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Abstract

Background: Animal data suggest sexually dimorphic programming of obesity in re-

sponse to altered intrauterine environment, but the longitudinal impact of gestational

diabetes mellitus (GDM) on sex-specific risk of offspring obesity in humans is unclear.

Methods: We conducted a prospective analysis of 15 009 US individuals (7946 female

and 7063 male) from the Growing-Up Today Study, who were followed from 1996 (ages

9–14 years) through 2010. Height and weight from validated questionnaires were used to

derive body mass index (BMI) at different ages. Obesity during childhood (< 18 years)

and adulthood (� 18 years) were defined using the International Obesity Task Force and

the World Health Organization criteria. GDM exposure was identified through self-

reported questionnaires from mothers. Relative risks were estimated using multivariable

log-binomial regression models with generalized estimating equations accounting for

clustering within the same family.

Results: Male offspring born from pregnancies complicated by GDM had higher BMI

compared with non-GDM offspring and had increased risk of obesity; the adjusted

relative risk [RR, 95% confidence interval (CI)] was 1.47 (1.11–1.95) for all age groups,
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1.59 (1.05–2.41) for late childhood, 1.48 (1.06–2.06) for adolescence and 1.39 (1.00–1.94)

for early adulthood. No significant association between obesity and maternal GDM was

observed among female participants (RR¼0.97, 95% CI: 0.71–1.33).

Conclusions: The association of GDM with offspring obesity from late childhood through

early adulthood may differ by sex; a significant association was observed among male

but not female offspring.
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Introduction

Worldwide, approximately 155 million children aged 5 to

17 years are overweight or obese.1 Once a child is obese,

s/he is more likely to remain obese during adulthood. In

2014, approximately 1.9 billion adults were overweight

and over 600 million were obese.1 Therefore, it is import-

ant to identify risk factors that may contribute to the early

prevention of obesity. Accumulating data suggest that ex-

posure to hyperglycaemia in utero, as occurrs in gesta-

tional diabetes (GDM), may expose offspring to a lifelong

increased risk of obesity.2,3 As one of the most common

pregnancy complications, GDM is complicating as much

as 16.5% of pregnancies worldwide.4,5 Increased intrauter-

ine exposure to glucose, as exemplified among pregnancies

complicated by GDM, may stimulate greater insulin secre-

tion in the fetus, influence epigenetic modifications,6 alter

the developmental programming of appetite control,

modulate the child’s energy balance system and affect adi-

pocyte metabolism.3 These early life changes may subse-

quently lead to the development of obesity and adverse

cardiometabolic health later in life.2,3

Although the association of GDM with offspring obes-

ity has been investigated in a number of epidemiological

studies,7–9 findings are conflicting. This may be partly due

to the fact that the association may vary by offspring age

and become more evident later in life.10 Nonetheless, stud-

ies on the long-term impact of GDM on obesity beyond in-

fancy and childhood (i.e. in adolescence and early

adulthood) remain sparse. In addition, emerging data from

both animal and epidemiological studies suggest that there

is potential sex-specific sensitivity to the intrauterine envir-

onment in relation to the developmental programming of

cardiometabolic outcomes, with males being more respon-

sive to the intrauterine environment.11,12 Thus, male off-

spring may be more vulnerable to the impaired maternal

metabolic profile and suffer from more detrimental effects

in the presence of a stressful event.11 This sex dimorphism

might lead to profound differential long-term health conse-

quences. However, data on sex-specific associations of

GDM with offspring obesity are very limited and mostly

focused on the infancy and early childhood stages;13–15

longitudinal, sufficiently powered studies beyond early

childhood are warranted.

To address these critical knowledge gaps, in the present

study we prospectively examined the sex-specific associ-

ation between exposure to GDM in utero and subsequent

long-term risk of obesity across late childhood, adoles-

cence and early adulthood.

Methods

Study population

The Growing Up Today Study (GUTS) is an ongoing pro-

spective cohort of 16 882 US participants recruited in

childhood at ages 9 to 14 years.16 Participants of the

GUTS study are offspring of women in the Nurses’ Health

Study-II (NHS-II) which included �120 000 female nurses

aged 25–44 years at baseline in 1989.17 Nurses reported

their anthropometric and lifestyle information and medical

history through a self-administered questionnaire every

Key Messages

• In this large prospective cohort of US women and their offspring with long-term follow-up, the adverse impact of

GDM on offspring risk of obesity is sex-specific.

• Exposure to GDM in utero was significantly associated with increased risk of obesity among male participants only,

and the elevated risk persisted across late childhood, adolescence and early adulthood.

