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Birth Weight, Postnatal Weight Change, and Risk for
High Blood Pressure Among Chinese Children

WHAT’S KNOWN ON THIS SUBJECT: Previous studies have
identified an inverse association between birth weight and
childhood hypertension. In addition, postnatal weight gain may
contribute to this predisposition toward hypertension.

WHAT THIS STUDY ADDS: Previous studies evaluating the
association between birth weight and childhood hypertension
were conducted largely in Western countries but may be relevant
in developing countries, where the occurrence of metabolic
disorders is increasing.

abstract
BACKGROUND: It is hypothesized that a physiological predisposition
toward hypertension results from a combination of intrauterine
growth restriction or overgrowth and excessive postnatal weight gain.
Previous studieswere conducted largely inWestern countries however
the hypothesis may also be relevant in developing countries where
metabolic disorders are increasing.

OBJECTIVE: We investigated the association of birth weight and post-
natal weight gain with hypertension among Chinese children.

METHODS: A population based study was conducted among 15 600
children aged 3 to 6 years from Tianjin, China. Weight was expressed as
z scores. Postnatal weight gain was defined as changes in z scores
from birth to 3 to younger than 4 years, 4 to younger than 5 years, and 5 to
6 years. Hypertension was defined as greater than the 90th percentile of
either systolic or diastolic blood pressure. Logistic regression-derived
odds ratios and 95% confidence intervals were generated to estimate
the association between birth weight and postnatal weight gain with
hypertension risk in childhood.

RESULTS: Birthweight was positively associatedwith childhood hyper-
tension in boys and girls (odds ratios [95% confidence interval] com-
paring extreme quartiles [high versus low] were 5.67 [3.83–8.39] and
2.58 [3.83–8.39], respectively). Postnatal weight gain was positively
associated with hypertension and the association did not significantly
vary by birth size for gestational age.

CONCLUSIONS: Greater birth weight or postnatal weight gain was as-
sociated with increased childhood hypertension risk, suggesting that
intrauterine growth and postnatal weight gain may have implications
on health during childhood. Pediatrics 2011;127:e1272–e1279
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Hypertension is a major modifiable
risk factor for cardiovascular disease,
a leading cause of death in China.1,2

Given the correlation between child-
hood and adult hypertension,3 identify-
ing risk factors of childhood hyperten-
sion may contribute to the early
prevention of hypertension and cardio-
vascular disorders in adulthood. In ad-
dition, childhood hypertension itself
recently was identified as a risk factor
for premature death.4 Although obesity
is a major risk factor for childhood hy-
pertension,5 hypertension is not fully
explained by obesity, and additional
risk factors should be characterized.

Conventionally, it is hypothesized that
a physiological predisposition toward
hypertension results from a combina-
tion of intrauterine growth restriction
and excessive postnatal weight gain.6

The hypothesis proposes that in a
nutrient-poor uterine environment,
the fetus must make adaptations that
promote survival; however, these ad-
aptations are deleterious after birth
when nutrients are plentiful. An in-
verse association has been observed
between birth weight and hyperten-
sion in childhood through adulthood
and also has been observed for car-
diovascular disease,7 metabolic syn-
drome,8 and type 2 diabetes.9 Emerg-
ing evidence indicates that the
association between birth weight and
metabolic disorders may not be linear.
A U-shaped association between birth
weight and increased risks of develop-
ing hypertension and other metabolic
disorders later in life was ob-
served,10,11 which leads to the expan-
sion of the developmental origins of
health and disease to include the role
of excessive fetal growth and early
overnutrition. This may be particularly
relevant in some developing countries,
such as China, where the influx of
Western lifestyles are escalating and,
as a result, the occurrence of overnu-
trition, macrosomia, childhood obe-

sity, hypertension, and other meta-
bolic diseases are increasing rapidly.12

Previous studies on the association of
birth weight and childhood hyperten-
sion, however, were conducted largely
in Western countries, and studies
among developing countries are
sparse. In the present study, we inves-
tigated the association between birth
weight and hypertension, accounting
for variation by adiposity and postna-
tal weight gain, in a large cohort of
15 600 children aged 3 to 6 years in
Tianjin, China.

