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Abstract

Aims/hypothesis This study aimed to examine the association of maternal diabetes, being large for gestational age (LGA) and
breast-feeding with being overweight or obese in pre-school-aged children.

Methods Data on height and weight at the time of their pre-school (age 46 years) immunisation visit between January 2009 and
August 2017, as well as breast-feeding status in the first 5 months of life, for 81,226 children born between January 2005 and August
2013 were linked with maternal hospitalisation and outpatient records and birth registry data. Children were grouped into six categories
based on maternal diabetes status during pregnancy (no diabetes, gestational diabetes or pre-existing diabetes) and birthweight
(appropriate for gestational age [AGA] or LGA). WHO criteria were used to identify children who were overweight or obese.
Results There were 69,506 children in the no diabetes/ AGA group (control), 5926 in the no diabetes/LGA group, 4563 in the
gestational diabetes/AGA group, 573 in the gestational diabetes/LGA group, 480 in the pre-existing diabetes/AGA group and
178 in the pre-existing diabetes/LGA group. The rate of being overweight/obese at pre-school age ranged from 20.5% in the
control group to 42.9% in the gestational diabetes/LGA group. The adjusted attributable risk per cent for LGA alone (39.4%) was
significantly higher than that for maternal gestational diabetes (16.0%) or pre-existing diabetes alone (15.1%); the risk for the
combinations of gestational diabetes/LGA and pre-existing diabetes/LGA were 50.1% and 39.1%, respectively. Further stratifi-
cation of the pre-existing diabetes groups found the prevalence of being overweight/obese was 21.2% in the type 1/AGA group,
31.4% in the type 1/LGA group (similar to those in the no diabetes groups), 26.7% in the type 2/AGA group and 42.5% in the
type 2/LGA group. Breast-feeding was associated with a lower likelihood of being overweight/obese in childhood in all groups
except gestational diabetes/LGA and pre-existing diabetes/LGA (both type 1 and type 2).

Conclusion/interpretation LGA is a stronger marker for risk of being overweight/obese in early childhood, compared with
maternal diabetes during pregnancy. Rates of being overweight/obese in childhood were highest in LGA children born to mothers
with gestational diabetes or pre-existing type 2 diabetes. Breast-feeding was associated with a lower risk of being overweight/
obese in childhood in the majority of children; however, this association was not maintained in LGA children of mothers with
diabetes.
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What is already known about this subject?

e  Children who are large at birth are more likely to be obese in early childhood

e Maternal diabetes during pregnancy is associated with excess weight in the offspring during childhood

e  Breast-feeding is associated with a lower risk of excess weight in childhood

What is the key question?

e  Whatis a more important contributor to excess weight in childhood: maternal diabetes during pregnancy or being
large for gestational age (LGA) at birth? How does breast-feeding in infancy reduce the risk of excess weight in

childhood across these exposures?

What are the new findings?

e  Both LGA and maternal diabetes during pregnancy are associated with an increased risk of the offspring being

overweight/obese in early childhood

e | GAis astronger marker for risk of being overweight/obese in early childhood than maternal diabetes

e  Breast-feeding is associated with a lower risk of being overweight/obese in a majority of children; however, this
association is not maintained in LGA children of mothers with diabetes

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

e  Women who are planning to become pregnant need to be advised about risk factors for LGA, such as maternal weight

and dysglycaemia during pregnancy

LGA Large for gestational age
SES Socioeconomic status
SGA Small for gestational age

Introduction

The causes of being overweight or obese in childhood are
multifactorial. Children who are born large are more likely
to be larger in childhood [1]. Maternal weight, pre-pregnancy
and gestational weight gain, and maternal diabetes status during
pregnancy are established risk factors for having large for
gestational age (LGA) infants [2-5]. However, little is known
about the relative contribution of LGA and maternal diabetes
during pregnancy on the risk of being overweight or obese in
early childhood. In 13,037 full-term babies with normal
birthweight, Hillier et al found that maternal gestational diabetes
was associated with a 28.5% attributable risk of obesity in the
first decade of life [6]. In a much smaller study of 84 LGA and
95 appropriate for gestational age (AGA) babies, Boney et al
found that LGA children of women with gestational diabetes
had the highest rates of childhood obesity at 6 years of age
compared with AGA children of women with gestational
diabetes and AGA or LGA children of mothers without
gestational diabetes [7]. Neither study included women with
pre-existing diabetes mellitus.