• Girls born to women with GDM exhibited different patterns of obesity risk across early life stages compared with

boys, with an increased but non-significant risk of obesity only at 18 years or above.
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2 years, such as body weight, pre-pregnancy weight,

height, smoking status, parity, caesarean section, previous

history of GDM, breastfeeding duration and geographical

region. Participants in the GUTS study were followed from

1996 (mean age 12 years) through 2010 (mean age 25

years). These children’ anthropometry, lifestyle and med-

ical history information was collected annually between

1997 and 2001, and biennially between 2001 and 2010,

such as body weight, height, smoking status, physical ac-

tivity and menarche status. Dietary information was col-

lected using semi-quantitative food frequency

questionnaires annually over 1996–1999 and in 2001. The

study was approved by the institutional review board of

the Harvard T.H. Chan School of Public Health and

Brigham and Women’s Hospital.

We excluded children with missing or with implausible

values on baseline height and weight (n¼ 256), or with

childhood medical conditions that might affect growth

(n¼ 95 for diabetes, juvenile rheumatoid arthritis, inflam-

matory bowel disease, cerebral palsy, Down syndrome,

acute lymphocytic leukaemia, other selected factitious,

endocrine, metabolic, neurological, renal, respiratory (ex-

cept asthma) and orthopaedic conditions, and congenital

anomalies) In addition, we excluded offspring whose

mothers had type 2 diabetes, cardiovascular diseases or

cancer in 1989 (n¼ 470). The final population included

7946 female participants born to 7004 women, and 7063

male participants born to 6180 women.

Exposure

Maternal GDM status in the index pregnancy was self-

reported in the GUTS mothers’ supplementary question-

naire, the NHS II 1989 questionnaire and/or the NHS II

2009 lifetime pregnancy history questionnaire. In the

GUTS supplementary questionnaire to mothers, women

(i.e. participants in the NHSII) were asked if they had

GDM for this index pregnancy. In the NHS II 2009 ques-

tionnaire, women were asked about all pregnancies and

related complications. Based on the child’s identification

number and birth date and the woman’s identification

number, we linked information regarding the index preg-

nancy for each GUTS participant. For those who had

GDM information missing on both the GUTS maternal

supplementary and the NHS II 2009 questionnaires, we ex-

tracted information from the NHS II 1989 baseline ques-

tionnaire.18 The concordance of three questionnaires was

high (97%). Although information on GDM was self-

reported, a previous validation study based on a randomly

selected sample of women from the NHS II has shown

good validity, with 94% of self-reported GDM cases being

confirmed with medical records.17

Outcome

Offspring body mass index (BMI) was calculated based on

height and weight self-reported annually between 1996

and 2001 and biennially between 2001 and 2010.19–21

Overweight and obesity during childhood <18 years) were

defined using age and sex-specific cutoffs based on the

International Obesity Task Force criteria,22 and during

adulthood (�18 years) using the World Health

Organization cutoffs.23 Previous studies had demonstrated

that pre-adolescents,24 adolescents and young adults can

report their height and weight with good validity (r�0.87

for weight and �0.82 for height).25–27

Covariates

From the GUTS study supplementary questionnaire, we

obtained information on each child’s birthweight, gesta-

tional age, medical conditions and duration of breastfeed-

ing during infancy. In the 2009 NHS II questionnaire,

women reported information on the year, gestational age

at delivery, complications and outcomes of all previous

pregnancies. To adjust for maternal adiposity, we ex-

tracted women’s self-reported height and weight preceding

the index pregnancy to calculate pre-pregnancy BMI.28,29

Previous validation study had demonstrated high validity

of self-reported height, weight and weight at age 18 years

(r¼ 0.94 for height, r¼ 0.97 for weight and r¼ 0.84 for

weight at age 18).28,30

Statistical analysis

An a priori sex-specific association between GDM and off-

spring adiposity status was examined. We used generalized

linear model and generalized estimating equation for con-

tinuous (BMI) and binary (obesity status) outcomes, and

specified correct variance-covariance structure to account

for clustering within the same family. We a priori adjusted

for maternal pre-pregnancy BMI, maternal age, geograph-

ical region and pre-pregnancy smoking status. We exam-

ined the association between GDM and offspring obesity

across different age groups, from late childhood (age� 12

years), adolescence (12< age<18 years), and through

early adulthood (age� 18 years). We generated an inter-

action term between GDM and offspring sex and tested for

the significance of interaction using the Wald test.