PATIENTS AND METHODS

Study Sample

Between March and September 2005,
a retrospective longitudinal cohort
study was conducted within 71 kinder-
gartens in Tianjin, China, a city of 11.5
million people.13,14 A multistage cluster
sampling was used to obtain a random
sample of children in Tianjin, repre-
senting both urban and rural districts.
Children from 71 of Tianjin’s 269 kin-
dergartens, including 29 urban and 42
rural kindergartens, were sampled. All
children aged 3 to 6 years in the se-
lected kindergartens were invited to
join the survey, and it was completed
by a total of 15 928 (95.6%) children.
The final sample in the present analy-
ses included 15 600 children after the
exclusion of individuals without data
on birth weight (n � 76) and gesta-
tional age (n � 49) and infants born
preterm, defined as less than 37
weeks’ gestation (n � 203). The study
was approved by the Tianjin Women’s
and Children’s Health Center. The par-
ents gave verbal informed consent.

Assessments of Anthropometric
Factors and Covariates

Anthropometric measurements and
the survey questionnaire were con-
ducted and verified by intensively
trained health workers from the Wom-
en’s and Children’s Health Center of

Tianjin. The survey was completed by
the parents at the kindergartens and
included information on the child’s his-
tory of illness status (any of the follow-
ing: seizure; tuberculosis; hepatitis;
chronic bronchitis; asthma; nephritis;
endocrine disease; or neurologic dis-
ease) and parents’ (any of the follow-
ing: diabetes; hypertension; coronary
heart disease; or dyslipidemia) cur-
rent health status, parent’s socioeco-
nomic factors (such as occupation,
including blue collar, farmer, adminis-
trative, uniform service professionals,
education/health/technology field,
business, or unemployed), as well as
medical histories. In addition, the par-
ents abstracted birth data from their
child’s birth certificate, including birth
date, weight, length, and gestational
age. Data on birth certificates were
added by doctors and nurses at the
time of the birth.

Current body weight was measured to
the nearest 0.1 kg using a beam-
balance scale, with participants wear-
ing light indoor clothing and shoes.
Body height wasmeasured to the near-
est 0.1 cm using a stadiometer without
shoes. BMI was calculated by dividing
weight in kilograms by the square of
height in meters. Internal standard-
derived z scores were calculated for
birth weight and childhood weight us-
ing population means and SDs. Birth
weight z scores were gestational age
and sex specific, and childhood weight
z scores were age and sex specific.

Blood Pressure Measurements

Blood pressure was measured using
a standardized mercury sphygmoma-
nometer, with a cuff-bladder width of 8
cm. The fourth Korotkoff soundwas ad-
opted for the diastolic blood pressure
recording. The measurement was
taken on the right arm of the partici-
pant in a comfortable sitting position
after at least a 5-minute rest. Mean
blood pressure was calculated from 2
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readings, unless the difference be-
tween these readings was more than
10 mm Hg, in which case a third mea-
surement was taken and the mean of
the last 2 measurements was used. Hy-
pertension was defined as greater
than the age- and sex-specific 90th
percentile in either systolic or dia-
stolic blood pressure, as recom-
mended by the 1996 Task Force Re-
port on High Blood Pressure in
Children and Adolescents.15

Statistical Analysis

To evaluate differences in general
study characteristics between hyper-
tensive and normotensive children, P
values were calculated using a �2 test
for categorical variables and a t test
for continuous variables. Logistic re-
gression was used to generate odds
ratios (ORs) and 95% confidence inter-
vals (CIs), describing the association
between hypertension and multiple
independent variables, including
birth weight, birth-weight z score,
childhood-weight z score, and postna-
tal weight change, defined as the
change in z score from birth to child-
hood and potential confounding fac-
tors. To determine whether the
association between birth weight and
hypertension was nonlinear, we
evaluated fractional polynomials. The
fracpoly command in Stata compares
the deviance of a linear model to mod-
els of various powers (�2, �1, �0.5,
0, 0.5, 1, 2, and 3) and degrees. Because
these models can be highly affected by
outliers, individuals with birth-weight z
scores greater and less than 4 SDs
from themean were dropped for these
analyses (n� 30). To visualize the as-
sociation, we fit restricted cubic
splines within logic regression and
plotted the ORs stratified by age and
gender.16 Additional analyses were
conducted for continuousmeasures of
systolic and diastolic blood pressure
using linear regression.

