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Abstract

Background: Low birth weight (LBW) has been associated with subsequent
risks of obesity and certain chronic diseases, but evidence for the associations
is limited for the Chinese population.
Methods: In this study we analyzed data from two population-based prospec-
tive cohort studies, the Shanghai Women’s Health Study and the Shanghai
Men’s Health Study, to examine the associations between LBW and the risk of
obesity and chronic diseases. Birth weight was self-reported at baseline; anthro-
pometric measurements were made at study enrollment. Type 2 diabetes melli-
tus (T2DM) diagnoses were self-reported, whereas hypertension diagnoses
were based on self-report and blood pressure measurements at baseline and
follow-up surveys.
Results: Birth weight was available for 11 515 men and 13 569 women. Non-
linear associations were observed for birth weight with baseline body mass index
(BMI), waist circumference (WC), waist: hip ratio (WHR), and waist: height
ratio (WHtR; P < 0.05 for non-linearity), and LBW was linked with lower
BMI, smaller WC, and larger WHR and WHtR. An excess risk of T2DM was
observed for LBW (<2500 g) versus birth weight 2500–3499 g since baseline
(hazard ratio [HR] 1.17; 95% confidence interval [CI] 0.92–1.49) and since birth
(HR 1.29; 95% CI 1.07–1.54), whereas the HRs for hypertension since baseline
and birth were 1.13 (95% CI 1.01–1.27) and 1.20 (95% CI 1.11–1.30), respec-
tively. The risk of the diseases decreased as birth weight increased up to
~4000 g; further increases in birth weight did not convey additional benefits.
Conclusion: The results suggest that LBW, an index of poor intrauterine
nutrition, may affect health risks later in life in the Chinese population.
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Highlights
• Low birth weight was linked with lower body mass index, a smaller waist circumference, and larger waist: hip
and waist: height ratios in the Chinese population.

• The non-linear pattern of associations between birth weight and body size in adulthood in this population, as
well as the higher risks of type 2 diabetes mellitus and hypertension in men and women with low birth weight,
suggest that nutrition in early life is of considerable importance to health in later life.
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Introduction

Epidemiologic studies conducted in both developed and
developing countries, including Scandinavia,1,2 the US,3

India,4 and China,5–7 have shown that poor nutrition
early in life, such as can be caused by fetal exposure to
famine, leads to long-term negative health consequences,
particularly in the presence of overnutrition in later life.5

Birth weight is determined, in part, by intrauterine nutri-
tion and shows a positive association with adult body
mass index (BMI)8,9 and a negative or U-shaped associ-
ation with abdominal obesity.7,10 For obesity-related
diseases, a significant association has been observed
between low birth weight and elevated risk of type 2 dia-
betes (T2DM)11–14 and hypertension.14–16 It has been
suggested that malnutrition in early life and overnutri-
tion in later life may be the main drivers for the sharp
increase in the prevalence of non-communicable diseases
observed in developing countries.17,18

China has been experiencing an extremely rapid nutri-
tional transition and has witnessed a sharp rise in the
prevalence of obesity, T2DM, and hypertension over
past half century, particularly during the past two
decades.19–22 Several studies based on survey data in
China have shown that early life exposure to the
1959–1961 Chinese famine had long-term adverse health
consequences, including increased body mass index
(BMI)23,24 and elevated risk of T2DM5 and hyperten-
sion.6,23,25,26 Due to the lack of information on birth
weight at an individual level, direct evidence from this
population is limited. So far, very few studies have
investigated the association between birth weight and
subsequent obesity,7,27 whereas evidence is accumulating
regarding an increased subsequent risk of T2DM7,27–29

and hypertension7,27 related to low birth weight.
In this study we used the data from two large prospec-

tive cohort studies conducted in China, the Shanghai
Women’s Health Study (SWHS) and the Shanghai Men’s
Health Study (SMHS), to evaluate associations of birth
weight with multiple anthropometric measurements and
estimate the relationship between birth weight and subse-
quent risk of T2DM and hypertension. The results may
help us understand the causes and challenges of obesity,
diabetes, and hypertension in China, and develop preven-
tative strategies for the diseases as high priority for popu-
lation health in low- and middle-income countries.

Methods

Study population

The SWHS and the SMHS are both population-based
prospective cohort studies conducted in Shanghai, China.

Details of the study methodologies have been reported
previously.30,31 Briefly, women aged 40–70 years and
men aged 40–74 years living in eight study communities
were approached to participate in the studies. During
the period 1996–2000, 74 942 women were recruited to
the SWHS (participation rate 92.7%), whereas during the
period 2002–2006, 61 480 men were recruited to the
SMHS (participation rate 74.1%).

Baseline survey

At baseline, each participant completed an in-person inter-
view that collected information on demographics, birth
weight, whether participants were breastfed as infants, life-
style habits, dietary intake, physical activity habits, occu-
pational history, and history of chronic diseases. The
study protocols were approved by the relevant institu-
tional review boards of all institutes involved, and written
informed consent was obtained from all participants.