To test the robustness of our findings, we conducted a

series of sensitivity analyses. To minimize potential re-

sidual confounding from pre-pregnancy BMI, we further

adjusted for it in more detailed categories (< 23, 23–25,

25–27, 27–30, 30–35, 35þ kg/m2) and as a continuous

variable, respectively. In addition, we estimated the joint
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effect of GDM with pre-pregnancy BMI, a major risk fac-

tor for offspring obesity, by modelling combinations of

GDM (yes, no) and BMI categories (BMI<25, 25–29, or

30þ kg/m2). Moreover, we explored whether the observed

association may potentially be mediated through birth-

weight.31 To evaluate whether menarche status of female

participants in the GUTS study modified the GDM-

offspring obesity association, we performed stratified

analysis by menarche status for female participants (pre-

menarche and post-menarche). We also evaluated whether

childhood factors (Tanner stage, total calories intakes,

physical activity, alcohol consumption, smoking status,

eating disorder, sugar-sweetened beverage consumption

and TV watching) modified the association by stratified

analyses. Finally, we additionally adjusted for other preg-

nancy complications (pre-eclampsia, gestational hyperten-

sion and caesarean section delivery), previous GDM

history and paternal height to minimize the potential im-

pact due to residual confounding by unmeasured variables.

We further used bias formula method to evaluate whether

the observed effects could be explained by unmeasured

confounders.32

Results

Overall, among 7946 female offspring participants, 988

became obese during follow-up. Among 7063 male off-

spring, 1047 became obese. Offspring who were born to a

GDM pregnancy were more likely to have high birth-

weight. Their mothers were more likely to be overweight

or obese, and were more likely to have other pregnancy-

related complications, such as hypertensive disorders dur-

ing pregnancy (Table 1). Male participants who were born

to a GDM pregnancy had higher BMI compared with

males who were born to a non-GDM pregnancy, across all

age groups; whereas BMI for female participants did not

differ by maternal GDM status appreciably, across all age

groups (Figure 1). The significant difference persisted even

after adjustment for pre-pregnancy BMI and other

covariates.

Similarly, intrauterine exposure to GDM was associated

with a higher risk of obesity in the male but not the female

offspring (P for interaction< 0.0001, Table 2). For male

participants, GDM was associated with a 47% increase

risk for offspring obesity after adjustment for pre-

pregnancy BMI, maternal age, geographical region and

pre-pregnancy smoking status (Table 2). Overall, pre-

pregnancy BMI appeared to be the strongest confounder

for the association between GDM and offspring obesity

(Table 2). No significant association was observed for fe-

male participants. Results did not change considerably

when pre-pregnancy BMI was modelled in six categories

(< 23, 23–25, 25–27, 27–30, 30–35, 35þ kg/m2) or as a

continuous variable (data not shown).

We further examined the association of GDM with off-

spring risk of obesity at three critical developmental peri-

ods: late childhood, adolescence and early adulthood. For

male participants, elevated risk of obesity was observed

from late childhood through early adulthood: a 1.6-fold

increased risk of obesity during late childhood, 1.5-fold

during adolescence and 1.4-fold during early adulthood

(Table 2). For female participants, no significant associ-

ation was observed in any of the three developmental peri-

ods (Table 2). Moreover, the associations for female

participants remained null regardless of menarche status

(RR¼0.97; 95% CI: 0.71–1.34 for pre-menarche;

RR¼ 1.02; 95% CI: 0.57–1.82 for post-menarche).

We observed significant interactions between GDM and

pre-pregnancy BMI, in particular among male offspring (P

for interaction¼ 0.0003 for male offspring, 0.6 for female

offspring; Supplementary Figure 1, available as

Supplementary data at IJE online). The highest risk group

for male offspring was those born to GDM women who

were obese before the index pregnancy; adjusted RR for

them was 11.41 (95% CI: 4.92, 26.46) as compared with

male offspring who were born to non-GDM women who

were normal weight before pregnancy. Adjusted RR for fe-

male offspring was 3.8 (95% CI: 2.19, 6.65;

Supplementary Figure 2, available as Supplementary data

at IJE online).

In sensitivity analyses, the results on associations of

GDM with offspring’s risk of obesity were similar after

additional adjustment for paternal height, previous GDM

history, birthweight, pregnancy complications and off-

spring childhood characteristics. Notably, the mediating

effect attributed to birthweight was not significant among

either male or female offspring (P¼ 0.91 and 0.81, respect-

ively; Supplementary Table 1, available as Supplementary

data at IJE online). Sensitivity analyses also indicated that

only under the condition of extreme unmeasured con-

founding could the observed elevated relative risk of 1.40

between GDM and offspring obesity among males be

reduced to null. The unmeasured confounder would need

to associated with both the risk of GDM and the risk of

obesity by 2.1 fold each, above and beyond the measured

confounders.