We further evaluated whether the asso-
ciation of postnatal weight gain with hy-
pertensionwasmodifiedbybirth size for
gestational age (small for gestational
age, appropriate for gestational age, and
large for gestational age) using strati-
fied analysis and by evaluating interac-
tion terms. Interaction was assessed via
a multiplicative interaction term of birth
size for gestational age and postnatal
weight gain. Small for gestational age
was defined as age- and gender-specific
birthweight less than the10thpercentile
of this population, large for gestational
age was defined as gender and sex-
specific birth weight more than the 90th
percentile, and all other infantswere ap-
propriate for gestational age. All models
evaluating the association of birth
weight and postnatal weight gain with
hypertension risk were stratified on the
children’s age at the time that blood
pressurewasmeasured. Finally,weeval-
uated the joint effectsof birthweight and
childhood weight by using the “centile
crossing” methods, as previously de-
scribed.17 We created 3 centiles of child-
hood weight to correspond with clini-
cally relevant birth weights, including
less than 2500 g, 2500 to 4000 g, and
4,000 g ormore. For example, 2500 g rep-
resents just under the first percentile of
birth weight. The corresponding percen-
tile of childhood weight is 12.7 kg. There-
fore, a child who is underweight at birth
andunderweight in childhoodwill have a
birth weight less than 2500 g and a
weight in childhoodof less than12.7kg. A
weight of 4000g represents the88thper-
centile of birth weight. We initially cre-
ated 9 categories (data not shown) to
evaluate in logistic regression models
with normal birth weight and normal
childhood weight as the reference, but
because of missing cells, we combined
categories of birth and childhood
weight.

All statistical analyses were conducted
using Stata 9.0 (Stata Corp, College
Station, TX), except for the spline re-

gression and plotting, which was con-
ducted using SAS software (version
9.1; SAS Institute, Cary, NC).

RESULTS

Characteristics of the study population
are presented in Table 1. Overall,�1%
of the population was born with low
birth weight. Compared with children
with normal blood pressure, hyper-
tensive children were significantly
shorter at birth, were heavier, more
frequently resided in urban areas, had
parents who achieved a higher educa-
tion level, had differing parental occu-
pations, had a greater history of dis-
ease in both the father and mother,
and had a higher family income, which
was significantly different for the high-
est level of income.

Birth-weight z score was significantly
and positively associated with the risk
of hypertension among both girls and
boys across different age groups. For
instance, after the adjustment of post-
natal weight change, height, and fa-
ther’s occupation, ORs (95% CIs) for
the association were 5.67 (3.83–8.39)
for boys aged 5 years and older and
2.58 (1.79–3.73) for girls of the same
age group, comparing the highest to
lowest quartile of birth-weight z score
percentile (Table 2). The regression
splines demonstrated linear associa-
tions between birth weight and hyper-
tension (P values for curvature all �
0.05) (Fig 1). The association was
slightly stronger among boys than
girls. When blood pressure was ana-
lyzed as a continuous variable, there
also was a positive association be-
tween birth-weight z score and systolic
blood pressure for both boys and girls
(parameter estimate: 0.004 [95% CI:
0.003–0.005] for boys and parameter
estimate: 0.003 [95% CI: 0.002–0.003]
for girls) after the adjustment for post-
natal weight change and other factors.

Similarly, postnatal change in weight z
score was significantly and positively
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associated with hypertension risk
among both boys and girls across dif-
ferent age groups. Among boys, each
unit augment in weight z score from
birth to 3 to younger than 4 years was
associated with a more than 1.6-fold-
increased risk (OR: 1.66 [95% CI: 1.42–
1.93]). The corresponding ORs (95%
CIs) for ages 4 to younger than 5 years
and 5 years or older were 1.26 (1.11–
1.44) and 2.06 (1.83–2.31), respec-
tively. The corresponding effect mea-
sures for girls were OR: 1.24 (95% CI:
1.06–1.45), OR: 1.36 (95% CI: 1.19–
1.55), and OR: 1.56 (95% CI: 1.39–1.75).
In addition, the above observed associ-
ations did not differ significantly by
birth size for gestational age (P values
for interaction were all � 0.1), al-
though the magnitude of the associa-
tions varied slightly across stratum by
birth size for gestational age (Table 3).