Anthropometric measurements

At baseline, blood pressure, standing height (cm), body
weight (kg), and waist and hip circumference (cm) were
measured by trained health professionals according to
standard protocols. Blood pressure was measured on
the right arm using a standard mercury sphygmoma-
nometer after participants had rested for at least 5 min.
The first and fifth Korotkoff sounds were recorded.
Standing height was measured to the nearest 0.1 cm
without shoes. Body weight was measured to the near-
est 0.1 kg using a digital scale that had been calibrated
every 6 months. Waist circumference (WC) was mea-
sured 2.5 cm above the umbilicus and hip circumference
was measured at the level of maximum protrusion of
the gluteal muscles. Each measurement was taken twice
with a tolerance of 1 mmHg for blood pressure, 1 cm
for height and circumferences, and 1 kg for weight. If
the difference between two measurements was greater
than the tolerance, a third measurement was taken. The
mean value of the two closest measurements was used
in the present analysis. Body mass index was calculated
as weight (kg) divided by height squared (m2). The
waist: hip ratio (WHR) and waist: height ratio
(WHtR), which have been shown to be better anthropo-
metric indicators for adult cardiometabolic risk than
BMI,32 were calculated by dividing WC by hip circum-
ference (for WHR) and by standing height (for WHtR).

Identification of prevalent T2DM and hypertension at
baseline and incident cases since baseline and birth

Prevalent T2DM and hypertension at baseline were
identified by asking participants whether they had ever
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been diagnosed with T2DM or hypertension by a physi-
cian and asking whether participants currently used
hypoglycemic or antihypertensive medications. Partici-
pants who answered “Yes” to a T2DM-related question
were considered to have T2DM, and those who
answered “Yes” to a hypertension-related question were
considered to have hypertension. In addition, partici-
pants with two abnormal blood pressure measurements
at baseline (systolic blood pressure ≥ 140 mmHg or dia-
stolic blood pressure ≥ 90 mmHg) were considered to
have prevalent hypertension.
Cohort members were followed-up for incident

T2DM and hypertension, with blood pressure measure-
ments taking place every 2–3 years after baseline. The
follow-up surveys for both cohort studies were orga-
nized by local health authorities. Therefore, home visits
could be performed by trained retired nurses, which
guaranteed high response rates of cohort members. For
the SWHS, the response rates for the first (2000–2002),
second (2002–2004), third (2004–2007) and fourth
(2008–2011) in-person follow-up surveys were 99.8%,
98.7%, 96.7%, and 92.0%, respectively. For the SMHS,
the response rates for the first (2004–08) and second
follow-up surveys (2008–2012) were 97.7% and 91.9%,
respectively.
Both prevalent cases at baseline and incident cases

since baseline were regarded as incident cases since
birth. The vital status of participants was updated by
annual record linkages to the Shanghai Vital Statistics
Registry and the Shanghai Resident Registry.

Statistical analysis

In all, 13 569 women and 11 515 men provided infor-
mation on birth weight at the baseline survey and were
included in the analyses. Participants were categorized
into four groups according to birth weight (<2500,
2500–3499, 3500–3999 and ≥ 4000 g), with the
2500–3499 g group used as the reference category.
Entry time was considered as time since birth or age at
enrollment, which were used to calculate incidence since
birth and since baseline, respectively. Exit time was
defined as age at death, age at diagnosis of T2DM or
hypertension, or last follow-up contact date, whichever
came first. We did not observe significant heterogeneity
between men and women in associations between birth
weight and subsequent risk of metabolic disorders; thus,
we combined the two databases in the analysis.
The potential curvilinear relationships of birth weight

with risk of adult obesity, T2DM, and hypertension
were evaluated using restricted cubic splines functions
(RCS)33 using the 5th, 25th, 75th, and 95th percentiles
as fixed knots and the 50th percentile as the reference.

Age was included as a spline variable to minimize resid-
ual confounding. Logistic regression models (odds
ratios [ORs] and 95% confidence intervals [CIs]) were
used to estimate associations of birth weight with the
prevalence of obesity, T2DM, and hypertension,
whereas Cox proportional hazard models (hazard ratios
[HRs] and 95% CIs) were used to estimate associations
of birth weight with the incidence of the diseases since
birth and since baseline. Potential confounders included
in the models were age (as a continuous variable), sex
(male/female), education (no formal education or ele-
mentary school, middle school, high school, and college
or above, as dummy variables), per capita income
(<5000, 5000–10 000, and > 10 000 RMB for women;
<12 000, 12 000–24 000 and > 24 000 RMB for men,
as dummy variables), cigarette smoking (never/ever),
alcohol consumption (never/ever), regular exercise
(never/ever), and having been breastfed (never/ever),
which were collected at baseline.
All analyses were performed by using SAS version

9.1 (SAS Institute, Cary, NC, USA), and all tests of
statistical significance were based on two-sided
probabilities.

Results

The prevalence of low birth weight (<2500 g) was 5.3%
in men and 6.9% in women (Table 1). Men with higher
birth weight, compared with those with lower birth
weight, were older, more educated, more likely to use
tobacco and alcohol, and were more likely to have been
breastfed as infants, whereas women with higher birth
weight did not differ in average age, cigarette smoking
or alcohol consumption habits, but were more likely to
have been breastfed.
As indicated in Table 2, after adjusting for age, the

average levels of BMI, WC, and WHtR increased as
birth weight increased in both men and women (Ptrend <
0.0001). However, the age-adjusted mean WHR
increased as birth weight increased, but only among
men. The prevalence of T2DM and hypertension at base-
line showed a U-shaped relationship with birth weight.
Figure 1 shows a significant non-linear relationship