Discussion

In this prospective cohort study among 15 009 participants

with 14 years of follow-up, we observed that maternal

GDM was associated with a higher risk of obesity in late

childhood, adolescence and early adulthood for male par-

ticipants, but not for female participants. Furthermore, the
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observed association among male offspring remained sig-

nificant even after adjustment for pre-pregnancy BMI, a

major risk factor not adequately adjusted for in a consider-

able number of previous studies.

The ‘fetal programming theory’ highlights the signifi-

cance of investigating the long-term implication of subopti-

mal intrauterine exposure on offspring health.33 Maternal

hyperglycaemia can lead to fetal overnutrition, induce a

pro-inflammatory state with increased oxidative stress,34

modify methylation and expression of genes associated

with appetite,6,35,36 stimulate insulin secretion,37 induce

neurohormonal and epigenetic changes in the hypothal-

amus37–39 and lead to high adiposity at birth,3 which may

subsequently set the offspring on a trajectory to obesity

later in life.2,33

The association of GDM with offspring obesity risk has

been investigated in a number of epidemiological studies.7–9

Findings have been inconsistent, partly due to the different

Table 1. Age-standardized baseline characteristics of offspring participants from the Growing Up Today Study (GUTS) and their

mothers from the Nurses’ Health Study II (NHSII)

Female participants Male participants

Born to GDM

pregnancy

Born to non-GDM

pregnancy

Born to GDM

pregnancy

Born to non-GDM

pregnancy

N 396 7550 360 6703

Maternal characteristics

Age, years 29.6 (3.6) 29.4 (3.5) 29.5 (3.8) 29.4 (3.5)

Hypertensive disorder during pregnancy, % 9 3 7 3

Pre-eclampsia/toxaemia during pregnancy, % 7 4 8 4

Caesarean section, % 27 18 29 18

Pre-pregnancy body mass index (kg/m2) 23.2 (4.4) 22.1 (3.3) 23.3 (4.2) 22.2 (3.5)

Body mass index at age 18 (kg/m2) 21.1 (3.2) 20.9 (2.8) 21.3 (3.0) 21.0 (2.9)

Parity 1.7 (0.8) 1.8 (0.9) 1.7 (0.9) 1.7 (0.9)

Pre-pregnancy smoking, %

Never smoker 69 70 70 70

Past smoker 9 9 7 8

Current smoker 22 21 23 22

Previous history of GDM, % 15 0 19 0

Breastfeeding duration

Never breastfeeding, % 11 10 11 10

<1 month, % 7 5 5 5

1–9 months, % 50 47 47 45

>9 months, % 32 32 31 30

Offspring characteristics at birth

Birthweight, %

<5 pounds (2268 grams) 2 2 2 1

5–5.4 pounds (2449 grams) 1 2 1 1

5.5–6.9 pounds (3130 grams) 12 17 12 12

7–8.4 pounds (3810 grams) 60 61 49 58

8.5–9.9 pounds (4491 grams) 22 17 28 25

10+ pounds (4536 grams) 3 1 8 3

Birth order 1.6 (0.8) 1.7 (0.9) 1.8 (0.9) 1.7 (0.9)

Offspring characteristics at baseline (1996)

Age 11.4 (1.5) 11.6 (1.6) 11.3 (1.6) 11.4 (1.6)

Current smoking, % 22 21 24 22

Race/ethnicity, White % 92 95 94 94

Body mass index (kg/m2) 19.4 (3.6) 19.1 (3.5) 19.9 (4.1) 19.2 (3.5)

Body mass index change from 1996 to 2010 (kg/m2) 4.5 (4.1) 4.3 (3.8) 4.6 (4.3) 4.6 (3.7)

Total caloric intake, kcal/day 2075 (711) 2044 (642) 2319 (767) 2287 (714)

Physical activity, MET h/week 15.4 (8.6) 16.1 (8.4) 15.8 (8.0) 16.5 (8.2)

Menstrual periods begun, % 34 34

Alcohol intake, g/day 0.04 (0.3) 0.04 (0.4) 0.09 (0.9) 0.05 (0.4)

Values are means (SD) unless otherwise specified.
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age groups examined and confounding factors adjusted for.