Lastly, we evaluated the joint effect of
birth weight and childhood weight on
the risk of childhood hypertension (Fig
2). Children who were born small but
grew to be relatively large during
childhood were at the highest risk. For
instance, children who were of low
birth weight (�2500 g) but of child-
hood weight equal or greater than 22.7
kg had more than fourfold-increased
risk of hypertension (OR: 4.30 [95% CI:
1.15–16.08]) compared with children
with birth weight in the normal range
(2500–4000g) and with childhood
weight less than 22.7 kg. The extremely
small number of children of low birth
weight limited our capacity to further
examine its joint effect with greater
childhood weight.

DISCUSSION

In this population-based study of
15 600 children aged 3 to 6 years from
Tianjin, China, children of higher
weight percentiles at birth had a sig-
nificantly increased risk of hyperten-
sion in both boys and girls. Moreover,
children whose postnatal weight per-

TABLE 1 Characteristics of Study Participants by Hypertensive Status Among 15 600 Children Aged
3 to 6 Years, Tianjin, China

Hypertension, n� 2552a Normotensive, n� 13 048 P

Age, y
3 to younger than 4 644 (24.78) 3384 (25.53) .42
4 to younger than 5 841 (32.36) 4117 (43.40) .19
5–6.11 1114 (42.86) 3752 (43.40) .61
Male gender (%) 1309 (51.29) 1243 (48.71) .22
Gestational age, wk 39.48 (4.25) 39.47 (3.38) .54
Birth weight, g 3450.19 (452.46) 3424.02 (445.09) .99
Birth recumbent length, cm 53.95 (12.26) 55.06 (14.22) .0002
Body weight at age 3–6 years, kg 20.37 (5.10) 18.41 (3.48) �.0001
Body height at age 3–6 years, kg 110.67 (8.40) 108.51 (7.93) �.0001
BMI at age 3–6 years, kg/m2 16.42 (2.36) 15.52 (1.48) �.0001
Body weight for age z score 0.76 (1.27) 0.18 (0.96) �.0001
Body height for age z score 0.55 (1.00) 0.17 (0.96) �.0001
BMI for age z score 0.62 (1.38) 0.09 (1.00) �.0001
Birth-weight categories, g

�2500 28 (1.08) 139 (1.05) .90
2500–2999 255 (9.81) 1350 (10.19) .56
3000–3499 997 (38.36) 5437 (41.02) .01
3500–3999 978 (37.63) 4691 (35.40) .03
�4000 341 (13.12) 1636 (12.34) .27
BMI category, %
Normal 1798 (69.18) 11.106 (83.80) �.0001
Overweight,�85% 801 (30.82) 2147 (16.20) �.0001
Obesity I,�95% 468 (18.01) 795 (6.00) �.0001
Obesity II,�97.7% 353 (13.58) 482 (3.64) �.0001
Weight gain, change in z score �0.44 (.47) 0.09 (1.18) �.0001
Preterm birth, % 35 (1.35) 168 (1.27) .74
Urban 1425 (54.83) 6810 (51.38) .001
History of any disease, % 30 (1.15) 179 (1.35) .42
Having any current disease, % 26 (1.00) 133 (1.00) .99
Father’s education, %
Junior middle school or lower 729 (28.05) 4475 (33.77) �.0001
Senior middle school 771 (29.67) 3413 (25.75) �.0001
University or higher 1099 (42.29) 5365 (40.48) .09
Mother’s education, %
Junior middle school or lower 757 (29.13) 4621 (34.87) �.0001
Senior middle school 796 (30.63) 3603 (27.19) �.0001
University or higher 1046 (40.25) 5029 (37.95) .027
Father’s occupation, %
Blue collar 659 (25.36) 3035 (22.90) .007
Farmer 374 (14.39) 2846 (21.47) �.0001
Office worker 808 (31.09) 4007 (30.23) .39
Service professional worker 411 (15.81) 1920 (14.49) .08
Unemployed worker 96 (3.69) 391 (2.95) .045
Other 251 (9.66) 1054 (7.95) .004
Mother’s occupation, %
Blue collar 528 (20.32) 2346 (17.70) .002
Farmer 407 (15.66) 3064 (23.12) �.0001
Office worker 794 (30.55) 4008 (30.24) .76
Service professional worker 300 (11.54) 1336 (10.08) .03
Unemployed worker 286 (11.00) 1238 (9.34) .009
Other 284 (10.93) 1261 (9.51) .026
Family income, %