between birth weight and obesity in adulthood. Body
mass index at baseline decreased as birth weight
increased up until approximately 2750 g, at which point
BMI increased along with increasing birth weight, with
a P-value for overall significance of <0.0001, a P-value
for linearity of 0.0043 and a P-value for non-linearity
of <0.0001. After adjusting for BMI, WC increased as
birth weight increased (P-value for overall significance
<0.0001; P-value for linearity = 0.0627; P-value for
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non-linearity = 0.0069), whereas WHR (P-value for
overall significance <0.0001; P-value for linearity =
0.4045; P-value for non-linearity = 0.0199) and WHtR
(P-value for overall significance <0.0001; P-value for
linearity = 0.66; P-value for non-linearity <0.0001)
increased until birth weight reached approximately
2750 g, after which WHR and WHtR decreased as

birth weight increased. In addition, WHR increased fur-
ther as birth weight increased past 4000 g.
Table 3 lists multivariable-adjusted ORs and 95% CIs

for baseline obesity according to birth weight. Com-
pared with the median birth weight (3100 g), adjusted
ORs for overall obesity at baseline associated with the
10th, 30th, 70th, and 90th percentiles of birth weight

Table 1 Baseline characteristics of participants according to birth weight, the Shanghai Women’s Health Study and the Shanghai Men’s
Health Study

Characteristics

Birth weight (g)

Ptrend<2500 2500–3499 3500–3999 ≥ 4000

Men (SMHS)
No. participants (%) 610 (5.3) 5818 (50.5) 2860 (24.8) 2227 (19.3) –

Age at enrollment (years) 47.7 �6.3 49.2 �7.4 50.4 �7.7 50.1 �6.9 <0.0001
High educational achievement 22.8 [5.5] 27.1 [6.0] 24.5 [5.7] 23.4 [5.5] 0.0005
High income per capita* 9.6 [0.8] 11.8 [1.0] 13.0 [1.1] 11.1 [0.9] 0.05
Breastfed 83.3 [2.7] 92.6 [1.3] 95.4 [0.8] 95.6 [0.8] <0.0001
Regularly smoked cigarettes 74.7 [8.3] 74.1 [8.4] 76.4 [8.0] 79.2 [7.4] <0.0001
Regularly consumed alcohol 31.5 [2.3] 32.6 [2.3] 34.0 [2.4] 37.0 [2.5] 0.002
Regular leisure-time activity 27.9 [11.9] 28.1 [12.0] 28.4 [12.0] 27.9 [11.9] 0.98

Women (SWHS)
No. participants (%) 940 (6.9) 9320 (68.7) 1690 (12.5) 1619 (11.9) –

Age at enrollment (years) 46.6 � 6.5 48.5 � 7.6 48.4 �7.6 46.5 �6.1 0.77
High educational achievement 15.5 [2.0] 18.3 [2.3] 17.7 [2.2] 17.7 [2.2] 0.20
High income per capita* 37.3 [4.3] 41.8 [4.5] 45.2 [4.6] 41.3 [4.5] 0.0011
Breastfed 78.0 [2.7] 91.2 [1.2] 94.2 [0.8] 94.2 [0.8] <0.0001
Regularly smoked cigarettes 2.0 [1.2] 1.8 [1.0] 1.9 [1.1] 2.5 [1.4] 0.35
Regularly consumed alcohol 2.2 [0.04] 2.4 [0.05] 3.1 [0.06] 2.8 [0.05] 0.32
Regular leisure-time activity 28.9 [11.6] 29.1 [11.6] 30.4 [11.8] 32.1 [12.0] 0.08

Data presented as n (%), as the mean � SD, or as percentage [SD].
*High income per capita was defined as >24 000 RMB per capita per year for the Shanghai Men’s Health Study (SMHS) and > 10 000 RMB
for the Shanghai Women’s Health Study (SWHS).

Table 2 Baseline body size and prevalence of type 2 diabetes and hypertension according to birth weight, the Shanghai Women’s Health
Study and Shanghai Men’s Health Study

Birth weight (g)

Ptrend<2500 2500–3499 3500–3999 ≥4000

Men (SMHS)
BMI at baseline (kg/m2) 23.20 (22.95, 23.45) 23.42 (23.33, 23.50) 24.08 (23.97, 24.20) 24.41 (24.28, 24.54) <0.0001
WC at baseline (cm) 83.4 (82.7, 84.0) 84.2 (83.9, 84.4) 86.1 (85.7, 86.4) 87.1 (86.8, 87.5) <0.0001
WHR at baseline 0.894 (0.889, 0.898) 0.895 (0.893, 0.896) 0.900 (0.898, 0.902) 0.905 (0.902, 0.907) <0.0001
WHtR at baseline 0.494 (0.490, 0.498) 0.493 (0.492, 0.495) 0.500 (0.498, 0.502) 0.504 (0.502, 0.506) <0.0001
Prevalence of T2DM 5.2 [3.4] 4.4 [3.0] 3.8 [2.6] 4.3 [2.9] 0.39
Prevalence of hypertension 25.4 [10.6] 22.1 [9.9] 21.9 [9.9] 24.1 [10.4] 0.05