Moreover, pre-pregnancy BMI, an important confounder for

this association, was appropriately accounted for in few stud-

ies.7–9 Furthermore, the majority of the literature focused on

early childhood; studies with long-term follow-up of the off-

spring through adolescence and adulthood are extremely

sparse.40, 41 The elevated risk of obesity among male partici-

pants in our study was consistent with a large sibling study

among Swedish men at age 18.42 However, the Swedish

study only included male participants. Further, findings from

sensitivity analysis suggested that birthweight only accounted

for a minimal proportion of the association between GDM

and offspring obesity. This observation is consistent with pre-

vious data reporting that birthweight did not markedly at-

tenuate the association of interest.14,19,43,44 Taken together,

these data suggest that GDM may predispose offspring to

increased risk of obesity in later life via mechanisms beyond

excessive fetal growth, as indicated by birthweight.

Figure 1. Body mass index of offspring born to a pregnancy with vs without gestational diabetes (GDM) by offspring sex.

Covariates in the multivariate model include age (continuous), maternal age (continuous), pre-pregnancy body mass index (BMI:< 24.99, 25–29,

30þ kg/m2), geographical region (Northeast, Midwest, West, South) and pre-pregnancy smoking status (never, past, current).

Purple line indicates female offspring born from pregnancies complicated by GDM.

Green line indicates female offspring born from pregnancies uncomplicated by GDM.

Yellow line indicates male offspring born from pregnancies uncomplicated by GDM.

Orange line indicates male offspring born from pregnancies complicated by GDM.

Table 2. Multivariate adjusted relative risk (95% confidence interval)a for the association between maternal gestational diabetes

and sex-specific offspring risk of obesity

All Female participants Male participants

Alla,* Obesity cases (N) 2035 988 1047

Age-adjusted modelb 1.45 (1.16–1.80) 1.19 (0.88–1.63) 1.69 (1.26–2.26)

Multivariate modelc 1.28 (1.04–1.58) 0.94 (0.69–1.27) 1.61 (1.23–2.10)

Multivariate modeld 1.23 (0.99–1.52) 0.97 (0.71–1.33) 1.47 (1.11–1.95)

Age<12 years Obesity cases (N) 590 264 326

Multivariate modeld 1.29 (0.92–1.81) 0.95 (0.53–1.71) 1.59 (1.05–2.41)

12� age<18 years Obesity cases (N) 1181 509 672

Multivariate modeld 1.19 (0.91–1.56) 0.87 (0.57–1.32) 1.48 (1.06–2.06)

Age�18 years Obesity cases (N) 1541 785 756

Multivariate modeld 1.22 (0.96–1.54) 1.06 (0.77–1.46) 1.39 (1.00–1.94)

aRelative risk using offspring born to non-GDM women as the reference group.
bAge-adjusted model: age (continuous).
cMultivariate model: age (continuous), pre-pregnancy body mass index <24.99, 25–29, 30þ kg/m2).
dMultivariate model: age (continuous), pre-pregnancy body mass index (<24.99, 25–29, 30þkg/m2), maternal age (continuous), geographical region

(Northeast, Midwest, West, South) and pre-pregnancy smoking status (never, past, current).

*P for interaction by offspring sex< 0.0001.
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Our findings of a sex-specific association of maternal

GDM with increased risk of obesity among male offspring

are in line with emerging evidence supporting the sex-

specific effect of maternal glycaemia on offspring cardio-

metabolic phenotype. It was observed that glycaemic level

strongly predicted adiposity for male infants but not for fe-

male infants.45 Male participants of GDM mothers had

higher adiposity at age 8 years, but not their female coun-

terparts.14 Similarly among a Spanish population, GDM

was associated with macrosomia only among male new-

borns but not among females.13 Moreover, some biological

evidence suggested that placentas of male fetuses are more

efficient and have less reserve capacity than placentas of fe-

male fetuses.11 In the womb, male fetuses grow faster and

are more sensitive to stressful events and maternal preg-

nancy diet compared with female fetuses.3,46,47 Some add-

itional evidence suggests sex differences in metabolic

function, epigenetics and paediatric obesity risk.48–53

Despite these findings, long-term sex-specific effects of

GDM on offspring obesity, particularly beyond early child-

hood, among humans is largely unknown. The existing

studies were of short duration of follow-up (mean age of

the offspring was less than 8 years) and small sample size.

Data from the present study provided the evidence that

long-term impacts of GDM on offspring obesity risk may

differ by sex, with an elevated risk being evident only

among male participants from late childhood through early

adulthood, which may be used to inform obesity interven-

tion strategies among high-risk children born to women

with GDM. Specifically, sex-specific interventions may be

warranted, particularly targeting boys as early as child-

hood. Moreover, despite the overall null association

among girls, the positive although non-significant associ-

ation between intrauterine exposure to GDM and risk of

obesity at 18 years and above might suggest a delayed

onset of increased obesity risk. Longitudinal data with lon-

ger follow-up beyond early adulthood are warranted.

