-0.74)***

Ref.
0.91 (0.71-1.17)
0.93 (0.70-1.25)
0.88 (0.67-1.15)

Ref.
0.98 (0.65-1.48)
1.37 (0.88-2.14)
1.95 (1.37-2.77)***
0.99 (0.77-1.27)

0.00 (0.00-0.01)***
0.06 (0.01-0.47)**
1.03 (1.00-1.06)*

2.38 (1.77-3.20)***

2.83 (1.96-4.08)***

2.09 (1.52-2.89)%**

1.15 (0.82-1.63)
Ref.

BMI = body mass index.
*P<0.05, **P<<0.01, **P<<0.001.
*Logistic regression analysis was used.

Model 1: adjusted for maternal age, pre-pregnancy BMI, parity, educational level, cohabitant status, ethnicity and duration of breastfeeding.
Final model: adjusted for maternal age, pre-pregnancy BMI, parity, educational level, cohabitant status, ethnicity, duration of breastfeeding,

standardized birth weight and pregnancy duration as a linear and as a quadratic term.

duration. There may be numerous differences in the causes
and consequences of pre-existent and pregnancy-induced
hypertension, respectively, explaining this incongruence. For
instance, in contrast with pregnancy-induced hypertension,
pre-existent hypertension probably has its effect in early
pregnancy. This period of organogenesis seems especially
sensitive to permanent alterations in physiological and
metabolic homeostatic set points.”” Furthermore, pre-existent
hypertension is one of the risk factors for pre-eclampsia,
which in turn is associated with preterm delivery and
intrauterine growth retardation (and potentially subsequent
accelerated postnatal growth).'”* If hypertension was
reported before the 20th week of pregnancy, we classified this
as pre-existent hypertension, which in a proportion of cases
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might progress to superimposed pre-eclampsia. It is con-
ceivable that the combination of these two conditions is
mainly associated with accelerated postnatal growth.

To our knowledge, few studies have specifically addressed
the relation between maternal hypertension and accelerated
infant growth. Part of the demonstrated associations seem to
work through a reduction in birth weight and shorter preg-
nancy duration. Moreover, there appears to be additional
weight gain in the offspring of mothers with pre-existent
hypertension. As proposed in the recent literature, a reduction
of fetal growth constitutes a surrogate marker of a coordi-
nated fetal response to a restricted intrauterine environment.
Growth acceleration is then mainly related to this fetal
1'esponse.2 When translating this to our findings, a reduction
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Table 3. Relation of maternal hypertension with the offspring’s growth acceleration in weight after stratifying for standardized birth weight below v.

above average’

Univariate effects

OR (95% CI)

Multivariate effects

Final model OR (95% CI)

Multivariate effects

Model 1 OR (95% CI)

Logistic regression weight
Birth weight < average
Pre-existent hypertension
Pregnancy-induced hypertension
Birth weight > average
Pre-existent hypertension
Pregnancy-induced hypertension

3.07 (1.86-5.07)***
1.71 (1.23-2.37)*

1.09 (0.55-2.14)
1.03 (0.65-1.65)

2.95 (1.72-5.04)***
1.60 (1.13-2.26)**

2.64 (1.48-4.71)**
1.13 (0.77-1.67)

1.04 (0.51-2.13)
0.91 (0.56-1.48)

1.09 (0.48-2.44)
1.06 (0.63-1.80)

BMI = body mass index.
*Logistic regression analysis was used.
*P<0.05, *P<<0.01, **P<<0.001.

Model 1: adjusted for maternal age, pre-pregnancy BMI, parity, educational level, cohabitant status, ethnicity and duration of breastfeeding.

Final model: adjusted for maternal age, pre-pregnancy BMI, parity, educational level, cohabitant status, ethnicity, duration of breastfeeding,
standardized birth weight and pregnancy duration as a linear and as a quadratic term.

in birth weight may be a sign for permanent alterations in the
constitution of an infant, with further induction of growth
acceleration in weight as a result.

