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Abstract

Aims/hypothesis—We previously showed that intrauterine exposure to gestational diabetes 

mellitus (GDM) increases selected markers of adiposity in pre-pubertal adolescents. In the present 

study, we examined these associations in adolescence, and explored whether they are strengthened 

as the participants transition through puberty.

Methods—Data from 597 individuals (505 unexposed, 92 exposed) participating in the 

longitudinal Exploring Perinatal Outcomes among Children (EPOCH) study in Colorado were 

collected at two research visits when the participants were, on average, 10.4 and 16.7 years old. 

Adiposity measures included BMI, waist/height ratio, and visceral and subcutaneous adipose 

tissue (as determined by MRI). Separate general linear mixed models were used to assess the 

longitudinal relationships between exposure to maternal GDM and each adiposity outcome. We 

tested whether the effect changed over time by including an interaction term between exposure and 

age in our models, and whether the associations were explained by postnatal behaviours.

Results—Compared with unexposed participants, those exposed to maternal GDM had higher 

BMI (β = 1.28; 95% CI 0.35, 2.21; p < 0.007), waist/height ratio (β = 0.03; 95% CI 0.01, 0.04; p = 

0.0004), visceral adipose tissue (β = 4.81; 95% CI 1.08, 8.54; p = 0.01) and subcutaneous adipose 
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tissue (β = 35.15; 95% CI 12.43, 57.87; p < 0.003). The magnitude of these differences did not 

change over time and the associations did not appear to be explained by postnatal behaviours.

Conclusions/interpretation—Our data provide further evidence that intrauterine exposure to 

maternal GDM is associated with increased offspring adiposity, an effect that appears early in life 

and tracks throughout adolescence. Efforts to prevent childhood obesity following intrauterine 

exposure to maternal GDM should target the prenatal or early life periods.
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Introduction

Over the last 50 years, the prevalence of overweight and obesity in youth has increased, with 

both conditions appearing at increasingly younger ages [1]. Obesity in childhood and 

adolescence is associated with long-term consequences, including more obesity [2], type 2 

diabetes [3], and cardiovascular morbidity and mortality later in life [4]. Over the last two 

decades, the SEARCH for Diabetes in Youth study showed a rise in youth-onset type 2 

diabetes [5], a condition that often occurs following obesity in childhood, suggesting that the 

early health risks associated with obesity can lead to long-lasting conditions in early 

adolescence.

Exposure to maternal gestational diabetes mellitus (GDM) during the intrauterine life leads 

to increased fetal growth, and fuel-mediated teratogenesis has been one of the suggested 

mechanisms responsible for fetal overnutrition [6] and its long-term consequences [7]. 

Positive associations have been observed between fetal exposure to maternal GDM and 

increased offspring BMI during childhood and adolescence [8–16]; however, less is known 

about the impact on fat patterning and distribution. The Exploring Perinatal Outcomes 

among Children (EPOCH) study is one of only a few studies that have incorporated more 

specific measures of adiposity and fat distribution. In 2011, Crume et al reported that 

exposure to maternal GDM is associated with more subcutaneous fat in mostly pre-pubertal 

children (mean age 10.5 years) [11]. In addition, few published studies have explored the 

association between exposure to maternal GDM and offspring adiposity longitudinally [13, 

14] and none have explored whether the association strengthens as the participants transition 

through puberty. Puberty is a sensitive postnatal period of development that is characterised 

by many social and biological transitions. It is possible that this postnatal sensitive period 

may interact with fetal exposures, such as exposure to maternal GDM, and thereby either 

enhance or mitigate the risk of chronic diseases or their precursors.

This manuscript builds on previous work of the EPOCH study and explores the associations 

between exposure to maternal GDM and offspring adiposity throughout childhood and 

adolescence, using precise adiposity measures and longitudinally collected data. We also 

explored whether the magnitude of the associations changed over time as participants aged 

and transitioned through puberty. As secondary analyses, we examined whether the effect of 

intrauterine exposure to maternal GDM on offspring adiposity was partially explained by 

offspring behaviours or confounded by maternal pre-pregnancy BMI.