�1000 yuan per mo 545 (20.97) 2984 (22.52) .08
1000–3000 yuan per mo 1404 (54.02) 7198 (54.31) .79
�3000 yuan per mo 650 (25.01) 3071 (23.17) .04
Father with history of disease, %
Yes 76 (2.92) 293 (2.21) .03
Mother with history of disease, %
Yes 33 (1.27) 95 (0.72) .004

a Hypertension was defined as greater than the 90th percentile in either systolic or diastolic blood pressure, as recom-
mended by the 1996 Task Force Report on High Blood Pressure in Children and Adolescents.15
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centiles moved upward from birth to
childhood had a significantly in-
creased risk for hypertension. The as-
sociations of birth weight and postna-
tal weight change with childhood
hypertension were not significantly
modified by birth size for gestational
age.

Previous studies on the association of
birth weight and childhood hyperten-
sion were conducted largely in West-
ern countries. Studies on birth weight
in Chinese populations and other de-
veloping countries are sparse. Caution
should be taken when generalizing
findings from Western countries to

other populations because of differ-
ences in genetic predisposition, the
distribution of anthropomentrics, be-
haviors, and other factors that contrib-
ute to hypertension across popula-
tions. Findings from the present study
do correspond with those of a study
conducted within a US population.18

This study identified an increased
risk for high systolic and diastolic
blood pressure with increasing birth
weights among participants in the US
Collaborative Perinatal Project. In ad-
dition, children who traversed weight
percentiles upward were at increased
risk of high blood pressure in early

childhood.18 However, in contrast, a
majority of published studies reported
an inverse association between birth
weight and hypertension in child-
hood.19 Such inconsistency in findings
may be attributed, at least in part, to
differences in study population and an-
alytical approaches across studies.
Different from the majority of previous
studies, we did not control for chil-
dren’s current weight in the analyses
of the association between birth
weight and hypertension because of
the concern of over adjustment.

Current weight may mediate the asso-
ciation between birth weight and hy-

TABLE 2 Association of Birth-Weight z Score (Quartiles) and Postnatal Weight Gain With Hypertension Stratified by Child’s Age When Blood Pressure Was
Measured Among Boys and Girls

OR (95% CI)a OR (95% CI)a

Boys Girls

Age 3–4 years,
n� 2040

Age 4–5 years,
n� 2581

Age�5 years,
n� 3555

Age 3–4 years,
n� 1939

Age 4–5 years,
n� 2285

Age�5 years,
n� 3200

Birth-weight z score percentile
�25th 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
25th–50th 1.20 (0.83–1.72) 1.46 (1.05–2.03) 1.96 (1.45–2.63) 1.00 (0.68–1.45) 1.01 (0.71–1.44) 1.50 (1.12–2.02)
50th–75th 1.95 (1.29–2.93) 1.58 (1.09–2.29) 3.21 (2.32–4.45) 1.07 (0.72–1.58) 1.31 (0.93–1.85) 1.97 (1.47–2.65)
�75th 2.33 (1.43–3.81) 2.31 (1.50–3.56) 5.67 (3.83–8.39) 1.36 (0.84–2.19) 1.78 (1.17–2.71) 2.58 (1.79–3.73)
Weight gain since birthb 1.66 (1.42–1.93) 1.26 (1.11–1.44) 2.06 (1.83–2.31) 1.24 (1.06–1.45) 1.36 (1.19–1.55) 1.56 (1.39–1.75)
a Adjusted for height, father’s occupation, and the other weight variables in the table (ie, birth weight and postnatal weight gain were mutually adjusted).
b Weight gain from birth through the time of the blood pressure measurement was expressed as a change in z score.