@ Springer

Breast-feeding has been shown to be inversely associated
with the development of obesity [8—10] and women with
diabetes are routinely advised to breast-feed [11, 12].
In the Growing Up Today Study (GUTS), survey data
collected on 15,253 offspring (aged 9—14 years) of women
included in the Nurses’ Health Study II (n=116,000),
showed breast-feeding to be inversely associated with
obesity in the children of mothers with diabetes (n =417
gestational diabetes and 56 pre-existing diabetes), but the
association did not reach statistical significance (adjusted
[a]OR 0.62 [95% CI 0.24, 1.60]) [13]. There are currently
no data on the extent to which breast-feeding modulates the
risk of being overweight or obese in childhood in LGA and
AGA babies overall, and after taking maternal diabetes status
during pregnancy into account.

Accordingly, we used data from a large contemporary
population-based cohort residing within a defined geographic
region with universal healthcare coverage to examine the
association of maternal diabetes, LGA and breast-feeding with
being overweight or obese, in pre-school-aged children.

Methods

Study population We included all mothers who delivered live
infants between 1 January 2005 and 31 August 2013, and their
offspring, who were residing in the Calgary Zone, AB,
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Canada. The Calgary Zone encompasses a 39,300 km? area
and serves a population of approximately 1.5 million people,
the majority of whom (>80%) reside in Calgary, the largest
city in the province of AB, Canada [14].

Data sources and linkage The longitudinal pregnancy-birth
cohort used for the study has been described in detail
previously [15—17]. In brief, hospitalisation records and
outpatient records, including emergency department visits,
hospital outpatient clinic visits and visits to physician offices,
of the mother and the offspring were linked, using unique
scrambled identifiers, to the Vital Statistics Birth Registry. In
addition to being the conduit for deterministic linkage
between maternal and child records, the birth registry includes
data on birthweight, gestational age, parity, birth order and
singleton/multiple birth status. Maternal and child records
were also linked to the Alberta Health Care Insurance
Population (AHCIP) registry, which includes demographic
data, residential postal code, treaty status (prior to 2009) and
data on migration for all Alberta residents registered for
provincial health insurance. Lastly, the 2011 census data from
Statistics Canada were linked at the Forward Sortation Area
(FSA) level, based on the first three values of the postal code.

For the current study, the longitudinal pregnancy—birth
cohort data were linked with the public health immunisation
database for the time period January 2009—August 2017,
which includes data on immunisation status, breast-feeding
status at each immunisation visit and the child’s height and
weight at their pre-school immunisation visit, which occurs
between 4 and 6 years of age. The majority of children
residing in the Calgary Zone are routinely immunised.
Between 2009 and 2016, the percentage of children who had
received the first dose of the DTaP-IPV-Hib vaccine by age
2 years ranged from 95% to 97% [18].

Maternal diabetes status during pregnancy Previously vali-
dated algorithms, based on International Classification of
Diseases (ICD) versions 9 and 10 (www.icd9data.com/2007/
Volumel, http://apps.who.int/classifications/icd10/browse/
2016/en and https://www.cihi.ca/en/icd 10 _ca voll 2009
en.pdf) were used to identify women with pre-existing diabe-
tes and gestational diabetes during pregnancy [19-21]. The
list of ICD codes for pre-existing diabetes, gestational diabetes
and other comorbidities are provided in the electronic
supplementary material (ESM) Table 1. Women with a
hospitalisation or at least two outpatient records (either
emergency department, outpatient clinics or physician office
visits) with a code for diabetes in a non-gestational period
prior to pregnancy or who had diabetes coded on their delivery
hospitalisation record were categorised as having pre-existing
diabetes. This algorithm for pre-existing diabetes has been
found to have a sensitivity of 92% and a specificity of 100%
[19]. Women with a hospitalisation or at least two outpatient

records for gestational diabetes during pregnancy were
categorised as having gestational diabetes. We have previous-
ly established the sensitivity and specificity for this gestational
diabetes algorithm to be 92% and 97%, respectively, using
laboratory values as the gold standard [20].

