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Abstract: Objectives: To examine the association of maternal GDM with 1) child BMI z-score at preschool; 2)
breastfeeding initiation and duration, while adjusting for child birthweight in addition to potential confounders.

Method: Sample included 53 children (3 - 5 years old) recruited from two preschools in Jeddah, Saudi Arabia. Mothers
completed a self-administered questionnaire. Child anthropometry was completed using standardized procedures. BMI
z-scores were calculated using the WHO standards/reference data. Linear regression models were tested to examine
the association between maternal GDM and child BMI z-score, as well as breastfeeding duration. Logistic regression
models were tested to examine the association between maternal GDM and breastfeeding initiation. Models were
adjusted for child birthweight, maternal BMI, and maternal age at pregnancy.

Results: Mean child BMI z-score was 1.10 (SD= 1.22). About one quarter (24.5%) of mothers reported being diagnosed
with GDM. Mean birthweight of children whose mothers were diagnosed with GDM was 3.10 kg (SD= 0.74). Adjusting for
covariates, we found that maternal GDM was associated with increased child BMI z-score (B= 1.04, 95% Cl= 0.14 -
1.94, P-value= 0.02), and lower odds of breastfeeding initiation (OR= 0.10, 95% Cl= 0.02 — 0.49, P-value= 0.005).
Maternal GDM was not associated with breastfeeding duration (B=-4.75, 95% Cl: -11.79 — 2.29, P-value= 0.18).

Conclusion: Findings suggest that maternal GDM is associated with higher child BMI z-score at preschool and lower
likelihood of breastfeeding initiation. Studies are needed in order to identify the underlying mechanisms of associations.
Obesity prevention programs may target children whose mothers were diagnosed with GDM; prenatal breastfeeding

counseling may be offered.
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BACKGROUND

Weight status during the first few years of life is a
strong determinant of life-long obesity risk and
morbidity [1]. Obesity during childhood is associated
with premature onset of health complications; Obese
children are more likely to suffer from hypertension,
prediabetes, and dyslipidemia [2-5]. Despite global
efforts to combat childhood obesity, rates remain high
[6,7]. Childhood obesity prevalence continues to
increase in both developed and developing countries
[6,7], and worldwide prevalence of overweight and
obesity among preschoolers is expected to reach 9.1%
by the year 2020 [6]. In the Kingdom of Saudi Arabia
(KSA), the prevalence of overweight and obesity
among children is concerning, where around 14.5% of
1-6 year olds [8] and 32% of 5-18 year olds [9] were
found to be overweight or obese.

In order to design and effectively target obesity
prevention and intervention efforts, risk factors for
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childhood obesity must first be identified and
understood. Maternal-related risk factors may be
essential focal points for family-centered programs
aiming for early obesity prevention. Maternal-related
risk factors include those relating to fetal intrauterine
exposures that consequently lead to metabolic
changes in the fetus, increasing later on obesity risk.
Maternal obesity and gestational diabetes mellitus
(GDM) are two factors that may alter normal fetal
growth and programming, and may potentially affect
subsequent infant growth and metabolism [10].

The association between maternal and child obesity
is well-established [11, 12]. However, there is
conflicting evidence regarding the association between
maternal GDM and child body mass index (BMI) [13-
16]. While some prospective studies found that
maternal GDM is associated with child obesity [15, 17],
other longitudinal and retrospective studies found that
this association is entirely explained by maternal BMI
or child birthweight [10, 13, 18-20]; Some studies
showed that the association between maternal GDM
and child obesity only existed among children who
were large-for-gestational age [10, 20, 21], and children
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whose mothers were overweight during pregnancy [22].
Other findings showed no association between GDM
and child BMI in various age groups [11, 14-16, 23],
including 2- to 4-year-old children [13, 16, 24].

Furthermore, ample evidence from studies
conducted in Western and Arab countries suggest that
overweight and obese mothers may have poor
breastfeeding outcomes [25, 26], possibly due to
delayed onset of lactogenesis, or having difficulty with
physically positioning the newborn correctly [25, 26].
However, there is insufficient evidence regarding the
association between GDM and breastfeeding
outcomes, regardless of maternal BMI and child
birthweight; It is unclear whether mothers with GDM,
but with normal weight neonates, are less likely to
initiate breastfeeding and breastfeed for a longer
duration. Finally, the association of maternal GDM with
child BMI z-score and breastfeeding initiation and
duration have not been previously explored in a Saudi
sample. Given the increasing obesity rates and high
prevalence of pregnancy diabetes (about 19% of
pregnancies) [27] in countries undergoing a nutrition
transition, such as KSA [28-31], it is important to
explore associations between maternal GDM, child BMI
z-score, and breastfeeding outcomes, in a comparative
sample.

