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Abstract
Background/objectives Short-term breastfeeding from mothers with gestational diabetes (GDM) may programme meta-
bolism and increase offspring diabetes risk. We examined the association of in utero GDM exposure with adiposity from
infancy to adolescence, and whether any associ2ation was modified by breastfeeding during early infancy.
Methods In the prospective Chinese birth cohort “Children of 1997” (n= 7342, 88% follow-up rate), generalised estimate
equations with multiple imputation were used to assess associations of in utero GDM exposure with age- and sex-specific
body mass index (BMI) z-score during infancy (3 and 9 months), childhood (2– < 8 years) and adolescence (8–16 years),
adjusted for sex, parity, maternal age, birth place, preeclampisa, smoking, and family socio-economic position. We also
tested whether the associations differed by mode of infant feeding (always formula-fed, mixed, always breastfed) during the
first three months of life.
Results In utero GDM exposure (7.5%) was associated with a lower BMI z-score during infancy (−0.13, 95% confidence
interval (CI) −0.22, −0.05) but higher BMI z-scores during childhood (0.14, 95% CI 0.03, 0.25) and adolescence (0.25 95%
CI 0.11, 0.38). Breastfeeding for the first three months did not modify the association of in utero GDM status with
subsequent BMI (all p values for interaction >0.4).
Conclusions In utero GDM exposure was associated with greater adiposity during childhood and adolescence. Breastfeeding
in early infancy from mothers with GDM was not associated with greater adiposity in children and thus should still be
encouraged.

Introduction

Children born to mothers with gestational diabetes (GDM)
are at greater risk of obesity and abnormal glucose tolerance
[1, 2], emphasising the importance of infant and child care
in this vulnerable group. The influence of breastfeeding by
mothers with GDM on long-term metabolic health of their
offspring is of concern because breast milk from these
mothers, particularly those with glucose intolerance in the
early postpartum period, may contain different levels of
peptide hormones, such as ghrelin, that may affect energy
metabolism [3]. Rodent studies suggest that milk from
mothers with GDM might detrimentally affect food intake,
adiposity, and metabolism [4]. Observational studies
concerning the relation of breastfeeding by mothers with
GDM with their offspring’s metabolic health are scarce and
findings are mixed. A small study in Germany reported that
the volume of breast milk ingested from diabetic mothers
during the 1st week postpartum was positively associated
with overweight at 2 years old [5]. The extended analysis
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from the same study reported that the volume of breast milk
ingested from diabetic mothers during the 1st week post-
partum nullified the associations of dose and duration of
breastfeeding from diabetic mothers during late neonatal
period (2nd to 4th week postpartum) with relative body
weight at 2 years, indicating the first week of life may be
more important in nutritional programming [6]. In contrast,
other studies suggest benefits of breastfeeding in the off-
spring of mothers with GDM. A small study showed that in
utero exposure to GDM was associated with childhood
adiposity [7] and faster childhood growth trajectories [8]
among children breastfed for <6 months but not in those
breastfed for longer. The Growing Up Today Study, com-
posing of children of women participating in the US Nur-
ses’ Health Study II, reported that exclusive breastfeeding
compared to formula feeding was associated with a lower
risk of obesity among children and adolescents with in utero
exposure to GDM [9]. However, in situations where higher
socio-economic position is associated with both health and
breastfeeding, benefits of breastfeeding may be over-
estimated [10], while adverse consequences of breastfeed-
ing, regardless of mother’s GDM status, are likely to be
underestimated. As such, the long-term impact of breast-
feeding by mothers with GDM on their children’s long-term
metabolic health is unclear.

Here, we examined the association of in utero GDM
exposure with adiposity from infancy to adolescence, and
whether the association differed by mode of feeding in early
infancy in the large, population representative Hong Kong
birth cohort, “Children of 1997” [11], which has the
advantage of little association of breastfeeding with higher
socio-economic position [12], minimising the socio-
economic confounding in the observed health benefits of
breastfeeding. We focused on the impact of a short duration
of breastfeeding because breastfeeding in 1990s was com-
monly short and it has been suggested that being breastfed
by mothers with GDM during the early postpartum period
may be most detrimental to metabolic health [13]. We tested
the hypothesis that in utero exposure to GDM is associated
with (1) adverse metabolic health in adolescence, proxied
by greater body mass index (BMI), (2) particularly among
those who were breastfed in the early days of life.