Breast-feeding status The immunisation database captures
information on the child’s nutrition source at all visits that occur
prior to 24 months of age. The time of each visit (and the range it
covers) is as follows: 2 months (5 weeks to 3 months); 4 months
(4 to 5 months); 6 months (6 to 7 months); 12 months (12 to
17 months); and 18 months (18 to 23 months). The categories
used to describe the feeding status of the child are provided in
ESM Table 2. If a child was reported as having ‘no breast milk’
or ‘no breast milk in the last 7 days’ or ‘solids and no breast
milk in last 7 days’ at the 2 month or 4 month visit, he/she was
considered as not being breast-fed; otherwise a child was
considered to have been breast-fed prior to 5 months.

Other maternal and child covariates Hypertensive disorders
during pregnancy were identified if they were coded on the
delivery hospitalisation records. Women with medical
conditions prior to pregnancy, including pre-existing
cardiovascular disease, pre-existing hypertension, lupus,
epilepsy, chronic obstructive pulmonary disease, liver
disease and renal disease, were identified based on the
delivery hospitalisation and any previous hospitalisations
as of 1 April 1997. The delivery hospitalisation record was
used to identify children born via Caesarcan section
(C-section). The AHCIP data were used to identify women
who had identified themselves as Status Aboriginal. This
flag was available for all residents prior to 2009. Previously
validated naming algorithms were used to identify mothers of
South Asian and Chinese ethnicities [22, 23]. Women were
categorised as living in rural or urban areas based on the first
numerical digit of their postal code. The annual household
income at the neighbourhood level from census data was used
as a measure of socioeconomic status (SES). Previously
developed criteria were used to categorise children as LGA
or small for gestational age (SGA), based on their birthweight
[24]. Children who were SGA at birth were excluded from the
analysis so as not to confound overweight/obesity rates in the
control group.

Pre-school overweight/obesity status The main outcome of
interest was overweight/obesity status of the child at his/her
pre-school immunisation visit, which occurred between ages 4
and 6 years. Using the height/weight data collected at this time
point, we calculated the child’s BMI as weight/(height x
height) (kg/m?). Pre-school children were categorised as being
overweight/obese based on the age- and sex-specific measures
from the WHO [25]. For children aged 5 to 19 years, the
WHO defines overweight as a BMI-for-age greater than one

@ Springer


http://www.icd9data.com/2007/Volume1
http://www.icd9data.com/2007/Volume1
http://apps.who.int/classifications/icd10/browse/2016/en
http://apps.who.int/classifications/icd10/browse/2016/en
https://www.cihi.ca/en/icd_10_ca_vol1_2009_en.pdf
https://www.cihi.ca/en/icd_10_ca_vol1_2009_en.pdf

Diabetologia

SD above the WHO Growth Reference median, and obesity as
greater than two SDs above the WHO Growth Reference
median [26]. Children who were 4 years of age at their
pre-school immunisation visit were categorised as being over-
weight/obese using the same definition [27].

Statistical analysis We categorised children included in the
study into six groups according to maternal diabetes status
during pregnancy and birthweight as follows: (1) no
diabetes/AGA (control group); (2) no diabetes/LGA; (3)
gestational diabetes/AGA; (4) gestational diabetes/LGA; (5)
pre-existing diabetes/AGA; and (6) pre-existing diabetes/
LGA. We compared maternal characteristics and child
characteristics at birth and pre-school across the six groups.
Categorical variables were presented using counts and
percentages and compared using the x? test. Continuous
variables were presented using means and SDs and compared
using one-way ANOVA. Our unit of analysis was the child;
therefore, maternal characteristics of women having multiple
children were included multiple times in reported statistics.