Women (SWHS)
BMI at baseline (kg/m2) 23.14 (22.93, 23.35) 23.35 (23.29, 23.42) 24.36 (24.21, 24.51) 24.36 (24.21, 24.52) <0.0001
WC at baseline (cm) 75.40 (74.88, 75.91) 76.23 (76.06, 76.39) 78.50 (78.11, 78.88) 78.01 (77.62, 78.40) <0.0001
WHR at baseline 0.804 (0.801, 0.808) 0.806 (0.805, 0.807) 0.809 (0.807, 0.811) 0.806 (0.803, 0.808) 0.19
WHtR at baseline 0.480 (0.477, 0.483) 0.481 (0.480, 0.482) 0.490 (0.488, 0.493) 0.487 (0.484, 0.489) <0.0001
Prevalence of T2DM 4.0 [3.6] 2.5 [2.3] 1.9 [1.8] 3.2 [2.9] 0.0087
Prevalence of hypertension 22.0 [12.0] 18.2 [10.8] 18.6 [11.0] 17.3 [10.5] 0.02

Data for body measurements presented as the mean with 95% confidence limits in parentheses presented, whereas data regarding the
prevalence of diseases presented as percentage [SD]. All data were adjusted for age as a continuous variable.
BMI, body mass index; SMHS, Shanghai Men’s Health Study; SWHS, Shanghai Women’s Health Study; T2DM, type 2 diabetes mellitus; WC,
waist circumference; WHR, waist: hip ratio; WHtR, waist: height ratio.
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were 0.73 (95% CI 0.67–0.79), 0.89 (95% CI, 0.86–0.92),
1.32 (95% CI, 1.25–1.39), and 1.53 (95% CI, 1.40–1.67),
respectively. Conversely, the associations of birth weight
with central obesity differed greatly by the measures
used. A significant association was observed for central
obesity defined by WHR and WHtR (P-value for overall
significance <0.05), but not for that defined by WC
(P-value for overall significance = 0.20). Moreover, the
association was linear for central obesity defined by WC
(P-value for non-linearity = 0.1381) and WHR (P-value
for non-linearity = 0.7731), but non-linear for that
defined by WHtR (P-value for non-linearity = 0.0068).

As indicated in Fig. 2, the risk for T2DM and hyper-
tension decreased as birth weight increased up to
approximately 4000 g; further increases in birth weight
did not appear to convey additional benefits (P-value
for non-linearity <0.05 for the prevalence and incidence
of T2DM and hypertension since birth, but P > 0.05
for incidence since baseline).
We further evaluated the associations of birth weight

groups with the risk for T2DM and hypertension, and
the results are presented in Table 4. Compared with
normal birth weight (2500–3499 g), participants with
low birth weight (<2500 g) were at higher risk for

7500

-1.00

-0.63

-0.25

0.13

D
if

fe
re

nc
e 

in
 B

M
I 

at
 b

as
el

in
e 

(k
g/

m
2 )

0.50

0.88

1.25

1.63

2.00 (a)

1500 2250 3000 3750 4500 5250 6000 7500

-2.00

-1.63

-1.25

-0.88

D
if

fe
re

nc
e 

in
 W

C
 a

t 
ba

se
lin

e 
(c

m
)

-0.50

-0.13

0.25

0.63

1.00 (b)

1500 2250 3000 3750 4500 5250 6000

7500

-0.0080

-0.0064

-0.0048

-0.0031

D
if

fe
re

nc
e 

in
 W

H
R

 a
t 

ba
se

lin
e

-0.0015

0.0001

0.0018

0.0034

0.0050 (c)

1500 2250 3000

Birth weight (gram)

3750 4500 5250 6000 750

Estimation CLs Knots

0

-0.0130

-0.0106

-0.0083

-0.0059

D
if

fe
re

nc
e 

in
 W

H
tR

 a
t 

ba
se

lin
e

-0.0035

-0.0011

0.0013

0.0036

0.0060 (d)

1500 2250 3000 3750 4500 5250 6000

Figure 1 Non-linear associations of birth weight and body size with a birth weight of 3100 g as the reference value using restricted cubic
spline with 5 knots, adjusted for age, sex, education, income, smoking, alcohol consumption, having been breastfed and body mass index
(BMI; for waist circumference [WC], waist: hip ratio [WHR] and waist: height ratio [WHtR]), from the Shanghai Women’s Health Study and the
Shanghai Men’s Health Study. The solid lines are the estimates of differences in BMI, WC, WHR, and WHtR for any birth weight relative to a
birth weight of 3100 g, and the dashed lines are confidence limits (CL). The horizontal dashed lines indicate the reference line where the differ-
ence was zero.
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T2DM and hypertension, whereas high birth weight
(≥3500 g) was associated with a lower risk of both
diseases.

Discussion

Using data from two prospective cohort studies of Chi-
nese women and men, namely the SWHS and SMHS,
we found non-linear associations of birth weight with
adult body size and risk for T2DM and hypertension.
Low birth weight was generally associated with lower
BMI, smaller WC, larger WHR and WHtR, and a
higher risk for T2DM and hypertension. These findings
are in agreement with most previous studies and indi-
cate an important role of intrauterine nutrition in the
etiology of subsequent metabolic disorders.
Low birth weight has been consistently associated

with lower BMI but a higher risk of central obesity and
metabolic syndrome in adults.34,35 The Thrifty Pheno-
type Hypothesis was proposed by Hales and Barker36

to explain this pattern of associations. This hypothesis
postulates that under conditions of suboptimal in utero
nutrition, the fetus must adapt to its environment to
ensure brain growth at the expense of other organs,
such as the pancreas, heart, kidney, and skeletal mus-
cle.36 During the in utero period, metabolic program-
ming that promotes nutrient storage occurs in order to

provide a survival advantage under conditions of poor
postnatal nutrition. However, these adaptations can
lead to the subsequent development of metabolic dis-
eases, particularly under conditions of adequate postna-
tal nutrition or overnutrition.37