Strengths of our study include large sample size, long-

term follow up and repeated measurement of weight and

lifestyle information prospectively collected for both moth-

ers and offspring. Moreover, we have been able to follow

offspring up until early adulthood and were able to exam-

ine the long-term influences of GDM on offspring obesity.

Moreover, detailed information was collected on pre-

pregnancy BMI, which was not adequately adjusted for in

many previous studies.12,13 Further, we have extensive in-

formation on pregnancy complications, detailed informa-

tion on lifetime pregnancy history and were able to

identify GDM status for the index pregnancy. For our ana-

lytical approach, we accounted for clustering within the

family and were able to examine the association in late

childhood, adolescence and early adulthood, respectively.

Several potential limitations merit discussion. GDM was

a self-reported physician diagnosis. However, a previous

validation study demonstrated that self-reported GDM sta-

tus by nurses has good validity and accuracy.28 Our study

participants were all offspring of nurses from the NHS II

which, by design, reduces confounding by socioeconomic

factors. The majority of our study participants were mostly

non-Hispanic White with relatively high or average socioe-

conomic status. Future studies among other race/ethnicities

and low socioeconomic groups are warranted. Height and

weight were self-reported by the study participants and

measurement errors are inevitable. However, previous stud-

ies have shown reasonable validity for self-reported height

and weight among adolescents.34,35

In this large long-term prospective cohort of US women

and their offspring, exposure to GDM in utero was associ-

ated with increased risk of obesity for male participants

only. The elevated risk persisted across late childhood,

adolescence and early adulthood. Further studies are war-

ranted to confirm these findings in other populations, in

particular of other race/ethnicities, and to elucidate the

underlying biological mechanisms.
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Supplementary data are available at IJE online.

Funding

This work was supported by the Intramural Research Program of

the Eunice Kennedy Shriver National Institute of Child Health and

Human Development, National Institutes of Health (contract No.

HHSN275201000020C). The Nurses’ Health Study II was funded

by research grants DK58845, CA50385, P30 DK46200 and UM1

CA176726 from the National Institutes of Health.

Acknowledgements
The authors thank the other investigators, the staff and the partici-

pants of the GUTS study for their valuable contributions. We also

thank Brian Brown at National Institute of Health Library for his

help with editing this manuscript. The references have been checked

for accuracy and completeness. CZ acts as guarantor for this manu-

script and confirms that this research work has not been published

previously in a substantively similar form.

Conflict of interest: The authors declare no conflicts of interest.

References

1. World Health Organization. Obesity: Preventing and Managing

the Global Epidemic. Geneva: World Health Organization,2016.

2. Gillman MW, Ludwig DS. How early should obesity prevention

start? N Engl J Med 2013;369:2173–75.

3. Lawlor DA. The Society for Social Medicine John Pemberton

Lecture 2011. Developmental overnutrition–an old hypothesis

with new importance? Int J Epidemiol 2013;42:7–29.

International Journal of Epidemiology, 2017, Vol. 46, No. 5 1539



4. Guariguata L, Linnenkamp U, Beagley J, Whiting DR, Cho NH.

Global estimates of the prevalence of hyperglycaemia in preg-

nancy. Diabetes Res Clin Pract 2014;103:176–85.

5. Zhu Y, Zhang C. Prevalence of gestational diabetes and risk of

progression to Type 2 diabetes: a global perspective. Curr Diab

Rep 2016;16:7.

6. Sharp GC, Lawlor DA, Richmond RC et al. Maternal pre-

pregnancy BMI and gestational weight gain, offspring DNA

methylation and later offspring adiposity: findings from the

Avon Longitudinal Study of Parents and Children. Int J

Epidemiol 2015;44:1288–304.

7. Kim SY, England JL, Sharma JA, Njoroge T. Gestational dia-

betes mellitus and risk of childhood overweight and obesity in

offspring: a systematic review. Exp Diabesity Res 2011;2011:

541308.

8. Kim SY, Sharma AJ, Callaghan WM. Gestational diabetes and

childhood obesity: what is the link? Curr Opin Obstet Gynecol

2012;24:376–81.

9. Philipps LH, Santhakumaran S, Gale C et al. The diabetic preg-

nancy and offspring BMI in childhood: a systematic review and

meta-analysis. Diabetologia 2011;54:1957–66.

10. Vohr BR, Boney CM. Gestational diabetes: the forerunner for

the development of maternal and childhood obesity and meta-

bolic syndrome? J Matern Fetal Neonatal Med 2008;21:149–57.