We used multivariate generalised estimating equation
(GEE) logistic regression models with exchangeable
covariance matrices to examine the likelihood of the
combined endpoint of the child being categorised as
overweight/obese between 4 to 6 years of age across our
groups of interest. We accounted for correlations between
pregnancies of the same mother and included the following
potential confounding variables as covariates in our final
model: maternal age (per 5 years), maternal ethnicity, urban
residence, parity, pre-existing medical conditions, hypertensive
disorders of pregnancy, C-section delivery and annual median
household income (per Canadian $10,000).

We calculated the attributable risk percentage, i.e., the
proportion of cases of childhood overweight/obesity that can
be attributed to being exposed to maternal diabetes during
pregnancy or being LGA, or both, relative to the control group
of no diabetes/AGA, as well as the population attributable
fraction, i.e., the proportional reduction at a population-level,
using adjusted relative risks calculated from a log-binomial
regression model with the covariates mentioned above.

We examined the impact of breast-feeding status prior to
5 months on being overweight/obese in childhood, overall and
within each group, after accounting for the variables
mentioned above. We used inverse probability weighting to
reduce selection bias [28] as a result of differential capture of
breast-feeding data. Logistic regression was used to estimate
the probability of having breast-feeding data for participants
in each group. The inverse of each participant’s probability of
having breast-feeding data was included in the model
examining the association between breast-feeding and being
overweight/obese in childhood within each group.

Finally, in an exploratory analysis, we further categorised
women with pre-existing diabetes as having type 1 or type 2
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based on the presence of a code for type 1 diabetes in either an
inpatient (including delivery hospitalisation) or ambulatory
clinic setting between 2002 and the time of delivery. We
examined rates of being overweight/obese in childhood in
type 1/AGA, type 1/LGA, type 2/AGA and type 2/LGA
groups, overall and by breast-feeding status.

All statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC, USA). Ethics approval for this
study was obtained from the University of Alberta IRB
(number Pro00020230). Given the de-identified nature of
the data, informed consent was waived for this study.

Results

There were 150,901 live births of mothers residing in the
Calgary Zone between 1 January 2005 and 31 August 2013.
BMI data from their pre-school immunisation visit (scheduled
between 4 and 6 years age) were available for 87,222 children
born in the Calgary Zone and for 3660 children born
elsewhere in Alberta (Fig. 1). The mothers of children for
whom BMI data were available were slightly older, more
likely nulliparous, of higher SES and had slightly higher rates
of gestational diabetes and hypertension during pregnancy
compared with mothers of children for whom BMI data were
not available (ESM Table 3). After excluding 10,156 children
who were born SGA, our final cohort consisted of 81,226
children of 65,079 mothers.

Overall, 69,506 (85.6%) children were in the no diabetes/
AGA; 5926 (7.3%) in the no diabetes/LGA; 4563 (5.6%) in
the gestational diabetes/AGA; 573 (0.7%) in the gestational
diabetes/LGA; 480 (0.6%) in the pre-existing diabetes/AGA
and 178 (0.2%) in the pre-existing diabetes/LGA groups
(Table 1). The proportion of LGA increased across maternal
diabetes categories: from 8% in women with no diabetes to
11% in women with gestational diabetes and 27% in women
with pre-existing diabetes. Maternal characteristics differed
significantly across the six groups. There were higher propor-
tions of Chinese and South Asian mothers in the gestational
diabetes and pre-existing diabetes groups. Mothers who gave
birth to LGA infants or had diabetes during pregnancy were
more likely multiparous than mothers in the control group.
Hypertensive disorders during pregnancy ranged from 6.7%
in the control group to 22.5% in the pre-existing diabetes/
LGA group. More than two-thirds (68.5%) of children in the
pre-existing diabetes/LGA group were born via C-section
compared with 27.7% of children in the control group.