This study has a number of strengths. First, we studied a
community-based sample with a substantial number of sub-
jects. Second, we collected possible confounding variables
known to be related to maternal hypertension and potentially
also to infant growth acceleration, for which we could adjust.
Third, we assessed growth acceleration not only in weight but
also in length. The latter is sparsely used in analysis of growth
acceleration, while it is likely to provide an interesting extra
dimension of growth. Finally, we used multiple resources to
determine the presence of hypertension: two questionnaires
assessed at different moments, and in addition information
from the obstetric care provider.

A number of limitations to the study should be considered.
First, there was a substantial amount of missing data because
we were not able to retrieve growth data for all participants.
Regarding some background variables, the group that we used
for the analysis was different from the rest of the original
cohort (for which we did not have growth data). However,
the prevalence of both determinants was comparable to the
rates reported in a recent review, which are in agreement with
the representativeness of our sample.34 This review reported a
prevalence of 3% for pre-existent hypertension and 6% for
pregnancy-induced hypertension, compared to 3% and 9%,
respectively, in our group.’* Moreover, in subjects with
growth data, some growth acceleration associated factors have
a lower prevalence. Therefore, there should be some prudence
regarding the external validity of our findings. They may
rather be an underestimation of the reality. Second, we used
participant self-reporting of pre-existent and pregnancy-
induced hypertension, which could affect the accuracy.
However, in a recent study comparing self-report ques-
tionnaires and medical record data, Okura et al. reported
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reliable agreement for hypertension.”” Another study, which
also addressed the reliability of self-report data on hyper-
tension, suggested that this method may also lead to under-
estimated prevalence estimates.>® However, the validity of
self-reported information on hypertension in this study is not
unequivocal. Third, blood pressure in women was not
quantified. This would have enabled us to assess a possible
effect of severity of hypertension on the infants’ growth.
Moreover, it would have shed light on whether well-managed
hypertension would have the same effect on offspring growth
patterns. Fourth, birth weight was used as a proxy for
intrauterine growth. This is a rather crude measure for fetal
growth restriction as there may be appropriate for gestational
age children who suffered from intrauterine growth restric-
tion. In contrast, there are small for gestational age children
who are constitutionally small but not growth retarded.
Finally, in the pregnancy-induced hypertension group, no
differentiation was made between women with gestational
hypertension and the different phenotypes of pre-eclampsia.
These conditions are likely to differ in their pathophysiological
impact regarding endothelial function, maternal organ devel-
opment, placentation, placental function and subsequent fetal
growth and fetal organ programming.”” However, as stated
earlier, a proportion of the women with pre-existent hyper-
tension may develop pre-eclampsia. Preliminary analyses in a
subset of primiparous women showed that pre-eclampsia was
related to growth acceleration in weight and length, whereas this
was not the case in pregnancy-induced hypertension. The rela-
tion seems to be intermediated by birth weight and pregnancy
duration (data not shown).

In conclusion, we have shown that maternal hypertension
during pregnancy is an important risk factor for accelerated
growth in offspring. Yet the mechanisms which act on post-
natal growth in weight and length appear to be different. In
contrast to pre-existent hypertension, the association between
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Table 4. Relation of maternal hypertension with the offspring’s growth acceleration in length”

Univariate effects

OR (95% CI)

Multivariate effects

Model 1 OR (95% CI)

Multivariate effects

Final model OR (95% CI)

Maternal factors

Pre-existent hypertension
Pregnancy-induced hypertension
Age (years)
Pre-pregnancy BMI (kg/m?)
Parity

0

1

=2
Maternal education

<5 years

5—-10 years

>10 years
Cohabitant status (living together)
Ethnicity

Dutch

Surinamese

Turkish

Moroccan

Other

Intrauterine and child factors

Standardized birth weight
Linear term of pregnancy duration (weeks)
Quadratic term of pregnancy duration (weeks?)
Duration of breast feeding