Hockett et al. Page 2

Diabetologia. Author manuscript; available in PMC 2020 October 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods

Study population

The EPOCH study is a historical, prospective, multiethnic cohort study that recruited 604 

mother/child dyads in Colorado, selected based on their intrauterine exposure to maternal 

GDM status. Participants were offspring of singleton pregnancies, exposed or not exposed to 

maternal GDM in utero, born at a single hospital in Denver between 1992 and 2002, whose 

biological mothers were members of the Kaiser Permanente of Colorado (KPCO) Health 

Plan. More detailed information on the study population and methodology has been 

previously published [11]. Participants and their mothers were invited to participate in two 

research visits at mean ages of 10.4 (SD = 1.5) and 16.7 (SD = 1.2) years, at which time 

demographic, anthropometric and adiposity measures were collected and pubertal staging 

was assessed. The study was approved by the appropriate institutional review boards. 

Mothers provided written, informed consent and the children provided written assent.

Exposure definition

Exposure to maternal GDM was defined as a physician diagnosis of gestational diabetes 

during the index pregnancy. Diabetes status was ascertained from the KPCO perinatal 

database, an electronic database that links prenatal and neonatal medical records. All 

pregnant women at KPCO were routinely screened for GDM at 24–28 weeks using the two-

step standard protocol [17]. GDM was diagnosed when two or more glucose values during 

the diagnostic 3 h 100 g OGTT met or exceeded the criteria for a positive test, as 

recommended by the National Diabetes Data Group [18]. Ninety-two mothers were 

diagnosed with GDM.

Adiposity outcomes

Offspring adiposity outcomes were evaluated during in-person research visits conducted by 

trained research staff at the University of Colorado Anschutz Medical Campus. The height 

and weight of the child were measured in light clothing and without shoes at each visit. 

Waist circumference was measured according to the National Health and Nutrition 

Examination Survey protocol [19]. BMI was calculated as weight (kg) divided by height (m) 

squared. Waist/height ratio (WHR) was calculated for each research visit as waist 

circumference divided by height, both measured in the same unit (cm). Visceral adipose 

tissue (VAT) and subcutaneous adipose tissue (SAT) were quantified by taking an MRI of 

the abdominal region with a 3 T HDx Imager (General Electric, Waukashau, WI, USA). The 

MRI was performed by a trained technician. Each study participant was in a supine position. 

A series of T1-weighted coronal images were taken to locate the L4/L5 plane. One axial, 10 

mm, T1-weighted image, at the umbilicus or L4/L5 vertebrae, was analysed to determine 

SAT and VAT contents. MRI images were analysed by a single reader, blinded to exposure 

status.

Other measurements

Offspring age was calculated using the date of research visit minus the date of birth. The sex 

of the child was based on report from the mother, or self-report from the child. Race/
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ethnicity was self-reported at each research visit using the 2000 US Census basequestions 

and categorised as Hispanic (any race), non-Hispanic white, non-Hispanic black or non-

Hispanic other. For this analysis, we collapsed race/ethnicity into two race categories, non-

Hispanic white and other, due to small sample sizes in the non-Hispanic black and non-

Hispanic other categories. Pubertal development was self-reported by the offspring at each 

visit using diagrammatic representations of Tanner staging adapted from Marshall and 

Tanner [20]. Tanner stage (TS) 1–5 was classified on the basis of the appearance of pubic 

hair for males and the stage of breast development for females. We further categorised 

puberty into pre-pubertal (TS 1) and pubertal (TS 2–5). The participant’s diet at each visit 

was assessed using a modified version of the Block Kid’s Food Questionnaire, a semi-

quantitative usual intake food frequency questionnaire developed specifically for participants 

aged 8 years and older [21]. In this analysis, we used energy from fat as a percentage of total 

daily energy intake as the variable of interest. Physical activity was obtained by self-report 

using a 3 day physical activity recall questionnaire, where questions based on key activities 

performed during the previous 3 days were queried. Results were reported as the mean 

number of 30 min blocks of vigorous activity per day. Maternal pre-pregnancy BMI was 

calculated from the KPCO-measured weight before the last menstrual cycle preceding 

pregnancy and height collected at the in-person research visit.