Overall, 17,811 (21.9%) children were either overweight or
obese at the time of their pre-school immunisation visit
(Table 1). In multivariate logistic regression, relative to the
control group, the gestational diabetes/LGA group had the
highest aOR for being overweight/obese (2.79 [95% CI 2.35,
3.30]; Table 2). The risk of being overweight/obese was similar
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Fig. 1 Participant flow diagram. Grey boxes indicate time periods for
which children may not have been old enough to receive their pre-school
immunisation visit. “Children with pre-school height and weight data who

in the no diabetes/LGA group (aOR 2.01 [95% CI 1.90, 2.13])
and the pre-existing diabetes/LGA group (aOR 2.05 [95% CI
1.50, 2.79]). Diabetes during pregnancy (either gestational or
pre-existing) in the absence of LGA was associated with a 25%
higher risk of being overweight/obese in childhood. Other
factors positively associated with being overweight/obese
in childhood were being Status Aboriginal, maternal
hypertensive disorders during pregnancy and C-section
delivery. Factors inversely associated with being overweight/
obese in childhood were Chinese ethnicity, increasing maternal
age, multiparity and higher socioeconomic status.

Compared with the control group, the adjusted attributable
risk per cent of LGA alone (39.4% [95% CI 37.0%, 41.7%])
was more than twice that of gestational diabetes alone (16.0%
[95% CI 11.3%, 20.5%]) or pre-existing diabetes alone (15.1%
[95% CI —0.2%, 28%]; Fig. 2). The adjusted attributable risk
percentage of gestational diabetes/LGA and pre-existing
diabetes/LGA on childhood overweight/obesity status was
50.1% (95% CI1 44.9%, 54.7%) and 39.1% (95% CI 26%,
49.9%), respectively. Adjusted population attributable fractions
for LGA alone, gestational diabetes alone, pre-existing diabetes
alone, gestational diabetes/LGA and pre-existing diabetes/LGA
were 5.00%, 1.14%, 0.13%, 0.85% and 0.18%, respectively.

Breast-feeding data were available for 56,164 (69%)
children. Mothers of children for whom breast-feeding data
were available were slightly older, more likely to live in urban
areas, more likely to be of Chinese or South Asian ethnicity
and had higher rates of gestational diabetes compared with
mothers of children for whom breast-feeding data were not
available (ESM Table 4). Breast-feeding rates differed
significantly across the six groups: from 80% in the no
diabetes/AGA and no diabetes/LGA groups to 70% in the
gestational diabetes/LGA and pre-existing diabetes/LGA
groups at 2 months; and from 73% in the no diabetes/AGA
and no diabetes/LGA groups to 60% in the gestational

were born to mothers residing outside the Calgary Zone, but within
Alberta. DM, diabetes mellitus; GDM, gestational diabetes mellitus;
pre-DM: pre-existing diabetes mellitus

diabetes/LGA and pre-existing diabetes/LGA groups at 4 months
(ESM Fig. 1). Compared with mothers of infants who were not
breast-fed, mothers of infants who were breast-fed were older,
more likely to be of Chinese ethnicity, more likely to reside in
areas with higher annual household income, more likely to be
multiparous and had lower rates of gestational diabetes,
pre-existing diabetes, hypertension during pregnancy, pre-
existing medical conditions and C-section (ESM Table 5).
Overall, rates of being overweight/obese were significantly
higher in children who were not breast-fed (25.7%) than in chil-
dren who were breast-fed (19.8%; Table 3). Breast-feeding, after
adjusting for other maternal and birth characteristics, was asso-
ciated with a lower likelihood of being overweight/obese in
childhood, overall, and in the following groups: no diabetes/
AGA; no diabetes/LGA; gestational diabetes/AGA;
pre-existing diabetes/AGA. However, there was no association
between breast-feeding and being overweight/obese in
childhood in the gestational diabetes/LGA and pre-existing
diabetes/LGA groups.

In the exploratory analysis stratifying the pre-existing
diabetes groups according to type 1 or type 2 diabetes, we
found that a higher proportion (41.0%) of women with type
1 diabetes had LGA babies than women with type 2 (18.2%;
Table 4). Rates of being overweight/obese were highest in the
type 2/LGA group (42.5%), followed by those in the type
1/LGA group (31.4%). In type 1/AGA and type 2/AGA groups,
rates of being overweight/obese in childhood were lower in
breast-fed infants than in non-breast-fed infants. However,
this was not the case in type 1/LGA and type 2/LGA groups.