Not initiated

<1 month

1-3 months

4—6 months

>6 months

1.77 (1.19-2.63)**
1.32 (1.01-1.74)*
0.95 (0.93-0.96)***
1.00 (0.98-1.02)

Ref.
0.70 (0.58-0.85)***
0.84 (0.65-1.08)

Ref.
0.68 (0.55-0.83)***
0.45 (0.37-0.56)***
0.56 (0.45-0.71)***

Ref.
2.05 (1.41-2.99)***
1.96 (1.37-2.79)***
1.63 (1.20-2.21)
1.49 (1.21-1.84)***

0.03 (0.01-0.06)***
0.10 (0.01-0.88)*
1.02 (1.00-1.05)

3.22 (2.45-4.22)***

2.78 (1.97-3.92)***

1.87 (1.37-2.53)***

1.45 (1.06-1.98)*
Ref.

1.82 (1.19-2.79)**
1.39 (1.04-1.85)*
0.98 (0.96-0.99)**
0.97 (0.95-0.99)*

Ref.
0.76 (0.62-0.93)**
0.82 (0.61-1.10)

Ref.
0.84 (0.67-1.06)
0.70 (0.54-0.92)*
0.75 (0.59-0.96)*

Ref.
1.57 (1.05-2.35)*
1.85 (1.24-2.75)**
1.45 (1.03-2.05)*
1.49 (1.20-1.86)***

Not entered
Not entered
Not entered

3.06 (2.31-4.06)***

2.66 (1.87-3.79)***

1.93 (1.41-2.64)***

1.59 (1.15-2.18)**
Ref.

1.58 (0.99-2.51)
1.17 (0.85-1.60)
0.98 (0.96-1.00)*
0.99 (0.97-1.02)

Ref.
0.68 (0.55-0.85)**
0.74 (0.54-1.02)

Ref.
0.88 (0.68-1.12)
0.73 (0.55-0.98)*
0.74 (0.57-0.97)*

Ref.
1.05 (0.68-1.63)
1.68 (1.10-2.56)*
1.49 (1.04-2.14)*
1.36 (1.07-1.73)*

0.02 (0.01-0.04)***
0.02 (0.00-0.20)***
1.04 (1.01-1.07)**

2.35 (1.74-3.16)***

2.49 (1.71-3.62)***

1.84 (1.32-2.55)***

1.54 (1.10-2.15)*
Ref.

BMI = body mass index.
*P<0.05, **P<<0.01, **P<<0.001.
*Logistic regression analysis was used.

Model 1: adjusted for maternal age, pre-pregnancy BMI, parity, educational level, cohabitant status, ethnicity and duration of breastfeeding.
Final model: adjusted for maternal age, pre-pregnancy BMI, parity, educational level, cohabitant status, ethnicity, duration of breastfeeding,
standardized birth weight and pregnancy duration as a linear and as a quadratic term.

pregnancy-induced hypertension and accelerated growth
appears to work entirely through a reduction in birth weight
and pregnancy duration. Future studies should further explore
the role of maternal hypertension on the offspring’s growth. If
our findings are confirmed, growth of hypertensive mothers’
offspring should be monitored more attentively.

Acknowledgments
The study was funded by the Netherlands Organisation for
Health Research and Development (ZonMw).

Statement of Interest

None declared.

https://doi.org/10.1017/52040174410000462 Published online by Cambridge University Press

Ethical considerations

Approval of the study was obtained from the Central Com-
mittee on Research involving Human Subjects in the
Netherlands, the Medical Ethical Committees of participat-
ing hospitals, and from the Registration Committee of the
Municipality of Amsterdam. Date of approval: 29-03-2002,
reference number: 02.17.392.