In the present study we found a J-shaped relationship
between birth weight and BMI at baseline, when partic-
ipants were aged 40–74 years. Our finding of the lower
birth weight–lower BMI relationship is in agreement
with most previous studies conducted in Western
populations,34,35,38 but is not consistent with studies
conducted in Chinese adults.7 Based on data from the
2002 Chinese Nutrition and Health Survey, Yang
et al.39 found that compared with women born in 1964,
those born during the worst famine years (1959, 1960,
and 1961) had higher BMI and a higher prevalence of
overweightedness as adults. In a small-scale study con-
ducted in Chinese adults with a mean (�SD) age
of 46.2 �9.9 years, a significantly higher BMI was
observed among those with low birth weight.7 The rea-
sons for the inconsistency are not clear. However, low
birth weight was complicated by presence of other qual-
itative or quantitative variables of social determinants
for the nutrition transition in middle-income coun-
tries.18 It is possible that the main problems may be
unhealthy lifestyles in adulthood, which was not consid-
ered in the present and previous studies but is especially
relevant in middle-income countries that are going

Table 3 Multivariable-adjusted odds ratios and 95% confidence intervals for obesity according to birth weight, the Shanghai Men’s Health
Study and the Shanghai Women’s Health Study

Birth weight (g) Percentile

OR (95% CI)

For overall obesity*

For central obesity

By WC† By WHR‡ By WHtR§

2500 10th 0.73 (0.67–0.79) 0.88 (0.78–0.98) 1.05 (0.96–1.14) 1.17 (1.04–1.32)
2750 20th 0.75 (0.69–0.81) 0.91 (0.82–1.01) 1.03 (0.96–1.12) 1.14 (1.02–1.27)
3000 30th 0.89 (0.86–0.92) 0.98 (0.93–1.01) 1.01 (0.98–1.04) 1.05 (1.01–1.10)
3000 40th 0.89 (0.86–0.92) 0.98 (0.93–1.01) 1.01 (0.98–1.04) 1.05 (1.01–1.10)
3100 50th 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
3250 60th 1.15 (1.12–1.17) 1.01 (0.98–1.04) 0.98 (0.96–1.00) 0.92 (0.89–0.95)
3500 70th 1.32 (1.25–1.39) 0.96 (0.89–1.04) 0.94 (0.89–1.00) 0.80 (0.74–0.86)
3650 80th 1.39 (1.29–1.49) 0.94 (0.85–1.04) 0.92 (0.86–1.00) 0.75 (0.67–0.83)
4000 90th 1.53 (1.40–1.67) 0.91 (0.81–1.03) 0.89 (0.81–0.98) 0.67 (0.59–0.77)
P-values
For overall significance <0.0001 0.1963 0.0018 <0.0001
For linearity 0.0112 0.6918 0.8160 0.9337
For non-linearity <0.0001 0.1381 0.7731 0.0068

Multivariable-adjusted odds ratios (ORs) were estimated using a logistic regression model with restricted cubic spline functions.
All ORs are adjusted for age, sex, education, per capita income, smoking, alcohol consumption, regular exercise, and having been breastfed;
ORs for central obesity are additionally adjusted for body mass index (BMI) as a continuous variable.
CI, confidence interval.
*Defined as BMI ≥25 kg/m2.
†Referring to waist circumference (WC) ≥80 cm for women and ≥ 85 cm for men.
‡Referring to a waist: hip ratio (WHR) >0.80 for women and > 0.90 for men.
§Referring to waist: height ratio (WHtR) ≥0.50 for men and women.
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through a rapid transition from traditional to Western
life patterns, such as China or India, where the preva-
lence of Western diet, smoking, sedentary lifestyle, inse-
curity food safety, obesity, and diabetes has increased
markedly while the birth of children with low birth
weight is still quite prevalent. More studies focusing on
the effect of birth weight are needed to confirm the
relationship.

It has been suggested that adverse exposures in early
life can “program” short stature and a predisposition to
abdominal adiposity, as well as an insulin resistance
and other cardiometabolic risk factors in adult life.37

Low birth weight has been associated with a higher risk
of central obesity, measured as WHR, after adjusting
for adult BMI,34,40,41 although results are not consis-
tent.38 Low birth weight was also linked to larger WC7

and WHtR42 in Asian populations. In the present study,
we found that associations of birth weight with central
obesity differed according to the measure of obesity
being considered. Low birth weight was associated with
smaller WC but larger WHR and WHtR. A non-linear
analysis showed that WC increased as birth weight
increased, whereas WHR and WHtR were higher at
lower birth weights. These results indicate that Chinese
men and women with low birth weight may have a rela-
tively small body size (i.e. shorter stature and smaller
waist and hip circumference). In this population, WHR
and WHtR, which are considered superior to WC for
predicting adverse health outcomes,32 may be better
indicators for birth weight-related central obesity.
Accumulating evidence suggests that poor growth in