Understanding these associations can help effective
targeting and design of obesity prevention programs
that are sensitive to characteristics of a population
undergoing a nutrition transition. The objective of this
study was to examine the association between GDM
and child BMI at preschool, as well as the association
between GDM and breastfeeding initiation and
duration, while adjusting for child birthweight in addition
to potential confounders.

MATERIALS AND METHODS

Sample and Procedure

Participants were recruited through an opt-in
approach from two preschools in Jeddah, Saudi Arabia.
Study packets were sent home in the backpacks of 249
kindergarten students. Each study packet included a
recruitment form to screen for eligibility, a consent
form, and the study questionnaire. All forms were in
Arabic language, the native language of the
participants. Of the 249 study packets sent home, 65
(26%) were completed by mothers and returned to the
school in a sealed envelope. Of the 65 participants, 53
had complete data on all variables, and these 53
mothers and their children were included in the final

sample. The study inclusion criteria include; child age
between 3 and 5 years old, with no serious medical
problems or history of food allergies and living with
his/her biological mother, mother fluent in Arabic and
does not suffer from chronic illnesses, including type 1
and 2 diabetes mellitus. Participants received a small
monetary incentive upon completion of the study.
Ethical approval for this study was obtained from King
Abdul-Aziz  University = Biomedical Ethics  Unit
(registration number HA-02-J-008).

Measures

The study questionnaire comprised of questions
regarding the index child, such as the child’s sex and
birthweight, and questions regarding maternal
characteristics, including the mother’s weight and
height (used to calculate BMI as weight (kg) divided by
height’ (m?)), age at the time of the pregnancy, and
whether or not she was ever diagnosed with
gestational diabetes while pregnant with the index
child. Questions regarding breastfeeding experience
with the index child include questions about whether or
not breastfeeding was ever initiated (used in the
analysis as a categorical variable) and duration of
breastfeeding. (used in the analysis as a continuous
variable). To assess face validity, we performed a
pretest of the questionnaire with a group of mothers
with similar characteristics as mothers in our study
sample. This helped us ensure clarity of the questions
and response options. Furthermore, the questions were
reviewed by an expert in the field to further establish
validity.

Primary Outcome: Child BMI z-Score

Anthropometric measurements were taken from
children at the preschools following standardized
procedures. A digital scale and stadiometer were used.
To avoid transcription error, two trained clinical
dietitians were present to measure weight and height;
One ensured correct positioning of the child and read
the measurement aloud, and the second recorded the
data. Shoes and heavy clothing were removed. The
child was asked to stand still on the scale, with his/her
weight equally distributed on both feet. Each child was
weighed twice, and if the two readings were
inconsistent by more than 0.1 kg, the child was
weighed two more times. Similarly, height was
measured twice; If the measurements varied by more
than 0.5 cm, two more measurements were taken [32].
BMI z-scores were calculated based on the age- and
sex-specific World Health Organization (WHO) growth



Maternal Gestational Diabetes and Child BMI

International Journal of Child Health and Nutrition, 2018, Vol. 7, No. 1 17

standards for children < 5 years old and the WHO
growth reference data for children who were between 5
and 6 years old [33, 34].

Secondary Outcomes

Secondary outcomes in this study include a
dichotomous variable for breastfeeding initiation (yes
vs. no), and a continuous variable for breastfeeding
duration (in months).

Primary Predictor

The primary predictor in this study is a dichotomous
variable for a GDM diagnosis during pregnancy (yes
VS. NO).

Covariates

Child birthweight and maternal BMI and age at
pregnancy (all included as continuous variables) were
identified a priori from the literature for adjustment in
statistical analyses. It is well documented in the
literature that infants born to mothers with pregnancy
diabetes are more likely to be macrosomic and have
high birthweights [18, 35, 36], primarily due to
intrauterine  exposure to hyperglycemia. High
birthweight may lead to increased child BMI and
obesity risk [37]. Similarly, maternal BMI and age at
pregnancy were both found to be associated with
maternal GDM and child obesity risk [36]. Child
birthweight and maternal BMI and age at pregnancy
were also found to be associated with breastfeeding
initiation and duration [26, 38].