Subjects and methods

The “Children of 1997” birth cohort

Hong Kong’s “Children of 1997” birth cohort [11] is a
population representative Chinese birth cohort (n= 8327)
that covered 88% of all births from 1 April 1997 to 31 May
1997. The study was initially established to investigate
the impact of second hand smoke exposure on infant health

[14]. Families were recruited at their first postnatal visit to
the 49 Maternal and Child Health Centres in Hong Kong.
Baseline and feeding characteristics were obtained using a
self-administered questionnaire at recruitment, 3 months,
9 months, and 18 months. Since 2005, we have carried out
passive and active follow-up, by means of data linkage and
surveys, to obtain health related information, including
routine measurements of height and weight from the
Maternal and Child Health Centres and the Student Health
Service. In Hong Kong, Maternal and Child Health Centres
provide free postnatal check-ups to all Hong Kong born
children until 5 years. The Student Health Service provides
annual health check-ups for students at all primary and
secondary schools.

The study was reviewed by and received approval from
the University of Hong Kong, Hospital Authority Hong
Kong West Cluster Joint Institutional Review Board and the
Joint Chinese University of Hong Kong—New Territories
East Cluster Clinical Research Ethics Committee. Informed
consent was obtained from the parents/guardians whose
child participated in the birth cohort “Children of 1997”.

Exposure—in utero exposure to GDM

In utero exposure to GDM was classified as “present” or
“absent” based on self-report of GDM in the relevant
pregnancy by the mothers. During 1996–97, GDM was
diagnosed using the 75 g oral glucose tolerance test
according to the 1999 World Health Organization criteria,
i.e., fasting plasma glucose of >7.0 mmol/L and 2-hour
plasma glucose level of 11.1 mmol/L or above. We used the
response from the earliest survey if mothers answered this
question more than once. We carried out a validation study
among mothers of birth cohort children delivered in the
largest maternity hospital in Hong Kong (n= 820, 9.8% of
all) to check the self-reported GDM status in the relevant
pregnancy against clinically diagnosed GDM extracted
from medical records. Although the response rate was
hindered by the surge in phone spams in the city and
mothers were reluctant to provide their identifier number for
the validation study, we successfully obtained consent from
and retrieved medical records for 94 mothers and found
97% reported their GDM status correctly and the few
invalid self-reports concern over-reporting.

Outcome—Adiposity from infancy to adolescence

Adiposity were proxied by age- (in days) and sex-specific
z-scores for BMI relative to the 2006 World Health
Organization (WHO) growth standards [15] for 0 to <5
years and the 2007 WHO growth reference [16] for 5–16
years, calculated by interpolating the WHO references onto
a daily scale using the akima package in R. We assessed the
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association of in utero exposure to GDM with BMI z-score
in three life stages separately, infancy (3 and 9 months),
childhood (2–<8 years) and adolescence (8–16 years),
based on the Infancy, Childhood, and Puberty growth

model [17], which divided human growth into three phases
that reflect the endocrine control mechanisms of the growth
process, which strongly related to BMI. Weight and length/
height were retrieved from Maternal and Child Health
Centres and the Student Health Service using data linkage
[18–20].

Effect modifier—mode of infant feeding

Feeding in the first three months (0–3 months) of life was
considered as always formula-fed, (i.e., never breastfed),
mixed feeding (i.e, fed both breast milk and formula milk)
or always breastfed (i.e., exclusively breastfed), as
previously described [18–20] .