utero, and thus low birth weight, is associated with an
increased risk of developing diseases such as T2DM
and hypertension in later life.43 Among individuals
exposed to the Dutch Famine of 1944–45 during gesta-
tion, per kilogram birth weight was related to a
4.14-mmHg decrease in systolic blood pressure, a
2.09-mmHg decrease in diastolic blood pressure, and
a 33% decrease in the risk of hypertension.44 A similar
association was observed among Chinese people with
prenatal exposure to the worst years of the Chinese
famine (1959–61).25,26 In recent years, a meta-analysis
summarizing 27 original studies showed an inverse lin-
ear association between birth weight and later risk of
hypertension.45 Evidence is also accumulating for an
association between low birth weight and risk of
T2DM.11–13 A 1991 study found that men with the low-
est birth weight (<2.5 kg) were nearly seven-fold more
likely to be glucose intolerant or have T2DM than men
with the highest birth weight (>4.3 kg).1 Among 7874
rural Chinese adults born between 1954 and 1964, fetal
exposure to the most severe period of the Chinese fam-
ine appeared to increase the risk of hyperglycemia in
adulthood, and the association was exacerbated by a
nutritionally rich environment in later life.5 Our find-
ings of an elevated risk of T2DM and hypertension are
consistent with these previous studies and provide fur-
ther evidence supporting the Thrifty Phenotype
Hypothesis proposed by Hales and Barker.36

The present study found no heterogeneity between
sexes for associations of birth weight with adult body
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Figure 2 Smoothed plot for multivariable-adjusted odds ratios
(OR) or hazard ratios (HRs) for risk of (a) type 2 diabetes mellitus
(T2DM) and (b) hypertension according to birth weight. The ORs
were estimated by using a restricted cubic-spline logistic with five
knots placed at the 5th, 25th, 50th, 75th, and 95th percentiles of
birth weight, whereas the HRs were estimated by using a restricted
cubic-spline proportional hazards model. The median value of birth
weight (3100 g) was treated as the reference point. All ORs and
HRs were adjusted for age, sex, education, income, smoking, alco-
hol consumption, and having been breastfed, from the Shanghai
Women’s Health Study and the Shanghai Men’s Health Study.
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size and related chronic diseases. This result is not con-
sistent with a previous study in which only women
exposed to famine conditions in utero or during infancy
were observed to have a greater risk of developing
hypertension.26 The reason for this inconsistency is
unclear. It is of note that in the present study 23.4%
(143/610) of men with low birth weight were born dur-
ing famine years, whereas only 2.9% (27/940) of women
were born during famine years. Our results add evi-
dence supporting a public health objective to reduce
low birth weight in both sexes.
The strengths of the present study include the rela-

tively large sample size and directly measured height,
weight, and circumferences. However, several limita-
tions should be acknowledged. First, birth weight was
based on self-report. We included only approximately
one-third of cohort members who answered the question
on birth weight. Thus, both recall bias and selection bias
are of concern. Second, a diagnosis of T2DM was also
self-reported. It is estimated that approximately half of

all people with T2DM in China remain undiagnosed.20

Therefore, the association between birth weight and risk
of T2DM may be biased towards null. Moreover, a
residual confounding effect cannot be excluded, possibly
due to the wide ranges of some categorical variables or
unadjusted confounders, like adulthood lifestyle factors,
social determinants, etc. Finally, the present study was
conducted in urban Shanghai, the most economically
developed city in China. The results in this population
may not be applicable to other populations.
In conclusion, in the present study we found that low

birth weight was associated with subsequent obesity and
the prevalence and risk of T2DM and hypertension in
Chinese men and women. The results suggest that nutri-
tion in early life is of considerable importance to health
in later life. Low birth weight should be considered as an
important risk factor for obesity, diabetes, and hyperten-
sion in the general population and can be used to iden-
tify high-risk individuals. Moreover, the government
should pay more attention to maternal health to reduce

Table 4 Associations of birth weight with the risk of type 2 diabetes mellitus and hypertension, the Shanghai Men’s Health Study and the
Shanghai Women’s Health Study

Diseases

Birth weight (g)

Ptrend<2500 2500–3499 3500–3999 ≥4000

Type 2 diabetes
Prevalence at baseline (%) 3.74 3.23 3.27 3.62
No. cases/non-cases 58/1492 489/14649 149/4401 139/3707
OR (95% CI) 1.40 (1.39–1.41) 1.00 (Reference) 0.79 (0.79–0.79) 1.04 (1.03–1.04) <0.0001
Incidence since baseline
No. cases 73 674 169 111
Person-years 12 255 122 756 31 558 27 628
Incidence rate (1/1000) 5.96 5.49 5.36 4.02
HR (95% CI) 1.17 (0.92–1.49) 1.00 (Reference) 0.95 (0.80–1.13) 0.76 (0.62–0.94) 0.0033

Incidence since birth
No. cases 131 1163 318 250
Person-years 85 152 862 634 258 221 214 729
Incidence rate (1/1000) 1.54 1.35 1.23 1.16
HR (95% CI) 1.29 (1.07–1.54) 1.00 (Reference) 0.89 (0.78–1.01) 0.90 (0.78–1.03) 0.0019