Discussion

This is the first population-based study to examine the relative
contribution of maternal diabetes, excess birthweight and
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Table 2 Factors associated with

being overweight/obese in pre- Variable OR (95% CI) for being overweight/obese p value
school-aged children (4-6 years)
Group
No diabetes/ AGA Ref.
No diabetes/LGA 2.01(1.90, 2.13) <0.01
Gestational diabetes/AGA 1.25(1.16, 1.34) <0.01
Gestational diabetes/LGA 2.79 (2.35, 3.30) <0.01

Pre-existing diabetes/AGA
Pre-existing diabetes/LGA
Maternal age per 5 years
Ethnicity
General population
Chinese
South Asian
Status Aboriginal
Urban
Multiparous

Pre-existing medical conditions

Hypertensive disorders in pregnancy

C-section delivery

2010 annual household income per $10,000"

1.25 (1.00, 1.56) 0.05

2.05 (1.50, 2.79) <0.01
0.92 (0.91, 0.94) <0.01
Ref.

0.7 (0.64, 0.76) <0.01
1.05 (0.97, 1.14) 0.24
1.54 (1.33, 1.79) <0.01
0.98 (0.90, 1.07) 0.67
0.95 (0.92, 0.99) <0.01
1.12(0.97, 1.29) 0.12
1.24 (1.17, 1.32) <0.01
1.15 (1.11, 1.20) <0.01
0.95 (0.94, 0.96) <0.01

Ref., reference

# Annual household income available at the neighbourhood level, in Canadian $

breast-feeding on the risk of being overweight and obese in
childhood. In a large contemporary cohort of 81,226 children,
the proportion who were overweight/obese at their pre-school
immunisation visit (between ages 4 and 6 years) differed
significantly by maternal diabetes status during pregnancy
and LGA vs AGA status at birth: ranging from a low of
20.5% in the control group of no diabetes/AGA to a high of
42.9% in the gestational diabetes/LGA group. The attributable
risk of LGA alone on being overweight/obese in childhood
was significantly higher than that of maternal gestational
diabetes or pre-existing diabetes alone. When the pre-existing
diabetes group was further stratified into type 1 and type 2,
rates of being categorised as overweight/obese in the type

50
40 -
30 -
20
el
0’

LGA only Gestational Pre-existing Gestational Pre-existing
diabetes only  diabetes only diabetes/LGA  diabetes/LGA

Adjusted attributable risk per cent

Fig. 2 Adjusted attributable risk per cent of maternal diabetes during
pregnancy and LGA on being overweight/obese at age 4—6 years. Error
bars represent 95% CI

1/AGA and type 1/LGA groups were similar to those in the
no diabetes/AGA and no diabetes/LGA, respectively. In fact,
LGA children of mothers with gestational diabetes or
pre-existing type 2 diabetes had the highest rates of being
overweight/obese in childhood. In the subset of children
(70%) for whom breast-feeding data were available, we found
that breast-feeding in the first 5 months was associated with
a significantly lower risk of being overweight/obese in
childhood in all groups except gestational diabetes/LGA and
pre-existing diabetes/LGA (either type 1 or type 2).

Being LGA at birth is a potentially modifiable factor and
our study highlights the need to better understand the factors
associated with its incidence in order to develop strategies to
reduce the number of children who are overweight/obese.
We believe that LGA may be a surrogate marker for two
unmeasured variables in our study: maternal weight (either
excess pre-pregnancy or gestational weight gain) or glycaemic
control during pregnancy. Maternal weight is an established
predictor of LGA [29]. Previous studies have found women
with gestational diabetes or type 2 diabetes to have higher
BMI compared with women with type 1 [30-32]. Our finding
that the rates of being overweight/obese in childhood were
higher in the gestational diabetes/LGA (42.9%) and type
2/LGA (42.5%) than in the type 1/LGA (31.4%) and also in
the gestational diabetes/AGA (23.9%) and type 2/AGA
(26.7%) than in the type 1/AGA (21.2%) supports the increasing
emphasis on maternal weight as a major contributor to
excessive weight in children [33-35].
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Table 3 Association between breast-feeding prior to 5 months and being overweight/obese in childhood
Population n Breast-fed Overweight/obesity in Overweight/obesity in aOR and 95% CI*  p value
n (%) breast-fed infants, n (%)  non-breast-fed infants, n (%)