References

1. Barker D]J. Fetal origins of coronary heart disease. BMJ. 1995;
311, 171-174.

2. Gluckman PD, Hanson MA, Cooper C, Thornburg KL. Effect
of in utero and early-life conditions on adult health and disease.

N Engl ] Med. 2008; 359, 61-73.


https://doi.org/10.1017/S2040174410000462

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Huxley RR, Shiell AW, Law CM. The role of size at birth and

postnatal catch-up growth in determining systolic blood
pressure: a systematic review of the literature. J Hypertens. 2000;

18, 815-831.

. Mi]J, Law C, Zhang KL, ¢t al. Effects of infant birthweight and

maternal body mass index in pregnancy on components of the
insulin resistance syndrome in China. Ann Intern Med. 2000;
132, 253-260.

. Eriksson JG, Forsen T, Tuomilehto J, Osmond C, Barker D.

Fetal and childhood growth and hypertension in adult life.
Hypertension. 2000; 36, 790-794.

. Eriksson JG, Forsen T, Tuomilehto J, Osmond C, Barker D]J.

Early growth and coronary heart disease in later life:

longitudinal study. BMJ. 2001; 322, 949-953.

. Eriksson JG, Forsen T, Tuomilehto ], et al. Effects of size at

birth and childhood growth on the insulin resistance syndrome
in elderly individuals. Diaberologia. 2002; 45, 342-348.

. Ong KK, Dunger DB. Birth weight, infant growth and insulin

resistance. Eur | Endocrinol. 2004; 151(Suppl. 3), U131-U139.

. Forsen T, Eriksson J, Tuomilehto J, e al. The fetal and

childhood growth of persons who develop type 2 diabetes. Ann
Intern Med. 2000; 133, 176-182.

Ong KK, Petry CJ, Emmett PM, ez 4l. Insulin sensitivity and
secretion in normal children related to size at birth, postnatal
growth, and plasma insulin-like growth factor-I levels.
Diabetologia. 2004; 47, 1064-1070.

Leon DA, Johansson M, Rasmussen F. Gestational age and
growth rate of fetal mass are inversely associated with systolic
blood pressure in young adults: an epidemiologic study of
165,136 Swedish men aged 18 years. Am ] Epidemiol. 2000;
152, 597-604.

Ong KK, Preece MA, Emmett PM, Ahmed ML, Dunger DB.
Size at birth and early childhood growth in relation to maternal
smoking, parity and infant breast-feeding: longitudinal birth
cohort study and analysis. Pediatr Res. 2002; 52, 863-867.
Eriksson JG, Forsen T, Tuomilehto ], ez al. Catch-up growth in
childhood and death from coronary heart disease: longitudinal
study. BMJ. 1999; 318, 427-431.

Ong KK, Ahmed ML, Emmett PM, Preece MA, Dunger DB.
Association between postnatal catch-up growth and obesity in
childhood: prospective cohort study. BAJ. 2000; 320, 967-971.
Furuya M, Ishida ], Aoki I, Fukamizu A. Pathophysiology of
placentation abnormalities in pregnancy-induced hypertension.
Vasc Health Risk Manag. 2008; 4, 1301-1313.

Rasmussen S, Irgens LM. History of fetal growth restriction is
more strongly associated with severe rather than milder
pregnancy-induced hypertension. Hypertension. 2008; 51,
1231-1238.

Rasmussen S, Irgens LM. Fetal growth and body proportion in
preeclampsia. Obster Gynecol. 2003; 101, 575-583.

Rasmussen S, Irgens LM, Albrechtsen S, Dalaker K. Predicting
preeclampsia in the second pregnancy from low birth weight in
the first pregnancy. Obster Gynecol. 2000; 96, 696-700.

Xiong X, Mayes D, Demianczuk N, ez a/. Impact of pregnancy-
induced hypertension on fetal growth. Am J Obster Gynecol.
1999; 180, 207-213.