Hypertension
Prevalence at baseline (%) 20.84 19.86 21.54 20.55
Hypertension/no hypertension 323/1227 3006/12132 980/3570 790/3055
OR (95% CI) 1.27 (1.11–1.45) 1.00 (Reference) 0.99 (0.91–1.08) 1.04 (0.95–1.14) 0.36
Incidence since baseline
No. cases 345 3250 1024 852
Person-years 10 170 104 199 26 553 23 771
Incidence rate (1/1000) 33.92 31.19 38.56 35.84
HR (95% CI) 1.13 (1.01–1.27) 1.00 (Reference) 1.05 (0.98–1.13) 1.06 (0.98–1.14) 0.54

Incidence since birth
No. cases 668 6256 2004 1642
Person-years 83 552 847 575 254 484 211 944
Incidence rate (1/1000) 8.00 7.38 7.87 7.75
HR (95% CI) 1.20 (1.11–1.30) 1.00 (Reference) 1.02 (0.97–1.07) 1.04 (0.99–1.10) 0.67

Odds ratios (ORs) and hazard ratios (HRs) are adjusted for age, sex, education, smoking, drinking, regular exercise, and having been breastfed.
CI, confidence interval.
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the number of babies born with a low birth weight and
thus to decrease the prevalence of obesity, diabetes, and
hypertension in the general population in the long run.

Acknowledgements

This project was supported by the US National Insti-
tutes of Health (R37 CA070867 to WZ; R01 CA082729
to XOS). The authors thank the participants and staff
members of the Shanghai Women’s Health Study and
the Shanghai Men’s Health Study for their important
contributions.

Disclosure

The authors declare no potential conflicts of interest.

References

1. Hales CN, Barker DJ, Clark PM et al. Fetal and infant
growth and impaired glucose tolerance at age 64. BMJ.
1991; 303: 1019–22.

2. Roseboom T, de Rooij S, Painter R. The Dutch famine
and its long-term consequences for adult health. Early
Hum Dev. 2006; 82: 485–91.

3. Robinson WR, Utz RL, Keyes KM, Martin CL,
Yang Y. Birth cohort effects on abdominal obesity in the
United States: The silent generation, baby boomers and
generation X. Int J Obes. 2013; 37: 1129–34.

4. Fall C. Maternal nutrition: Effects on health in the next
generation. Indian J Med Res. 2009; 130: 593–9.

5. Li Y, He Y, Qi L et al. Exposure to the Chinese famine
in early life and the risk of hyperglycemia and type 2 dia-
betes in adulthood. Diabetes. 2010; 59: 2400–6.

6. Li Y, Jaddoe VW, Qi L et al. Exposure to the Chinese
famine in early life and the risk of hypertension in adult-
hood. J Hypertens. 2011; 29: 1085–92.

7. Tian JY, Cheng Q, Song XM et al. Birth weight and risk
of type 2 diabetes, abdominal obesity and hypertension
among Chinese adults. Eur J Endocrinol. 2006; 155: 601–7.

8. Levitt NS, Lambert EV, Woods D, Hales CN,
Andrew R, Seckl JR. Impaired glucose tolerance and ele-
vated blood pressure in low birth weight, nonobese,
young South African adults: Early programming of cor-
tisol axis. J Clin Endocrinol Metab. 2000; 85: 4611–8.

9. Corvalan C, Gregory CO, Ramirez-Zea M, Martorell R,
Stein AD. Size at birth, infant, early and later childhood
growth and adult body composition: A prospective study
in a stunted population. Int J Epidemiol. 2007; 36: 550–7.

10. Schroeder DG, Martorell R, Flores R. Infant and child
growth and fatness and fat distribution in Guatemalan
adults. Am J Epidemiol. 1999; 149: 177–85.

11. Wells JC, Chomtho S, Fewtrell MS. Programming of
body composition by early growth and nutrition. Proc
Nutr Soc. 2007; 66: 423–34.

12. Ibanez L, Suarez L, Lopez-Bermejo A, Diaz M, Valls C,
de Zegher F. Early development of visceral fat excess
after spontaneous catch-up growth in children with low
birth weight. J Clin Endocrinol Metab. 2008; 93: 925–8.

13. Xiao X, Zhang ZX, Cohen HJ et al. Evidence of a rela-
tionship between infant birth weight and later diabetes
and impaired glucose regulation in a Chinese population.
Diabetes Care. 2008; 31: 483–7.

14. Osmond C, Barker DJ. Fetal, infant, and childhood
growth are predictors of coronary heart disease, diabetes,
and hypertension in adult men and women. Environ
Health Perspect. 2000; 108 (Suppl. 3): 545–53.

15. Huxley R, Neil A, Collins R. Unravelling the fetal ori-
gins hypothesis: Is there really an inverse association
between birthweight and subsequent blood pressure?
Lancet. 2002; 360: 659–65.

16. Adair L, Dahly D. Developmental determinants of blood
pressure in adults. Annu Rev Nutr. 2005; 25: 407–34.

17. Fall CH. Non-industrialised countries and affluence. Br
Med Bull. 2001; 60: 33–50.

18. Chan JC, Malik V, Jia W et al. Diabetes in Asia: Epide-
miology, risk factors, and pathophysiology. JAMA.
2009; 301: 2129–40.

19. Wang L, Kong L, Wu F, Bai Y, Burton R. Preventing
chronic diseases in China. Lancet. 2005; 366: 1821–4.

20. Yang W, Lu J, Weng J et al. Prevalence of diabetes
among men and women in China. N Engl J Med. 2010;
362: 1090–101.

21. Li R, Lu W, Jiang QW et al. Increasing prevalence of
type 2 diabetes in Chinese adults in Shanghai. Diabetes
Care. 2012; 35: 1028–30.