Overall 56,164 40,274 (71.7) 7976 (19.8) 4086 (25.7) 0.75 (0.72, 0.78) <0.01
No diabetes/AGA 47,876 34,532 (72.1) 6344 (18.4) 3212 (24.1) 0.74 (0.71, 0.78) <0.01
No diabetes/LGA 3981 2887 (72.5) 946 (32.8) 432 (39.5) 0.79 (0.68, 0.91) <0.01
Gestational diabetes/AGA 3431 2315 (67.5) 507 (21.9) 319 (28.6) 0.75 (0.64, 0.89) <0.01
Gestational diabetes/LGA 414 253 (61.1) 106 (41.9) 67 (41.6) 1.04 (0.68, 1.58) 0.84
Pre-existing diabetes/AGA 339 213 (62.8) 44 (20.7) 41 (32.5) 0.61 (0.36, 1.03) 0.02
Pre-existing diabetes/LGA 123 74 (60.2) 29 (39.2) 15 (30.6) 1.61(0.72, 3.61) 0.14

 Adjusted for maternal age at delivery, ethnicity, urban residence, parity, hypertensive disorders in pregnancy, pre-existing medical conditions, 2010
annual household income at the neighbourhood level, C-section delivery and expected likelihood of having data on breast-feeding

The clear relationship between the type of diabetes and
LGA rate in our study—8% in women with no diabetes,
11% in women with gestational diabetes and 27% in women
with pre-existing diabetes—suggests that LGA may also be a
marker for worse dysglycaemia. When the pre-existing
diabetes group was further stratified, the proportion of type 2
participants with LGA was 18% compared with 41% in
participants with type 1, a group that struggles the most with
achieving glycaemic control [36]. The higher rate of LGA in
the group with pre-existing type 2 diabetes compared with the
group with gestational diabetes—two groups with likely
comparable BMI—probably results from worse dysglycaemia
in the former group.

Relative to the control group of no diabetes/AGA, the
gestational diabetes/AGA and pre-existing diabetes/AGA
groups had a 25% higher risk of being overweight/obese in
early childhood. However, the risk of being overweight/obese
was double (in the no diabetes/LGA and pre-existing diabetes/
LGA groups) and almost triple (in the gestational diabetes/
LGA group) that of the control group in children who were
born LGA. Therefore, regardless of the reason, our study
establishes that a larger proportion of excess weight in
childhood can be attributed to LGA than maternal diabetes

during pregnancy. We hope that these findings will reinforce
public health campaigns advising women who are planning to
get pregnant that, just like smoking, alcohol consumption and
other lifestyle choices, their weight prior to, and weight
gain and glycaemic control during, pregnancy may have a
significant impact on the future health of their children.

In the control group (no diabetes/AGA), the rate of
pre-school-aged children being overweight/obese was 20.5%,
suggesting that factors beyond maternal diabetes and
birthweight are at play. Breast-feeding has been found to be
an effective strategy to reduce the incidence of being
overweight/obese in childhood [8-10]. In our study, we found
breast-feeding rates in the first 5 months of life to be
significantly lower in women with gestational diabetes and
pre-existing diabetes, particularly in those with LGA infants,
compared with the control group. Breast-feeding was
associated with a reduction in the risk of being overweight/
obese in the no diabetes/AGA, no diabetes/LGA, gestational
diabetes/AGA and pre-existing diabetes/AGA groups. This
was even true in the type 1/AGA and type 2/AGA subsets
of the pre-existing diabetes groups. However, its protective
effect did not extend to the gestational diabetes/LGA
and pre-existing diabetes/LGA groups (overall, or in the