Odegard RA, Vatten L], Nilsen ST, Salvesen KA, Austgulen R.
Preeclampsia and fetal growth. Obster Gynecol. 2000; 96,
950-955.

https://doi.org/10.1017/52040174410000462 Published online by Cambridge University Press

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Relation of maternal hypertension with infant growth 355

. Buchbinder A, Sibai BM, Caritis S, ¢# al. Adverse perinatal

outcomes are significantly higher in severe gestational
hypertension than in mild preeclampsia. Am J Obster Gynecol.
2002; 186, 66-71.

van Eijsden M, Hornstra G, van der Wal MF, Vrijkotte TG,
Bonsel GJ. Maternal n-3, n-6, and trans fatty acid profile early
in pregnancy and term birth weight: a prospective cohort study.
Am J Clin Nutr. 2008; 87, 887-895.

Goedhart G, van Eijsden M, van der Wal MF, Bonsel GJ.
Ethnic differences in term birthweight: the role of constitutional
and environmental factors. Paediatr Perinat Epidemiol. 2008;
22, 360-368.

de Beer M, van Eijsden M, Vrijkotte TG, Gemke R]J. Early
growth patterns and cardiometabolic function at the age of 5 in
a multiethnic birth cohort: the ABCD study. BMC Pediatr.
2009; 9, 23.

Mesman I, Roseboom TJ, Bonsel GJ, et a/. Maternal pre-
pregnancy body mass index explains infant’s weight and BMI at
14 months: results from a multi-ethnic birth cohort study. Arch
Dis Child. 2009.

Tromp M, Ravelli AC, Meray N, Reitsma JB, Bonsel GJ. An
efficient validation method of probabilistic record linkage
including readmissions and twins. Methods Inf Med. 2008; 47,
356-363.

Fredriks AM, van Buuren S, Burgmeijer R], ¢z /. Continuing
positive secular growth change in The Netherlands 1955-1997.
Pediatr Res. 2000; 47, 316-323.

Ong KK, Loos R]. Rapid infancy weight gain and subsequent
obesity: systematic reviews and hopeful suggestions. Acz
Paediatr. 2006; 95, 904-908.

Teo KK, Ounpuu S, Hawken S, e al. Tobacco use and risk of
myocardial infarction in 52 countries in the INTERHEART
study: a case-control study. Lancer. 2006; 368, 647-658.
O’Keefe JH, Bybee KA, Lavie CJ. Alcohol and cardiovascular
health: the razor-sharp double-edged sword. J Am Coll Cardiol.
2007; 50, 1009-1014.

Kloner RA, Rezkalla SH. To drink or not to drink? That is the
question. Circulation. 2007; 116, 1306-1317.

Moore KL. The Developing Human: Clinically Oriented
Embryology, 7th edn, 2003. Etobicoke: Saunders Book
Company.

Duckitt K, Harrington D. Risk factors for pre-eclampsia at
antenatal booking: systematic review of controlled studies. BMJ.
2005; 330, 565.

Yoder SR, Thornburg LL, Bisognano JD. Hypertension in
pregnancy and women of childbearing age. Am J Med. 2009;
122, 890-895.

Okura Y, Urban LH, Mahoney DW, Jacobsen SJ, Rodeheffer
RJ. Agreement between self-report questionnaires and medical
record data was substantial for diabetes, hypertension,
myocardial infarction and stroke but not for heart failure. / Clin
Epidemiol. 2004; 57, 1096-1103.

Molenaar EA, Van Ameijden EJ, Grobbee DE, Numans ME.
Comparison of routine care self-reported and biometrical data
on hypertension and diabetes: results of the Utrecht Health
Project. Eur J Public Health. 2007; 17, 199-205.

Rasmussen S, Irgens LM. The effects of smoking and
hypertensive disorders on fetal growth. BMC Pregnancy
Childbirth. 2006; 6, 16.


https://doi.org/10.1017/S2040174410000462