22. Gu D, Reynolds K, Wu X et al. Prevalence, awareness,
treatment, and control of hypertension in China. Hyper-
tension. 2002; 40: 920–7.

23. Huang C, Li Z, Wang M, Martorell R. Early life expo-
sure to the 1959–1961 Chinese famine has long-term
health consequences. J Nutr. 2010; 140: 1874–8.

24. Wang Y, Wang X, Kong Y, Zhang JH, Zeng Q. The
Great Chinese Famine leads to shorter and overweight
females in Chongqing Chinese population after 50 years.
Obesity. 2010; 18: 588–92.

25. Wang PX, Wang JJ, Lei YX, Xiao L, Luo ZC. Impact
of fetal and infant exposure to the Chinese Great Famine
on the risk of hypertension in adulthood. PLoS One.
2012; 7: e49720.

26. Chen H, Nembhard WN, Stockwell HG. Sex-specific
effects of fetal exposure to the 1959–1961 Chinese famine
on risk of adult hypertension. Matern Child Health J.
2014; 18: 527–33.

27. Tam CH, Wang Y, Luan J et al. Non-linear relationship
between birthweight and cardiometabolic risk factors in Chi-
nese adolescents and adults. Diabet Med. 2015; 32: 220–5.

28. Feng C, Osgood ND, Dyck RF. Low birth weight,
cumulative obesity dose, and the risk of incident type
2 diabetes. J Diabetes Res. 2018; 2018: 8435762.

29. Mi D, Fang H, Zhao Y, Zhong L. Birth weight and type
2 diabetes: A meta-analysis. Exp Ther Med. 2017; 14:
5313–20.

30. Zheng W, Chow WH, Yang G et al. The Shanghai
Women’s Health Study: Rationale, study design, and

© 2018 The Authors.
Journal of Diabetes published by John Wiley & Sons Australia, Ltd and Ruijin Hospital, Shanghai Jiaotong University School of Medicine.

63

Q. XIA et al. Birth weight and subsequent risk of NCDs



baseline characteristics. Am J Epidemiol. 2005; 162:
1123–31.

31. Cai H, Zheng W, Xiang YB et al. Dietary patterns and
their correlates among middle-aged and elderly Chinese
men: A report from the Shanghai Men’s Health Study.
Br J Nutr. 2007; 98: 1006–13.

32. Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a
better screening tool than waist circumference and BMI
for adult cardiometabolic risk factors: Systematic review
and meta-analysis. Obes Rev. 2012; 13: 275–86.

33. Desquilbet L, Margolick JB, Fried LP
et al. Relationship between a frailty-related phenotype
and progressive deterioration of the immune system in
HIV-infected men. J Acquir Immune Defic Syndr. 2009;
50: 299–306.

34. Oken E, Gillman MW. Fetal origins of obesity. Obes
Res. 2003; 11: 496–506.

35. Rogers I, EURO-BLCS Study Group. The influence of
birthweight and intrauterine environment on adiposity
and fat distribution in later life. Int J Obes Relat Metab
Disord. 2003; 27: 755–77.

36. Hales CN, Barker DJ. The thrifty phenotype hypothesis.
Br Med Bull. 2001; 60: 5–20.

37. Prentice AM, Moore SE. Early programming of adult
diseases in resource poor countries. Arch Dis Child.
2005; 90: 429–32.

38. Schooling CM, Jiang CQ, Lam TH et al. Estimated birth
weight and adult cardiovascular risk factors in a

developing southern Chinese population: A cross sec-
tional study. BMC Public Health. 2010; 10: 270.

39. Yang Z, Zhao W, Zhang X et al. Impact of famine dur-
ing pregnancy and infancy on health in adulthood. Obes
Rev. 2008; 9 (Suppl. 1): 95–9.

40. Morrison JL, Duffield JA, Muhlhausler BS, Gentili S,
McMillen IC. Fetal growth restriction, catch-up growth
and the early origins of insulin resistance and visceral
obesity. Pediatr Nephrol. 2010; 25: 669–77.

41. Stocker CJ, Arch JR, Cawthorne MA. Fetal origins of
insulin resistance and obesity. Proc Nutr Soc. 2005; 64:
143–51.

42. Harada K, Torii S, Saruwatari A et al. Association
between low birth weight and high adult waist-to-height
ratio in non-obese women: A cross-sectional study in a
Japanese population. Tohoku J Exp Med. 2012; 228:
205–14.

43. Gluckman PD, Hanson MA, Cooper C, Thornburg KL.
Effect of in utero and early-life conditions on adult
health and disease. N Engl J Med. 2008; 359: 61–73.

44. Stein AD, Zybert PA, van der Pal-de Bruin K,
Lumey LH. Exposure to famine during gestation, size
at birth, and blood pressure at age 59 y: Evidence
from the Dutch Famine. Eur J Epidemiol. 2006; 21:
759–65.

45. Mu M, Wang SF, Sheng J et al. Birth weight and subse-
quent blood pressure: A meta-analysis. Arch Cardiovasc
Dis. 2012; 105: 99–113.

64 © 2018 The Authors.
Journal of Diabetes published by John Wiley & Sons Australia, Ltd and Ruijin Hospital, Shanghai Jiaotong University School of Medicine.

Birth weight and subsequent risk of NCDs Q. XIA et al.