Table 4 Childhood overweight/

obesity outcomes in pre-existing Maternal characteristics Type 1/AGA Type 1/LGA Type 2/AGA Type 2/LGA
diabetes groups further stratified
into type 1 and type 2 diabetes Children, n 151 105 329 73
subgroups Mothers, n 126 90 295 69
Childhood overweight/obesity, 7 (%) 32(21.2) 33 (31.4) 88 (26.7) 31(42.5)
Overweight, n (%) 22 (14.6) 22 (21.0) 59 (17.9) 14 (19.2)
Obese, n (%) 10 (6.6) 11 (10.5) 29 (8.8) 17 (23.3)
Breast-feeding data available 107 71 232 52
Children breast-fed (n) 67 44 146 30
Overweight/obesity, n (%) 10 (14.9) 14 (31.8) 34 (23.3) 15 (50.0)
Children not breast-fed () 40 27 86 22
Overweight/obesity, n (%) 12 (30.0) 7 (25.9) 29 (33.7) 8(36.4)

@ Springer



Diabetologia

type 1/LGA and type 2/LGA subgroups). If, as hypothesised
above, LGA is a marker for poor glycaemic control during
pregnancy, further research is needed to examine whether, as
suggested previously, glucose and insulin levels in the breast
milk of mothers with diabetes may increase, rather than protect
against, the risk of childhood obesity [37, 38]. It must be noted
that the numbers of children in the gestational diabetes/LGA
and pre-existing diabetes/LGA groups were relatively small
compared with the other groups and our findings need to be
confirmed in larger observational cohorts. More information is
also needed to determine whether postnatal care practices, such
as supplementation by formula, may account for the observed
lack of association between breast-feeding and being
overweight/obese in childhood in LGA children of mothers
with diabetes.

Our study is large, contemporary and population-based, and
its findings are therefore highly generalisable. However, it has
several limitations. In addition to the lack of data on maternal
weight and glycaemic control during pregnancy addressed
previously, we acknowledge that we did not have child BMI
data and breast-feeding data for all children. While we found
some differences in demographic characteristics between
mothers of children with and without these data, we do not
believe that these missing data impact the internal validity of
our study findings. As with maternal weight, we were limited
by our inability to assess the impact of paternal weight, which
may be correlated with LGA. Our study did not take into
account any treatments that women with gestational diabetes
and pre-existing diabetes may have received and their impact
on the outcomes of interest. The breast-feeding data were not
collected on a daily basis and were instead available at specific
time points. Therefore, although we considered children who
were not exclusively breast-fed prior to 5 months as not being
breast-fed, there may be some variability in the actual duration
of breast-feeding in these children. Our dichotomised definition
of breast-feeding prior to 5 months does not take into account
supplemental formula feeding and its impact on being
overweight/obese in childhood. Although BMI is the most
common metric used to identify children who are overweight
or obese, it may not be highly correlated with total fat mass or
percentage body fat, particularly in young children. Finally, our
study used ICD codes to identify women with gestational
diabetes and pre-existing diabetes. However, the algorithms
used to identify these women were based on data linked across
healthcare settings (hospitals, outpatient clinics and physician
offices) and have been previously validated [20]. Although there
may be some misclassification, it is likely to be non-differential
and thus bias our results towards the null. Further stratification
of the pre-existing diabetes group was based on the presence of
type 1 diabetes mellitus codes being present in the inpatient or
ambulatory records only, and future validation using laboratory,
treatment and outpatient (physician office) diagnoses are needed
to ascertain the accuracy of this categorisation.

Conclusions In a large contemporary population-based cohort,
we found LGA to be a stronger marker for risk of being
overweight/obese in early childhood than maternal diabetes
during pregnancy alone. There is a need to better understand
pregnancy factors associated with the incidence of LGA, such
as maternal weight and dysglycaemia, to develop strategies to
reduce the number of children who are overweight/obese.
Breast-feeding was associated with a lower risk of being
overweight/obese in childhood in a majority of children;
however, this association was not maintained in LGA babies
of mothers with diabetes. Further research into the components
of breast milk and infant feeding practices of mothers with
diabetes is required to identify reasons for this lack of
association.
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