Statistical analysis

All individuals were eligible for the primary analysis, whereas only individuals who had diet 

and physical activity data or maternal pre-pregnancy BMI data were included in the 

secondary analyses. We computed descriptive statistics for exposed and unexposed, and used 

t tests and χ2 tests to compare the two groups. To test the effect of intrauterine exposure to 

maternal GDM on the offspring adiposity outcomes across the two research visits that span 

puberty, we fit separate general linear mixed models for the continuous outcomes of BMI, 

WHR, VATand SAT. The models assumed an unstructured covariance matrix and included a 

random intercept. Use of mixed models for the purposes of our research questions is ideal as 

they appropriately account for correlations between the repeated adiposity measurements 

within the same participant, and they are more efficient than modelling change in the 

adiposity outcomes over time as they do not require that every participant has exactly the 

same number of repeated measurements and, thus, are suited to handling missing data [22]. 

We used Kenward–Roger df and the Wald F test to assess significance [23]. To test whether 

the effect of intrauterine exposure to maternal GDM on offspring adiposity changed over 

time, we used an interaction term between exposure and age. Due to possible differences in 

biological mechanisms, we additionally tested for effect modification of exposure status by 

sex, race/ethnicity and pubertal stage, by including appropriate interaction terms in each 

model. If interaction terms were not significant based on a p value <0.05, they were removed 

and models adjusted for the individual covariate terms. To examine modelling assumptions, 

variance inflation factors were calculated across model covariates, and Cook’s distance was 

used to pinpoint influential outliers. Jack-knifed studentised residuals were used to assess 

homoscedasticity and linearity. Adjusted β coefficients and corresponding 95% CIs were 

reported. Base models were adjusted for child’s age, sex, race/ethnicity and pubertal status, 

which were chosen a priori and were included in the model regardless of significance. For 

the secondary analyses, we added repeated measures of offspring behavioural covariates 
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(daily 30 min blocks of vigorous physical activity and daily percentage of energy from fat) 

to the base model. We also explored the effect of maternal pre-pregnancy BMI on the 

association between exposure to maternal GDM and adiposity outcomes by adding maternal 

pre-pregnancy BMI to the base model.

Results

A total of 604 participants completed the first research visit and 418 participants completed 

the second research visit. We excluded seven child/mother dyads from the primary analysis 

due to exposure to type 1 diabetes; therefore, an analytic sample of 597 participants was 

used in the primary analysis. Mean ± SD ages of exposed and unexposed participants were 

9.5 ± 1.7 and 10.6 ± 1.4 years for the first research visit, respectively (p < 0.001), and 15.9 ± 

1.0 and 16.8 ± 1.5 years for the second research visit, respectively (p < 0.001). Compared 

with participants who only attended the first research visit (n = 597), those who attended 

both the first and second research visits (n = 411) were not significantly different in terms of 

race/ethnicity, sex or intrauterine exposure to diabetes (race/ethnicity: 48.1% vs 51.3%, p = 

0.32; sex: 50.3% vs 50.1%, p = 0.95; exposure status: 15.4% vs 17.3%, p = 0.42, 

respectively). Of those who completed the first research visit, 15.4% of participants were 

exposed to maternal GDM compared with 17.3% in the second research visit. The 

distribution of sociodemographic characteristics was not significantly different between the 

primary and secondary analyses (diet and physical activity, n = 591; maternal pre-pregnancy 

BMI, n = 437; electronic supplementary material Table 1). Maternal and offspring 

characteristics by exposure status are summarised in Table 1.