Statistical Analysis

IBM SPSS
Descriptive

Analyses were conducted using
Statistics 21.0 (Armonk, NY, USA).

statistics were used to examine sample characteristics.
To examine differences in maternal and child
characteristics by maternal GDM, Chi-square statistics
was used for categorical variables, and independent
samples t-tests were used for continuous variables.

Linear regression models were tested to examine
the association of maternal GDM with child BMI z-score
and breastfeeding duration. Logistic regression models
were tested to examine the association between
maternal GDM and breastfeeding initiation. We first ran
unadjusted models, then, models were adjusted for
child birthweight, maternal BMI and maternal age at
pregnancy. Significance level was set at P-value <
0.05.

RESULTS

Mean child BMI z-score was 1.10 (SD= 1.22). About
half (47.2%) of the children in the study sample was
male. About one quarter (24.5%) of mothers reported
being diagnosed with GDM while pregnant with the
index child, and about 70% reported that they had
initiated breastfeeding after birth. Mean breastfeeding
duration in the study sample was 14.8 months (SD=
8.62). Mean birthweight of children whose mothers
were diagnosed with GDM was 3.10 kg (SD= 0.74);
There was no significant difference in child birthweight
between mothers who reported a GDM diagnosis and
those who did not (P-value >0.05). However, there was
a significant difference in child BMI z-score and
prevalence of breastfeeding initiation between the two
groups (P-values <0.05) (Table 1).

Tables 2, 3, and 4 show the adjusted and
unadjusted associations of maternal GDM with child
BMI z-score, breastfeeding initiation and breastfeeding

Table 1: Sample Characteristics and Differences by Maternal Gestational Diabetes (GDM)

Total Diagnosis of Diagnosis of GDM
Variable GDM reported not reported P-value

N=53 (n=13) (n=40)
Child Birthweight, M (SD) 3.13(0.67) 3.09 (0.73) 3.13(0.65) 0.85
Child BMI z-score 1.10 (1.22) 1.74 (1.60) 0.88 (1.00) 0.03
Maternal BMI 26.8 (6.96) 26.0 (5.61) 27.0(7.38) 0.68
Maternal Age at pregnancy, M (SD) 24.7 (4.03) 24.8 (3.99) 24.7 (4.08) 0.90

Breastfeeding Initiated, n (%)

Yes 37 (69.8) 5(38.5) 32 (80.0) 0.005

No 8 (61.5) 8(20.0)
Breastfeeding Duration (in months), M (SD) 14.8 (8.62) 11.1(9.34) 15.7 (8.30) 0.15

Table showing means (M) and standard deviations (SD) or counts (n) and percentages (%).
Significant differences between maternal GDM groups tested by t-tests for continuous variables and Chi-square tests for categorical variables.
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Table 2: Associations of Maternal Gestational Diabetes (GDM) with Child BMI Z-Score

Unadjusted Beta Coefficient (95% ClI)
(n=53)

Beta Coefficient (95% CI) (n=53) Adjusted for

Covariates*

Diagnosis of Maternal GDM Reported
Yes
No

0.86 (0.07 - 1.64)
1

1.04 (0.14 - 1.94)
1

*P-value < 0.05.

‘Linear regression model adjusted for child birthweight, maternal BMI, and maternal age at pregnancy.

Table 3: Associations of Maternal Gestational Diabetes (GDM) with Breastfeeding Initiation

Unadjusted Odds Ratio (95% ClI)
(n=53)

Odds Ratio (95% CI) (n=53) Adjusted for
Covariates*

Diagnosis of Maternal GDM Reported
Yes
No

0.16 (0.04 — 0.61) "
1

0.10 (0.02 - 0.49) "~
1

**P-value < 0.01.

‘Logistic regression model adjusted for child birthweight, maternal BMI, and maternal age at pregnancy.

Table 4: Associations of Maternal Gestational Diabetes (GDM) with Breastfeeding Duration

Unadjusted Beta Coefficient (95% ClI)
(n=53)

Beta Coefficient (95% CI) (n=53)
Adjusted for Covariates*

Diagnosis of Maternal GDM Reported
Yes
No

-4.45 (-11.00 — 1.83)
1

-4.75 (-11.79 — 2.29)
1

»Linear regression model adjusted for child birthweight, maternal BMI, and maternal age at pregnancy.

duration. Adjusting for child birthweight, maternal age
at pregnancy and current maternal BMI, we found that
maternal GDM was associated with increased child
BMI z-score at preschool (B= 1.04, 95% confidence
interval (Cl)= 0.14 - 1.94, P-value= 0.02). Maternal
GDM was associated with lower odds of breastfeeding
initiation (OR= 0.10, 95% Cl= 0.02 - 0.49, P-value=
0.005). Furthermore, GDM was negatively associated
with breastfeeding duration. However, this association
did not reach statistical significance (B= -4.75, 95% CI:
-11.79 — 2.29, P-value= 0.18).