Statistical analyses

We used the χ2-test and analysis of variance to assess the
difference in characteristics by in utero GDM exposure and
mode of infant feeding. We used generalised estimating
equations to assess the adjusted associations of in utero
GDM exposure with BMI z-scores during infancy (3 and
9 months), childhood (2–<8 years) and adolescence (8–16
years). Our preliminary analysis suggested that similar
estimates of the associations of in utero GDM with BMI
z-score were obtained when using “exchangeable” (i.e.,
assuming correlation between measurements were con-
sistent) or “unstructured” correlation structure of BMI
z-score (Supplementary Table A1), so we used an
exchangeable correlation structure, which used fewer
degrees of freedom. We tested whether the associations of
in utero GDM exposure with BMI varied by mode of infant
feeding from the significance of interaction terms. We
repeated the analysis with height z-score, relative to the
2006 WHO growth standards [15] and 2007 WHO growth
reference [16], for completeness. We adjusted for sex,
parity, age at measurements and potential confounders,
including maternal characteristics (age and birth place) and
family socio-economic position (proxied by highest parental
education) (Model 1). We carried out sensitivity analyses to
check if there was any change in the associations after
adjusting for pregnancy conditions in the index pregnancy,
which did not have clear causal relation with GDM
(presence of preeclampisa and maternal smoking) (Model 2)
as well as mother’s current BMI and history of type 2
diabetes as the proxy for genetic predispositions to over-
weight among the cohort participants (Model 3).

We used multiple imputation to predict missing
confounders based on a flexible additive regression model
with predictive mean matching [21] incorporating data on
exposure, covariates and outcomes [22]. Presence of
gestational diabetes and preeclampsia in the index
pregnancy was imputed for 17%, mother’s current BMI and

Table 1 Baseline characteristics by in utero exposure to GDM in 7297
children from Hong Kong’s “Children of 1997” birth cohort

In utero exposure to GDM

Characteristics No (N= 6758) Yes (N= 539)

Pregnancy and birth characteristics

Males (%) 53% 54%

Birth order (%)

1st 47% 47%

2nd 42% 41%

3rd or above 11% 12%

Birth weight (mean, kg) 3.19 ± 0.44 3.18 ± 0.47

Birth weight z-scorea (mean) −0.26 ± 0.98 −0.25 ± 1.0

Gestational age specific birth
weight z-scoreb (mean)

0.07 ± 0.95 0.17 ± 1.0

Small for gestational age (%) 9.7% 10%

Gestational age (mean, weeks) 38.9 ± 1.6 38.7 ± 1.6
*Gestational age (%)

≤33 weeks 1.3% 1.0%

34–36 weeks 4.0% 6.1%

37–38 weeks 29% 34%

39–40 weeks 52% 50%

≥41 weeks 14% 8.6%

*Preeclampsia (%) 3.3% 5.4%

Maternal smoking during
pregnancy (%)

5.1% 4.5%

Caesarean birth (%) 26% 29%

*Mother’s age at delivery (%)

≤24 years 13% 7.3%

25–29 years 32% 27%

30–34 years 38% 40%

≥35 years 18% 26%

Family characteristics at birth

*Highest parental education attainment (%)

9th grade or below 31% 25%

10th–11th grade 43% 42%

12th grade or above 26% 32%

*Household income <1st Quartile
(%)

21% 17%

*Public Housing (%) 46% 40%

Hong Kong born father (%) 68% 72%

*Hong Kong born mother (%) 60% 69%

aReferenced to 2006 WHO growth standard
bReferenced to local sex- and gestational age-specific growth chart
*Significant difference at <0.05 by in utero GDM exposure assessed by
χ2-tests for categorical parameters and ANOVA for continuous
parameters
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history of type 2 diabetes for 43%, and other covariates for
<5%. We summarised the results from 10 imputed datasets
into single estimates with confidence intervals (CI) adjusted
for missing data uncertainty [21]. We also performed
complete case analyses without imputation. Statistical ana-
lyses were performed using Stata version 13 (Stata Corp,
College station, Tex) and R version 3.1.2 (R Development
Core Team, Vienna, Austria).