On average, participants exposed to maternal GDM had significantly higher BMI (21.99 vs 

20.71 kg/m2; β = 1.28; 95% CI 0.35, 2.21; p < 0.007), WHR (0.49 vs 0.46; β = 0.03; 95% 

CI 0.01, 0.04; p = 0.0004), VAT (31.00 vs 26.19 mm2; β = 4.81; 95% CI 1.08, 8.54; p = 

0.01) and SAT (186.93 vs 151.78 mm2; β = 35.15; 95% CI 12.43, 57.87; p < 0.003) 

compared with unexposed participants (Table 2). The effect of exposure to maternal GDM 

did not change over time (exposure × age interaction: BMI, p = 0.94; WHR, p = 0.19; VAT, 

p = 0.34; SAT, p = 0.90). Child sex, race/ethnicity or pubertal status did not modify the 

association between exposure to maternal GDM and offspring adiposity (all interactions p > 

0.05).

In our secondary analyses, we separately adjusted for postnatal behaviours (child’s physical 

activity and diet, assessed longitudinally) and additional confounders (maternal pre-

pregnancy BMI). The magnitude of the association between exposure to maternal GDM and 

adiposity remained similar for all adiposity outcomes after adjusting for the offspring’s 

physical activity and diet (Table 3). When adjusting for maternal pre-pregnancy BMI, the 

associations between exposureto maternal GDM and adiposity were attenuated to non-

significance, except for VAT (β = 6.36, p = 0.0008 vs β = 4.27, p =0.02; Table 4).

Discussion

We aimed to explore the longitudinal association between intrauterine exposure to maternal 

GDM and levels of adiposity in a contemporary cohort of participants transitioning through 
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puberty. We observed that participants exposed to maternal GDM had on average higher 

levels of BMI, WHR, VAT and SAT compared with those unexposed, and that these 

differences did not change over time as youth transitioned through puberty. The relationship 

between exposure to maternal GDM and increased offspring adiposity did not seem to be 

explained by postnatal behaviours, such as the offspring’s physical activity and diet. 

Adjustment for maternal pre-pregnancy BMI attenuated most of these associations, though 

the association with VAT remained statistically significant.

Most published studies exploring the association of exposure to maternal diabetes with 

offspring adiposity assess adiposity at a single time point [8–13, 15]. Two of the seven 

studies [11, 12] assessed adiposity once during childhood, prior to puberty, while the others 

[8–10, 13, 15] assessed adiposity at a single time point during or after puberty. We 

previously showed in this cohort that exposure to maternal GDM was associated with 

increased waist circumference and both VAT and SAT as early as 6 years of age [11]. This is 

around the same time that adrenarche typically begins, marking the start of the hormonal 

changes that occur later with puberty [24]. To our knowledge, no contemporary studies have 

examined the longitudinal effects of exposure to maternal diabetes on adiposity as offspring 

transition through puberty. Puberty is a complex physiological process defined by a period 

of intense hormonal changes and rapid physical growth, leading to psychological and 

physical maturation. Our current data also suggest that the effect of exposure on markers of 

adiposity does not change as youth transition through puberty.

Previous studies exploring the associations between intrauterine exposure to diabetes and 

offspring adiposity showed inconsistencies. Some have reported positive associations [8, 9, 

11–16], while others reported some null associations [10, 25, 26]. The disagreement 

between studies may be due to the use of BMI as the sole marker of adiposity. BMI tends to 

be an imprecise measure of adiposity in growing youth [27–29]. In the present study, we 

observed an association between exposure to maternal GDM and several measures of 

adiposity, including BMI. However, we observed larger percentage differences between 

exposed and unexposed participants for more precise measures of adiposity related to 

abdominal fat deposition (VAT: 18% and SAT: 23%), compared with measures of overall 

adiposity (BMI: 6%). While the natural evolution of fat formation and deposition in children 

requires further study, it has been hypothesised that abdominal fat in pre-pubertal youth is 

mainly subcutaneous, whereas visceral fat increases with age and puberty and is influenced 

by sex [30]. In our study, exposure to maternal GDM was associated with a higher 

percentage difference between exposed and unexposed in SAT compared with VAT. Whether 

this difference continues into adulthood is unknown. Further research is needed to better 

understand the potential effects of exposure to maternal GDM on abdominal fat deposition 

throughout the life course. Nonetheless, these findings suggest that exposure to maternal 

GDM affects not only overall adiposity of the offspring, but also both central and peripheral 

fat disposition.