11. Eriksson JG, Kajantie E, Osmond C, Thornburg K, Barker DJ.

Boys live dangerously in the womb. Am J Hum Biol 2010;22:

330–35.

12. Gabory A, Attig L, Junien C. Sexual dimorphism in environmen-

tal epigenetic programming. Mol Cell Endocrinol 2009;304:

8–18.

13. Ricart W, Lopez J, Mozas J et al. Maternal glucose tolerance sta-

tus influences the risk of macrosomia in male but not in female

fetuses. J Epidemiol Community Health 2009;63:64–68.

14. Regnault N, Gillman MW, Rifas-Shiman SL, Eggleston E, Oken

E. Sex-specific associations of gestational glucose tolerance with

childhood body composition. Diabetes Care 2013;36:3045–53.

15. Krishnaveni GV, Veena SR, Hill JC, Kehoe S, Karat SC, Fall CH.

Intrauterine exposure to maternal diabetes is associated with

higher adiposity and insulin resistance and clustering of cardio-

vascular risk markers in Indian children. Diabetes Care 2010;33:

402–04.

16. Rockett HR, Berkey CS, Field AE, Colditz GA. Cross-sectional

measurement of nutrient intake among adolescents in 1996. Prev

Med 2001;33:27–37.

17. Solomon CG, Willett WC, Carey VJ et al. A prospective study of

pregravid determinants of gestational diabetes mellitus. JAMA

1997;278:1078–83.

18. Olson JE, Shu XO, Ross JA, Pendergrass T, Robison LL.

Medical record validation of maternally reported birth charac-

teristics and pregnancy-related events: a report from the

Children’s Cancer Group. Am J Epidemiol 1997;145:58–67.

19. Gillman MW, Rifas-Shiman S, Berkey CS, Field AE, Colditz GA.

Maternal gestational diabetes, birth weight, and adolescent obes-

ity. Pediatrics 2003;111:e221–26.

20. Field AE, Sonneville KR, Falbe J et al. Association of sports

drinks with weight gain among adolescents and young adults.

Obesity (Silver Spring) 2014;22:2238–43.

21. Oken E, Rifas-Shiman SL, Field AE, Frazier AL, Gillman MW.

Maternal gestational weight gain and offspring weight in adoles-

cence. Obstet Gynecol 2008;112:999–1006.

22. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a

standard definition for child overweight and obesity worldwide:

international survey. BMJ 2000;320:1240–43.

23. World Health Organization. Obesity: Preventing And Managing

The Global Epidemic. Geneva: WHO, 2000.

24. Tokmakidis SP, Christodoulos AD, Mantzouranis NI. Validity

of self-reported anthropometric values used to assess body mass

index and estimate obesity in Greek school children. J Adolesc

Health 2007;40:305–10.

25. Elgar FJ, Roberts C, Tudor-Smith C, Moore L. Validity of self-

reported height and weight and predictors of bias in adolescents.

J Adolesc Health 2005;37:371–75.

26. Strauss RS. Comparison of measured and self-reported weight

and height in a cross-sectional sample of young adolescents. Int J

Obes Relat Metab Disord 1999;23:904–08.

27. Goodman E, Hinden BR, Khandelwal S. Accuracy of teen and

parental reports of obesity and body mass index. Pediatrics

2000;106:52–58.

28. Troy LM, Hunter DJ, Manson JE, Colditz GA, Stampfer MJ,

Willett WC. The validity of recalled weight among younger

women. Int J Obes Relat Metab Disord 1995;19:570–72.

29. Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes

in diet and lifestyle and long-term weight gain in women and

men. N Engl J Med 2011;364:2392–404.

30. Rimm EB, Stampfer MJ, Colditz GA, Chute CG, Litin LB,

Willett WC. Validity of self-reported waist and hip circumfer-

ences in men and women. Epidemiology 1990;1:466–73.

31. Kramer MS, Zhang X, Bin Aris I et al. Methodological chal-

lenges in studying the causal determinants of child growth. Int J

Epidemiol 2016;45:2030–37.

32. Vanderweele TJ, Arah OA. Bias formulas for sensitivity analysis

of unmeasured confounding for general outcomes, treatments,

and confounders. Epidemiology 2011;22:42–52.

33. Gillman MW. A Life Course Approach to Obesity. Oxford, UK:

Oxford University Press, 2004.

34. Westermeier F, Saez PJ, Villalobos-Labra R, Sobrevia L, Farias-

Jofre M. Programming of fetal insulin resistance in pregnancies

with maternal obesity by ER stress and inflammation. BioMed

Res Int 2014;2014:917672.