Results

Participant characteristics

Of the original 8327 “Children of 1997” participants, as of
30th April 2012, 8298 had not withdrawn (n= 26 with-
drawn). Over 80% of the participants had at least one BMI
measurement during infancy, childhood or adolescence.
Breastfeeding status at 0–3 months was available for 98%
of participants. In total, 7297 (88%) were included in the
analyses. Those included in the analyses had similar
baseline characteristics, including the proportion with in
utero GDM exposure, birth characteristics and socio-
demographic characteristics as the whole birth cohort
(Supplementary Table A2). The Cohen effect sizes were
small (<0.2).

Compared with participants without in utero GDM
exposure, those with in utero GDM exposure (7.5%) had
similar birth weight but shorter gestational age (with more
late preterm and early term and fewer post-term births) and
thus slightly lower birth weight for gestational age.
Their mothers were on average older and more likely to be
born in Hong Kong (than the rest of China). (Table 1)
Their parents were more likely to have higher education and
were less likely to live in public housing. Other pregnancy/
birth characteristics did not differ by in utero GDM
exposure, except a slightly higher rate of preeclampsia
and a lower rate of smoking during pregnancy among
mothers with GDM. Mothers with GDM during the index
pregnancy had greater current BMI (mean: 23.6 kg/m2)
than other mothers (22.7 kg/m2) and were more likely
to have a history of type 2 diabetes reported >10 years
later.

Breastfeeding in the early postnatal period

In the first 3 months of life, about half (57%) of the cohort
participants were only fed on infant formula, 6.3% were
always breastfed and 37% had mixed feeding, including
those who were partially breastfed for any length of time or
exclusively breastfed for < 3 months.

Breastfeeding at 0–3 months was unrelated to in utero
GDM exposure (Table 2). Those who were delivered by
caesarean section or exposed to in utero maternal smoking
were less likely to be always breastfed. Mothers who sus-
tained exclusive breastfeeding at 3 months were more likely
to be migrants from mainland China who had lower edu-
cation, as such always being breastfed at 0–3 months was
not associated with higher parental education. BMI from
infancy to adolescence did not differ by mode of infant
feeding, except at 3 months old when those who were
always formula-fed had lower BMI (data not shown).

Table 2 Characteristics by mode of infant feeding at 0–3 months in
7297 children from Hong Kong’s “Children of 1997” birth cohort

Mode of infant feeding at 0–3 months

Characteristics Always
formula-fed
(n= 4143)

Mixed
(n= 2690)

Always
breastfed
(n= 464)

Pregnancy and birth characteristics

*Males (%) 53% 53% 47%

*Birth order (%)

1st 44% 53% 41%

2nd 44% 38% 43%

3rd or above 12% 8.7% 16%

Birth weight z-scorea

(mean)
−0.27 ± 0.98 −0.27 ±

1.00
−0.20 ± 0.93

*Gestational age (%)

≤33 weeks 1.2% 1.2% 1.3%

34–36 weeks 4.2% 4.2% 3.2%

37–38 weeks 31% 27% 25%

39–40 weeks 51% 54% 54%

≥41 weeks 13% 13% 16%

Preeclampsia (%) 3.8% 3.2% 2.1%

Gestational diabetes
(%)

7.6% 7.3% 7.1%

*Maternal smoking
during pregnancy (%)

6.7% 3.0% 1.7%

*Caesarean birth (%) 30% 24% 15%

Family characteristics at birth

*Highest parental education attainment (%)

9th grade or below 34% 24% 44%

10th–11th grade 46% 39% 35%

12th grade or above 21% 37% 21%

Household income
<1st Quartile (%)

21% 18% 34%

*Public Housing (%) 48% 40% 55%

*Hong Kong born
father (%)

70% 69% 48%

*Hong Kong born
mother (%)

64% 61% 29%

aReferenced to the 2006 WHO growth standard
*Significant difference at <0.05 by mode of infant feeding assessed by
χ2-tests for categorical parameters and ANOVA for continuous
parameters
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Associations of in utero GDM exposure with
adiposity