The magnitude of the association between exposure to maternal GDM and offspring 

adiposity outcomes remained similar when accounting for markers of offspring postnatal 

physical activity and diet, suggesting that the effect of maternal GDM operates 

independently of these behavioural choices. Recently, using the same cohort, Sauder et al 
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showed that postnatal behaviours are important, but mostly act as effect modifiers in the 

relationship between exposure to maternal GDM and offspring markers of adiposity [31]. 

However, offspring physical activity and diet were self-reported, which may have introduced 

non-differential measurement error. Thus, future studies are needed to investigate the role of 

postnatal behaviours in the relationship between intrauterine exposure to GDM and offspring 

adiposity in childhood and adolescence using more objective measures of diet and physical 

activity.

We also explored the effect of additional adjustment for maternal pre-pregnancy BMI on the 

relationship between exposure to maternal GDM and offspring adiposity, albeit only in a 

subset with available data. Consistent with other studies [10, 15, 16, 32], adjustment for 

maternal pre-pregnancy BMI attenuated all associations, from 74.6% when the outcome was 

child BMI, to 32.9% when the outcome was VAT. Similar changes in the strength of 

associations between maternal GDM and child adiposity outcomes were observed in the 

much larger Hyperglycemia and Adverse Pregnancy Outcome Follow-up Study (HAPO 

FUS) study, where, after adjustment for maternal pre-pregnant BMI, the relationships 

remained statistically significant [32]. In addition, we argue that maternal pre-pregnancy 

BMI should not be conceptualised simply as a confounder [33]. Adjustment for maternal 

pre-pregnancy BMI may partly control for a competing mechanism, genetic predisposition 

to obesity shared by mother and offspring, which may be why the largest attenuation effect 

of adjustment was seen on the relationship between exposure and offspring BMI. However, 

maternal pre-pregnancy BMI is also a marker of the fetal overnutrition pathway explored 

here (i.e., elevated fuels, such as glucose and likely others) in the offspring of women with 

both obesity and diabetes during pregnancy [15, 34]. Thus, simply adjusting for maternal 

pre-pregnancy BMI may obscure, rather than isolate, the associations of interest. Prior 

studies have attempted to isolate the contribution of maternal genetic predisposition passed 

from mothers to offspring, either by using sib-pair designs with offspring born before and 

after GDM diagnosis in the mothers [35] or by directly controlling for offspring genetic risk 

score for obesity [36]. Both have concluded that the effect of exposure to GDM in utero on 

offspring adiposity does represent a specific intrauterine effect, above and beyond 

transmission of genetic susceptibility.

There are strengths and limitations in the present study. An important limitation is the fact 

that offspring adiposity markers were only obtained at two time points during a period of 

approximately 6 years, the period when our participants transitioned through puberty. This 

may have prevented us from detecting a statistically significant change in the strength of 

association between exposure and offspring adiposity markers over this period. Studies with 

a larger number of repeated adiposity measures during this developmental period are needed 

to definitively address this question. Another limitation is the difference in the proportion of 

Hispanics by exposure status. We addressed this by adjusting for several common co-

occurring risk factors such as maternal health characteristics and socioeconomic factors that 

are more intrinsic to risk of developing GDM than race alone. Moreover, since Hispanic 

ethnicity is associated with higher GDM risk [37] and higher child BMI [1], and our 

exposed group had fewer Hispanic participants, any potential residual confounding in our 

analysis would serve to underestimate the associations between GDM exposure and child 

adiposity outcomes. Other limitations include the self-reported assessment of childhood diet, 
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physical activity and TS. Important strengths are the prospective assessment of offspring 

adiposity markers, the inclusion of more specific measures of adiposity than child BMI 

alone and the objective assessment of intrauterine exposures from medical records.