Boys 3−4 years

O
R

 fo
r 

hy
pe

rt
en

si
on

O
R

 fo
r 

hy
pe

rt
en

si
on

O
R

 fo
r 

h
yp

er
te

n
si

on

O
R

 fo
r 

h
yp

er
te

n
si

on

Birth weight (g) Birth weight (g)

O
R

 fo
r 

hy
pe

rt
en

si
on

O
R

 fo
r 

hy
pe

rt
en

si
on

Boys 4−5 years Boys  ≥5 years 

Birth weight (g) 

Girls  3−4 years 

Birth weight (g) 

Girls 4−5 years

Birth weight (g) 

Girls ≥5 years 

Birth weight (g)

FIGURE 1
Estimated spline transformation to describe birth weight in relation to hypertension adjusted for covariates (weight gain, height and SES) and
stratified by both age and gender. Solid lines represent odds ratios adjusted for weight gain, height and SES. Dashed lines represent 95% confidence
intervals.

e1276 BOWERS et al



pertension.20 In addition, the observed
significant association may be attrib-
uted to a common cause of both birth
weight and hypertension. For example,
genetic factors may predispose an in-
dividual to a particular birth weight
and hypertension.21 Adjustment for
current weight may artificially attenu-
ate or reverse the association between
birth weight and hypertension. Never-
theless, our findings of a positive asso-
ciation between birth weight and risk
for childhood hypertension were com-
parable to findings from the Collabor-
ative Perinatal Project,18 adapting the
similar analytical approach of not ad-
justing for current childhood weight.

Studies associating birth weight with
childhood- and adult-onset diseases

are motivated by the fetal origins or
developmental programming hypothe-
ses, which describe how exposures
at critical periods of development
can affect long-term developmental
changes.22 Birth weight, as a proxy for
the nutritional status of the intrauter-
ine environment, in a majority of stud-
ies has been found to be inversely as-
sociated with hypertension as a result
of impaired renal development.23 How-
ever, this association between low
birth weight and future hypertension
may only describe 1 tail of the distribu-
tion. Indeed, the association between
birth weight and metabolic disorders
may not be linear; rather, it may be
described by a J- or U-shaped associa-
tion.22 Studies have identified an in-

creased risk for metabolic disorders
at both ends of the birth-weight distri-
bution, suggesting a role for early
overnutrition in the development of hy-
pertension.10,11 A U-shaped association
also has been identified between birth
weight and cardiovascular risk fac-
tors,24 type 2 diabetes,25 and all-cause
mortality,26 such that both the lowest
and the highest birth weights are asso-
ciated with increased risk. This obser-
vation leads to the expansion of the de-
velopmental origins of health and
disease theory to include the role of
excessive fetal growth and early over-
nutrition. This may particularly be rel-
evant in Chinese populations where
the influx of the Western lifestyle is es-
calating, and, as a result, the occur-
rence of macrosomia, childhood
obesity, hypertension, and other meta-
bolic diseases are increasing rapidly.12

Moreover, in China, conventionally,
greater birth weight is an indicator of
healthy infants. Because of the 1-child
policy, pregnant women are highly en-
couraged to consume more food and
nutrients during pregnancy to ensure
a healthy infant and an infant of higher
birth weight, as evidenced by the very
low prevalence of low birth weight in
the present study.

The prevalence of low birth weight in
this population was very low (�1%),
which limited the statistical power to
detect a significant association be-
tween low birth weight and hyperten-
sion. It is the higher end of the birth
weight distribution that is captured to
a greater degree in the present analy-
ses. We did identify a moderate but
nonsignificant increase in the risk for
hypertension among male infants of
low birth weight (�2500 g) compared
with those with normal weight (2500–
3000 g) (OR: 1.71 [95% CI: 0.94–3.11]).