In utero GDM exposure was negatively associated with
BMI z-score during infancy (−0.13, 95% CI −0.22,
−0.05), but was positively associated with BMI z-score
during childhood (0.14, 95% CI 0.03, 0.25) and adoles-
cence (0.25, 95% CI 0.11, 0.38) adjusted for sex, parity,
maternal age at delivery, maternal smoking during preg-
nancy, highest parental education, and mother’s place of
birth (Model 1, Table 3). The positive association was
stronger in adolescence. Further adjustment for mother’s
current BMI and history of type 2 diabetes (Model 2) or for
birth weight, gestational age, and pubertal timing (Model 3)
attenuated these positive associations, but the association of
in utero GDM exposure with greater BMI in adolescence
remained. None of the p values for interaction between in
utero GDM exposure and mode of infant feeding was sig-
nificant (all >0.4, Table 3). However the associations of in
utero GDM exposure with greater BMI in childhood and
adolescence were less marked among the small number of
children who were always breastfed at 0–3 months (n= 31,
Table 4).

We obtained similar results if we limited the analysis to
participants who had BMI at all three stages (76%) and
complete case analyses (Supplementary Table A3). In utero
exposure to GDM was unrelated to height z-score from
infancy to adolescence (data not shown).

Discussion

Children with in utero GDM exposure had lower BMI
during infancy but higher BMI in childhood and particularly
in adolescence than others, indicating that GDM related
adiposity emerges in childhood, and manifests in adoles-
cence. The stratified analysis indicated that exclusive
breastfeeding for 3 months was not associated with a
stronger relation of in utero GDM exposure with higher
BMI, but rather might be associated with a weaker asso-
ciation of in utero GDM exposure with higher BMI.
However, this finding was based on a small number of
children who were exclusively breastfed by GDM mothers,
and thus requires confirmation in larger studies.

Children born to mothers with GDM have a higher risk
of becoming overweight and developing glucose intoler-
ance and type 2 diabetes in adulthood [23, 24]. A small
prospective cohort study from Hong Kong however repor-
ted a null association of in utero GDM exposure with BMI
in childhood and adolescence, potentially owing to a small
sample size (<200) [2, 25]. Our finding is consistent with
observations in a British birth cohort [26] and other
observational studies [27] that children with in utero GDM
exposure are more prone to adiposity before adulthood. The
associations of in utero GDM exposure with later adiposity
were attenuated by further adjustment for mother’s current
BMI and history of type 2 diabetes and thus may be partly
due to shared genetic predisposition, shared environment or
common factors resulting from both in utero exposure to
GDM and mother’s history of diabetes. However the
association in adolescence was strong and independent of
socio-economic position, mother’s current BMI and history
of type 2 diabetes. Recent studies have provided potential
underlying molecular mechanisms by which maternal
hyperglycaemia may exert metabolic programming effects
on the developing fetus, including those involving DNA
methylation of genes related to metabolism [28] and leptin
[29, 30], suggesting a plausible causal role played by in
utero GDM exposure on subsequent adiposity.

Exclusive breastfeeding for three months did not clearly
affect the association of in utero GDM exposure with BMI
from infancy to adolescence. Although the interaction
testing was underpowered due to the small number of
children exclusively breastfed by GDM mothers, the esti-
mates was not consistent with any adverse consequences of
exclusively breastfeeding by GDM mothers. As such,

Table 3 The adjusted associations of in utero GDM exposure with
BMI z-score during infancy, childhood, and adolescence

In utero exposure to
GDM

P for interaction by

No Yes Mode of infant feeding at
0–3 months

BMI z-score (95% CI) at infancy (3 and 9 months) n= 5916

Model 1 Ref −0.13
(−0.22, −0.05)

0.54

Model 2 Ref −0.13
(−0.22, −0.05)

–

Model 3 Ref −0.14
(−0.23, −0.05)

–

BMI z-score (95% CI) at childhood (2–<8 years) n= 6914

Model 1 Ref 0.14 (0.03, 0.25) 0.48

Model 2 Ref 0.14 (0.03, 0.25) –

Model 3 Ref 0.05 (−0.07, 0.16) –

BMI z-score (95% CI) at adolescence (8–16 years) n= 7171

Model 1 Ref 0.25 (0.11, 0.38) 0.59

Model 2 Ref 0.25 (0.11, 0.38) –

Model 3 Ref 0.14 (0.02, 0.27) –

Model 1 adjusted for sex, parity, age (years) at measurements, and
potential confounders, including maternal characteristics (age and birth
place) and family socio-economic position (proxied by highest
parental education)