In conclusion, our study suggests that the effects of fetal overnutrition (resulting from 

exposure to maternal GDM and obesity) on offspring adiposity are established early in life, 

likely before puberty, and track throughout adolescence. Future efforts to prevent childhood 

obesity should focus on the pre-conception and prenatal periods, and/or very early in the 

postnatal life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

What is already known about this subject?

• Exposure to gestational diabetes mellitus (GDM) has been shown to be 

associated with increased offspring BMI during childhood and adolescence; 

however, less is known about its impact on fat patterning and distribution

• Few published studies have explored the association between exposure to 

GDM and increased adiposity longitudinally, and none have explored whether 

these associations strengthen as participants transition through puberty

What is the key question?

• Does exposure to GDM lead to increased adiposity throughout childhood and 

adolescence and, If so, does the magnitude of the association change over 

time as participants age and transition through puberty?

What are the new findings?

• We observed that participants exposed to GDM had, on average, higher levels 

of BMI, waist/height ratio, visceral adipose tissue and subcutaneous adipose 

tissue compared with those unexposed

• These observed differences did not change over time as youth transitioned 

through puberty

How might this impact on clinical practice in the foreseeable future?

• This article provides evidence that the effects of fetal overnutrition on 

offspring adiposity are established early in life, likely before puberty, and 

track throughout adolescence. These findings suggest that efforts to prevent 

childhood obesity should focus on the pre-conception and prenatal periods 

and/or very early in postnatal life

Hockett et al. Page 11

Diabetologia. Author manuscript; available in PMC 2020 October 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hockett et al. Page 12

Ta
b

le
 1

M
at

er
na

l a
nd

 o
ff

sp
ri

ng
 c

ha
ra

ct
er

is
tic

s 
of

 E
PO

C
H

 p
ar

tic
ip

an
ts

 a
cc

or
di

ng
 to

 e
xp

os
ur

e 
st

at
us

 (
n 

=
 5

97
)

C
ha

ra
ct

er
is

ti
c

E
xp

os
ed

 t
o 

m
at

er
na

l G
D

M
 (

n 
= 

92
)

U
ne

xp
os

ed
 t

o 
m

at
er

na
l G

D
M

 (
n 

= 
50

5)
p 

va
lu

e

A
ge

 a
t v

is
it 

1 
(y

ea
rs

),
 m

ea
n 

(S
D

)
9.

5 
(1

.7
)

10
.6

 (
1.

4)
<

0.
00

1

A
ge

 a
t v

is
it 

2 
(y

ea
rs

),
 m

ea
n 

(S
D

)a
15

.9
 (

1.
0)

16
.8

 (
1.

5)
<

0.
00

1

Se
x 

(f
em

al
e)

 (
%

)
46

.7
50

.9
0.

42

E
th

ni
ci

ty
/r

ac
e,

 n
on

-H
is

pa
ni

c 
w

hi
te

, (
%

)
63

.0
45

.4
0.

00
5

T
S 

at
 v

is
it 

1 
(%

)
<

0.
00

1b

 
Pr

e-
pu

be
rt

al
 (

T
S 

1)
62

.0
42

.9

 
Pu

be
rt

al
 (

T
S 

2–
5)

38
.0

57
.1

T
S 

at
 v

is
it 

2 
(%

)
N

/A

 
Pr

e-
pu

be
rt

al
 (

T
S 

1)
0.

0
0.

0

 
Pu

be
rt

al
 (

T
S 

2–
5)

10
0.

0
10

0.
0

M
ot

he
r’

s 
pr

e-
pr

eg
na

nc
y 

B
M

I 
(k

g/
m

2 )
, m

ea
n 

(S
D

)
27

.8
 (

6.
3)

25
.3

 (
5.