These analyses were conducted in a
large, representative cohort of chil-
dren from Tianjin, China. Additional
study strengths include the validity

TABLE 3 Association of Birth Weight (g) and Postnatal Weight Gaina With Hypertension Stratified by
the Child’s Age When Blood Pressure Was Measured and Birth Size for Gestational Age
Among Boys and Girls

Adjusted OR (95% CI)b

Age 3 to Younger
Than 4 Years

Age 4 to Younger
Than 5 Years

Age�5 Years

Boys
Small for gestational age, n� 589 n� 154 n� 177 n� 258
Birth weight, g 1.001 (0.998–1.003) 1.001 (0.998–1.004) 1.001 (0.999–1.003)
Weight gain from birth, change
in z score

2.12 (1.78–3.83) 0.69 (0.30–1.61) 2.09 (1.12–3.91)

Appropriate for gestation age,
n� 6405

n� 1624 n� 2018 n� 2763

Birth weight, g 1.001 (1.0007–1.002) 1.001 (1.00–1.0012) 1.0015 (1.001–1.002)
Weight gain from birth, change
in z score

1.80 (1.48–2.18) 1.37 (1.17–1.61) 2.17 (1.88–2.51)

Large for gestational age,
n� 1182

n� 262 n� 386 n� 534

Birth weight, g 1.001(0.999–1.0020) 1.001 (1.00–1.002) 1.002 (1.001–1.003)
Weight gain from birth, change
in z score

1.52 (1.06–2.17) 1.36 (1.00–1.86) 2.76 (2.04–3.72)

Girls
Small for gestational age, n� 684 n� 184 n� 217 n� 293
Birth weight, g 1.00 (0.997–1.002) 1.00 (0.998–1003) 1.004 (1.001–1.006)
Weight gain from birth, change
in z score

1.04 (0.54–2.01) 1.69 (1.00–2.86) 2.91 (1.66–5.10)

Appropriate for gestational age,
n� 5857

n� 1540 n� 1800 n� 2517

Birth weight, g 1.00 (0.9997–1.0001) 1.001 (1.00–1.0012) 1.001 (1.0006–1.002)
Weight gain from birth, change
in z score

1.28 (1.05–1.56) 1.42 (1.20–1.69) 1.59 (1.39–1.82)

Large for gestational age, n� 873 n� 215 n� 268 n� 390
Birth weight, g 1.002 (1.0002–1.003) 1.0003 (0.999–1.002) 1.002 (1.001–1.003)
Weight gain from birth, change
in z score

1.40 (0.92–2.15) 1.40 (0.98–2.00) 1.75 (1.22–2.52)

a Adjusted for height, father’s occupation, and the other weight variables in the table (ie, birth weight and postnatal weight
gain were mutually adjusted).
b Weight gain from birth through the time of the blood pressure measurement.
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of measurements, including birth
weights and lengths abstracted from
birth certificates and accurate current
hypertension and weight measure-
ments, which were administered by
intensively trained health workers.
Analytical strengths include the as-
sessment of confounding factors, such
as socioeconomic factors and evalua-
tion of the full range of potential asso-
ciation between birth weight and hy-

pertension via splines and fractional
polynomials.

There are several limitations. The
childhood weight measurements were
taken at a single time point. Although
cross-sectional analyses evaluating
weight gain from birth to different age
points suggest that the age of weight
gain is important, a longitudinal as-
sessment would be necessary to de-
termine whether cumulative weight

gain versus weight gain at a specific
age contribute to hypertension.

CONCLUSIONS

Findings from the present study sug-
gest potential adverse health conse-
quences of maternal overnutrition and
excessive postnatal weight gain. This is
especially true in developing coun-
tries, where the number of infants
born with high birth weights and child-
hood obesity is increasing. Given the
large influx of the Western lifestyle,
metabolic disorders, including hyper-
tension, in subsequent generations
may be a growing public health con-
cern. Preventing infants from being
born with a high birth weight or from
being large for gestational age, and
preventing excessive weight gain dur-
ing childhood, could provide strategies
for cardiovascular disease prevention
in childhood and beyond.
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