Model 2 additionally adjusted for pregnancy conditions (presence of
preeclampisa and maternal smoking)

Model 3 additionally adjusted for mother’s current BMI and history of
type 2 diabetes

In utero exposure to gestational diabetes and adiposity: does breastfeeding make a difference?



adverse effects on adiposity of being exclusively breastfed
during early infancy by a mother with GDM seem unlikely,
and benefits, if any, more likely. The health consequences
of being breastfed from a mother with GDM have been
controversial because breast milk from mothers with GDM,
particularly in the early postpartum period, may have dif-
ferent composition, in terms of insulin, glucose, ghrelin [3],
and preptin [31], which may affect metabolism of the
newborn. The limited evidence of adverse impacts of being
breastfed from by a mother with GDM mainly focused on
infancy. A small study in Germany reported greater risks of
overweight at 2 years old among infants fed with breast
milk for a week from mothers with diabetes compared to
those who fed with banked breast milk from mothers
without diabetes [5, 6]. However, this study included
mothers with type 1 diabetes and thus was not directly
comparable to ours. A birth cohort from Singapore showed
predominant (including exclusive) breastfeeding of
4 months or longer was associated with greater gain in
weight and BMI from birth to 6 months only among infants
of GDM mothers [32]. We instead observed a greater
gestational age specific birth weight z-score but a lower
BMI (but not shorter spine length) during infancy among
children with in utero GDM exposure, implying their slower
weight growth during infancy, regardless of mode of infant
feeding. Our observation is consistent with the “catch-
down” in weight reported in infants of mothers with GDM
in Caucasians and Pima Indians [33, 34]. This Singaporean
birth cohort has also reported an association between
maternal glycaemia and “catch-down” in infant weight in
obese mothers, however the p value for interaction by
breastfeeding was not reported [35]. We cannot rule out that
more severe GDM mothers may be less likely to breastfeed
[36], such that the adverse impact of breastfeeding from a
GDM mother may have been underestimated. Different
degrees of postpartum glycaemia may contribute to varying
impacts of being breastfed by GDM mothers. Further

prospective studies with detailed maternal conditions after
delivery are required to clarify the consequences of
breastfeeding by mothers with GDM who suffer from
postpartum hyperglycaemia.

It has been suggested that benefits of breastfeeding
protecting against obesity [37] and type 2 diabetes [38, 39],
and may attenuate the risks of obesity and glucose intoler-
ance associated with in utero GDM exposure, as shown in a
few observational studies [7, 9, 40, 41]. Our study did not
find a significant difference in the association of mother’s
GDM status with adiposity by mode of feeding, potentially
owing to the small number of children who were
exclusively breastfed by GDM mothers. However stratified
analysis showed a lower BMI among children of GDM
mothers who were exclusively breastfed in early infancy.
We cannot rule out the different associations by strata is a
chance finding. But our study was strengthened by a lack of
association exclusively breastfeeding at 0–3 months with
higher socio-economic position, such that socio-economic
confounding by better health outcomes among breastfed
children, which has been observed in long-term developed
settings [42] was minimised. A lack of benefits of
breastfeeding by GDM mothers is consistent with the null
association of breastfeeding with adiposity previously
observed in our cohort [12] and cohorts in other settings
with little social patterning of breastfeeding [10] or of
breastfeeding promotion in a randomised controlled trial
[43]. On the other hand, observational studies reporting
health benefits of breastfeeding for children of
GDM mothers mainly referred to longer breastfeeding
duration [7, 9, 40, 41]. Breastfeeding duration in 1990s in
Hong Kong was generally short and rate of exclusively
breastfeeding was low. Our setting was underpowered to
test potential benefits of breastfeeding from GDM mothers
if longer duration of breastfeeding is more beneficial than
short-term breastfeeding among infants exposed to in utero
GDM [7].