9)
<

0.
00

7

a Sa
m

pl
e 

si
ze

 f
or

 v
is

it 
2 

is
 4

11
 o

ff
sp

ri
ng

 (
71

 e
xp

os
ed

, 3
40

 u
ne

xp
os

ed
)

b T
he

 d
if

fe
re

nc
e 

in
 p

ub
er

ta
l s

ta
tu

s 
be

tw
ee

n 
of

fs
pr

in
g 

ex
po

se
d 

an
d 

un
ex

po
se

d 
be

ca
m

e 
no

n-
si

gn
if

ic
an

t (
p 

=
 0

.6
0)

 w
he

n 
ad

ju
st

ed
 f

or
 a

ge
, s

ex
 a

nd
 r

ac
e/

et
hn

ic
ity

N
/A

, n
ot

 a
pp

lic
ab

le

Diabetologia. Author manuscript; available in PMC 2020 October 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hockett et al. Page 13

Ta
b

le
 2

T
he

 a
dj

us
te

d 
m

ea
ns

 a
nd

 β
 c

oe
ff

ic
ie

nt
s 

ac
ro

ss
 b

ot
h 

tim
e 

po
in

ts
 f

or
 e

ff
ec

t o
f 

in
tr

au
te

ri
ne

 e
xp

os
ur

e 
to

 m
at

er
na

l G
D

M
 o

n 
of

fs
pr

in
g 

ad
ip

os
ity

 o
ut

co
m

es
 (

n 
=

 

59
7)

A
di

po
si

ty
 o

ut
co

m
e

A
dj

us
te

d 
m

ea
na

95
%

 C
I

β
95

%
 C

I
p 

va
lu

e

B
M

I 
(k

g/
m

2 )
1.

28
(0

.3
5,

 2
.2

1)
<

0.
00

7

 
E

xp
os

ed
21

.9
9

(2
1.

12
, 2

2.
87

)

 
U

ne
xp

os
ed

20
.7

1
(2

0.
32

, 2
1.

10
)

W
H

R
0.

03
(0

.0
1,

 0
.0

4)
0.

00
04

 
E

xp
os

ed
0.

49
(0

.4
7,

 0
.5

0)

 
U

ne
xp

os
ed

0.
46

(0
.4

5,
 0

.4
7)

V
A

T
 (

m
m

2 )
4.

81
(1

.0
8,

 8
.5

4)
0.

01

 
E

xp
os

ed
31

.0
0

(2
7.

48
, 3

4.
51

)

 
U

ne
xp

os
ed

26
.1

9
(2

4.
63

, 2
7.

74
)

SA
T

 (
m

m
2 )

35
.1

5
(1

2.
43

, 5
7.

87
)

<
0.

00
3

 
E

xp
os

ed
18

6.
93

(1
65

.1
2,

 2
08

.7
4)

 
U

ne
xp

os
ed

15
1.

78
(1

41
.6

0,
 1

61
.9

5)

a A
dj

us
te

d 
fo

r 
ch

ild
’s

 a
ge

, s
ex

, r
ac

e/
et

hn
ic

ity
 a

nd
 p

ub
er

ta
l s

ta
tu

s

Diabetologia. Author manuscript; available in PMC 2020 October 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hockett et al. Page 14

Ta
b

le
 3

T
he

 e
ff

ec
t o

f 
ad

ju
st

m
en

t f
or

 c
hi

ld
’s

 p
hy

si
ca

l a
ct

iv
ity

 a
nd

 d
ie

t o
n 

th
e 

as
so

ci
at

io
ns

 b
et

w
ee

n 
m

at
er

na
l G

D
M

 a
nd

 o
ff

sp
ri

ng
 a

di
po

si
ty

 o
ut

co
m

es
 a

cr
os

s 
bo

th
 

tim
e 

po
in

ts
 (

n=
59

1a )

A
di

po
si

ty
 o

ut
co

m
e

M
od

el
 1

M
od

el
 2

β
95

%
 C

I
p 

va
lu

e
β

95
%

 C
I

p 
va

lu
e

B
M

I 
(k

g/
m

2 )
1.

26
(0

.3
2,

 2
.2

0)
<

0.
00

9
1.

26
(0

.3
1,

 2
.2

0)
0.