35. Ruchat SM, Hivert MF, Bouchard L. Epigenetic programming of

obesity and diabetes by in utero exposure to gestational diabetes

mellitus. Nutr Rev 2013;71(Suppl 1):S88–94.

36. Ruchat SM, Houde AA, Voisin G et al. Gestational diabetes mel-

litus epigenetically affects genes predominantly involved in meta-

bolic diseases. Epigenetics 2013;8:935–43.

37. Wattez JS, Delahaye F, Lukaszewski MA et al. Perinatal nutri-

tion programs the hypothalamic melanocortin system in off-

spring. Horm Metab Res 2013;45:980–90.

38. Nielsen JH, Haase TN, Jaksch C et al. Impact of fetal and neo-

natal environment on beta cell function and development of dia-

betes. Acta Obstet Gynecol Scand 2014;93:1109–22.

39. Remmers F, Delemarre-van de Waal HA. Developmental pro-

gramming of energy balance and its hypothalamic regulation.

Endocr Rev 2011;32:272–311.

1540 International Journal of Epidemiology, 2017, Vol. 46, No. 5



40. Lawlor DA, Fraser A, Lindsay RS et al. Association of existing

diabetes, gestational diabetes and glycosuria in pregnancy with

macrosomia and offspring body mass index, waist and fat mass

in later childhood: findings from a prospective pregnancy cohort.

Diabetologia 2010;53:89–97.

41. Pirkola J, Pouta A, Bloigu A et al. Risks of overweight and ab-

dominal obesity at age 16 years associated with prenatal expos-

ures to maternal prepregnancy overweight and gestational

diabetes mellitus. Diabetes Care 2010;33:1115–21.

42. Lawlor DA, Lichtenstein P, Langstrom N. Association of mater-

nal diabetes mellitus in pregnancy with offspring adiposity into

early adulthood: sibling study in a prospective cohort of 280,866

men from 248,293 families. Circulation 2011;123:258–65.

43. Pettitt DJ, Knowler WC, Bennett PH, Aleck KA, Baird HR.

Obesity in offspring of diabetic Pima Indian women despite nor-

mal birth weight. Diabetes Care 1987;10:76–80.

44. Wright CS, Rifas-Shiman SL, Rich-Edwards JW, Taveras EM,

Gillman MW, Oken E. Intrauterine exposure to gestational dia-

betes, child adiposity, and blood pressure. Am J Hypertens 2009;

22:215–20.

45. Lingwood BE, Henry AM, d’Emden MC et al. Determinants of

body fat in infants of women with gestational diabetes mellitus

differ with fetal sex. Diabetes Care 2011;34:2581–85.

46. van Abeelen AF, de Rooij SR, Osmond C et al. The sex-specific

effects of famine on the association between placental size and

later hypertension. Placenta 2011;32:694–98.

47. Mittwoch U. Blastocysts prepare for the race to be male. Hum

Reprod 1993;8:1550–55.

48. Crume TL, Ogden L, West NA et al. Association of exposure to

diabetes in utero with adiposity and fat distribution in a

multiethnic population of youth: the Exploring Perinatal

Outcomes among Children (EPOCH) Study. Diabetologia 2011;

54:87–92.

49. Desai M, Jellyman JK, Ross MG. Epigenomics, gestational pro-

gramming and risk of metabolic syndrome. Int J Obes 2015;39:

633–41.

50. Hawkes CP, Hourihane JO, Kenny LC, Irvine AD, Kiely M,

Murray DM. Gender- and gestational age-specific body fat per-

centage at birth. Pediatrics 2011;128:e645–51.

51. Katkhuda R, Peterson ES, Roghair RD, Norris AW, Scholz TD,

Segar JL. Sex-specific programming of hypertension in off-

spring of late-gestation diabetic rats. Pediatr Res 2012;72:

352–61.

52. Newbern D, Gumus Balikcioglu P, Balikcioglu M et al. Sex

differences in biomarkers associated with insulin resistance

in obese adolescents: metabolomic profiling and principal

components analysis. J Clin Endocrinol Metab 2014;99:

4730–39.

53. Dahlhoff M, Pfister S, Blutke A et al. Peri-conceptional obeso-

genic exposure induces sex-specific programming of disease sus-

ceptibilities in adult mouse offspring. Biochim Biophys Acta

2014;1842:304–17.

International Journal of Epidemiology, 2017, Vol. 46, No. 5 1541


	dyx151-TF6
	dyx151-TF1
	dyx151-TF2
	dyx151-TF3
	dyx151-TF4
	dyx151-TF5