Table 4 The adjusted associations of in utero GDM exposure with BMI z-score during infancy, childhood, and adolescence by mode of infant
feeding at 0–3 months

Mode of infant feeding at 0–3 months

Always formula-fed Mixed Always breastfed

BMI z-score (95% CI) at infancy (3 and 9 months) n= 5916 No GDM Ref 0.05 (0.00, 0.10) 0.10 (0.00, 0.19)

GDM −0.17 (−0.28, −0.06) −0.09 (−0.24, 0.06) −0.01 (−0.26, 0.25)

BMI z-score (95% CI) at childhood (2–<8 years) n= 6914 No GDM Ref 0.01 (−0.04, 0.07) 0.03 (−0.08, 0.14)

GDM 0.11 (−0.03, 0.26) 0.18 (0.00, 0.36) −0.07 (−0.42, 0.29)

BMI z-score (95% CI) at adolescence (8–16 years) n= 7171 No GDM Ref 0.01 (−0.05, 0.07) 0.02 (−0.10, 0.14)

GDM 0.22 (0.03, 0.41) 0.27 (0.07, 0.47) 0.09 (−0.29, 0.46)

Adjusted for sex, parity, age (years) at measurements and potential confounders, including maternal characteristics (age and birth place) and family
socio-economic position (proxied by highest parental education)
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Public health implications

Children with in utero exposure to GDM had lower BMI
during infancy but higher BMI in childhood and particularly
in adolescence. With compensatory mechanisms between
consecutive growth phases, catch-down growth in infancy
may promote more rapid childhood growth [17], a growth
trajectory that has been associated with a higher risk of type
2 diabetes [44]. Although shared genetic and living envir-
onments may contribute to some of the link between in
utero exposure to GDM and subsequent adiposity, our
findings support the importance of a life course approach in
combating the obesity and type 2 diabetes epidemics [45],
such as the prevention and control of GDM as well as of
early obesity intervention targeting children exposed to in
utero GDM. Our findings also suggest that short exclusive
breastfeeding by GDM mothers did not contribute to greater
adiposity in children overall and thus does not discourage
breastfeeding in GDM mothers, especially those without
postpartum hyperglycaemia, although confirmation from
intervention studies and randomised controlled trials is
warranted.

Limitations

Some limitations of the study require consideration. GDM
status was self-reported. However a validation study of 94
mothers suggested good agreement between self-reported
GDM status and clinically assessed GDM status. The
majority (97%) reported their GDM status correctly and the
very few invalid reports were over-reporting, making the
observed adverse consequences of maternal GDM con-
servative. We did not have information on treatment of
GDM and treatment may improve pregnancy glucose con-
trol. However this will only make our association of in utero
exposure to GDM with later adiposity more conservative.
Attending the Maternal and Child Health Centre and the
Student Health Service is voluntary. However 80–90% of
the whole cohort was included in the main analyses and
they were not very different from the whole cohort, impli-
cating little selection bias. BMI does not distinguish fat
mass from lean mass and may not be positively linked with
adiposity and metabolic risk at pre-pubertal ages [46] and
high BMI may not necessary reflect great adiposity among
individuals with greater percentage of muscle mass. Weight
and length/height data were obtained from data linkage and
therefore we were unable to assess their validity and
reliability. However, a standard protocol and the same
measuring tools were used in all health assessments. Any
measurement error is likely to be non-differential and bias
towards the null. Finally, breastfeeding duration was short
in this cohort, such that our impact of breastfeeding cannot
directly be extended to those with long breastfeeding

duration without verification from further
studies.

Conclusions

In utero GDM exposure was associated with greater adip-
osity in childhood and adolescence. Prevention and control
of GDM and long-term follow-up of children with in utero
GDM exposure might provide early intervention opportu-
nities to combat the obesity and diabetes epidemics, but
would require confirmation in further intervention studies.
Further studies with larger numbers of children exclusively
breastfed by GDM mothers and longer breastfeeding dura-
tion are also warranted to confirm that breastfeeding by
mothers with GDM does not contribute to greater adiposity
in their children, but might contribute to less adiposity.
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