00
9

W
H

R
0.

03
(0

.0
1,

 0
.0

4)
0.

00
05

0.
03

(0
.0

1,
 0

.0
4)

0.
00

06

V
A

T
 (

m
m

2 )
4.

89
(1

.1
0,

 8
.6

8)
0.

01
4.

59
(0

.7
9,

 8
.3

9)
<

0.
02

SA
T

 (
m

m
2 )

34
.8

5
(1

1.
69

, 5
8.

01
)

<
0.

00
3

35
.8

5
(1

2.
52

, 5
9.

17
)

<
0.

00
3

M
od

el
 1

: a
dj

us
te

d 
fo

r 
ch

ild
’s

 a
ge

, s
ex

, r
ac

e/
et

hn
ic

ity
 a

nd
 p

ub
er

ta
l s

ta
tu

s

M
od

el
 2

: a
dj

us
te

d 
fo

r 
ch

ild
’s

 a
ge

, s
ex

, r
ac

e/
et

hn
ic

ity
, p

ub
er

ta
l s

ta
tu

s,
 p

hy
si

ca
l a

ct
iv

ity
 a

nd
 d

ie
t

a Sa
m

pl
e 

si
ze

 is
 5

91
 d

ue
 to

 m
is

si
ng

 c
ov

ar
ia

te
 d

at
a 

(d
ie

t a
nd

 p
hy

si
ca

l a
ct

iv
ity

) 
fo

r 
si

x 
of

fs
pr

in
g

Diabetologia. Author manuscript; available in PMC 2020 October 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hockett et al. Page 15

Ta
b

le
 4

T
he

 e
ff

ec
t o

f 
ad

ju
st

m
en

t f
or

 m
at

er
na

l p
re

-p
re

gn
an

cy
 B

M
I 

on
 th

e 
as

so
ci

at
io

ns
 b

et
w

ee
n 

m
at

er
na

l G
D

M
 a

nd
 o

ff
sp

ri
ng

 a
di

po
si

ty
 o

ut
co

m
es

 a
cr

os
s 

bo
th

 ti
m

e 

po
in

ts
, a

m
on

g 
a 

su
bs

et
 w

ith
 c

om
pl

et
e 

da
ta

 (
n 

=
 4

37
)

A
di

po
si

ty
 o

ut
co

m
e

M
od

el
 1

M
od

el
 2

β
95

%
 C

I
p 

va
lu

e
β

95
%

 C
I

p 
va

lu
e

B
M

I 
(k

g/
m

2 )
1.

22
(0

.1
6,

 2
.2

8)
0.

02
0.

31
(−

0.
70

, 1
.3

2)
0.

55

W
H

R
0.

02
(0

.0
05

, 0
.0

4)
<

0.
01

0.
01

(−
0.

00
8,

 0
.0

2)
0.

34

V
A

T
 (

m
m

2 )
6.

36
(2

.6
6,

 1
0.

06
)

0.
00

08
4.

27
(0

.6
3,

 7
.9

1)
0.

02

SA
T

 (
m

m
2 )

35
.8

3
(9

.5
9,

 6
2.

06
)

<
0.

00
8

16
.7

5
(−

8.
45

, 4
1.

95
)

0.
19

M
od

el
 1

: a
dj

us
te

d 
fo

r 
ch

ild
’s

 a
ge

, s
ex

, r
ac

e/
et

hn
ic

ity
 a

nd
 p

ub
er

ta
l s

ta
tu

s

M
od

el
 2

: a
dj

us
te

d 
fo

r 
ch

ild
’s

 a
ge

, s
ex

, r
ac

e/
et

hn
ic

ity
, p

ub
er

ta
l s

ta
tu

s 
an

d 
m

at
er

na
l p

re
-p

re
gn

an
cy

 B
M

I

Diabetologia. Author manuscript; available in PMC 2020 October 29.


	Abstract
	Introduction
	Methods
	Study population
	Exposure definition
	Adiposity outcomes
	Other measurements
	Statistical analysis

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4