DISCUSSION

Findings from our study suggest that a positive
GDM diagnosis in mothers is associated with higher
child BMI z-score at preschool. A positive GDM
diagnosis in mothers was also associated with lower
likelihood that mothers would initiate breastfeeding
after birth. Results were not attenuated by adjusting for
child birthweight, maternal BMI, and maternal age at
pregnancy. Furthermore, mean birthweight of children
whose mothers were diagnosed with GDM was similar

to mean birthweight of children whose mothers were
not diagnosed with GDM. This suggests that there may
be other mechanisms, possibly involving the
intrauterine environment and fetal exposures, that lead
to increased child adiposity during early years. In
addition, there may be other associated factors that
explain the poor breastfeeding outcomes in mothers
diagnosed with GDM.

Offspring of diabetic mothers are susceptible to fetal
programming in the intrauterine metabolic environment
via insulin resistance and hypothalamic changes [17,
39]; Hyperlipidemia often present in GDM may
negatively affect leptin sensitivity in the developing fetal
tissues, particularly in the hypothalamus [40]. The
hypothalamus is responsible for secreting several
neuropeptides and hormones which play a key role in
appetite and metabolism regulation. Neuropeptide Y
(NPY), secreted by neurons expressed in the arcuate
nucleus in the hypothalamus stimulates food intake,
causes a reduction in energy expenditure and, through
peripheral receptors, leads to weight gain. Agouti
related peptide (AGRP), also secreted by neurons of
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the arcuate nucleus, causes increased energy intake
and weight gain. These peptides decrease energy
intake by reducing the appetite and have a net negative
effect on weight [41, 42]. Since the 1950’s, Pederson
hypothesized the following “maternal hyperglycaemia
results in foetal hyperglycaemia and, hence, in
hypertrophy of foetal islet tissue with insulin-
hypersecretion. This again means a greater foetal
utilization of glucose. This phenomenon will explain
several abnormal structure and changes found in the
newborn”. Since then, many studies have been
published that substantiate this theory and in fact,
mechanisms to explain it have been explored in
animals and in humans [43-45]. Our findings further
support Pederson’s hypothesis, and future work is
needed in order to identify the exact underlying
pathways.

Our findings are consistent with previous studies
that reported an association between intrauterine
exposure to GDM and obesity in other age groups,
including school-age [15, 17], and adolescence [46].
Although some found that the association between
GDM and child obesity was entirely explained by child
birthweight or maternal BMI [10, 13, 18-20], and others
found no association between GDM and child BMI [11,
14, 16, 23], this discrepancy could be due to
differences in characteristics of the populations studied,
such as age of enrolled children and weight status
outcome used. In addition, the prevalence of GDM in
our sample was high at 24.5%, while previous studies
that found null associations had lower prevalence in
their samples (e.g., 4% and 11%) [14, 23].

Furthermore, our study supports other findings that
showed poor breastfeeding outcomes for mothers with
gestational diabetes [47, 48], although our study was
the first, to our knowledge, to adjust for child
birthweight, maternal BMI, and maternal age at
pregnancy [48]. Our results suggest that factors other
than those relating to correctly positioning the infant
might come into play; Mothers with gestational diabetes
may worry more about the infant’s health, experience
low milk supply, or delayed lactogenesis [47, 49], which
may adversely affect breastfeeding initiation. Our study
did not find a significant association between maternal
GDM and breastfeeding duration. This could be due to
the majority of mothers reporting a GDM diagnosis also
reporting that they’ve never initiated breastfeeding.

This study has several strengths. To our knowledge,
this is the first study to investigate the association of
maternal GDM with child BMI z-score and

breastfeeding initiation and duration in a Saudi sample,
while adjusting for child birthweight, maternal BMI and
maternal age at pregnancy. Our study was also the first
to include 3- to 5-year-old children. Weight and height
of children was objectively measured, and face validity
of the questionnaire was established. This study also
has some limitations. First, the sample size was small,
which might have affected our ability to detect
significant associations, and adjust for potential
confounders, such as maternal educational level and
smoking status. Mothers were categorized as having a
history of GDM only if they were aware of and had
reported a GDM diagnosis while pregnant with the
index child; Maternal GDM was not objectively
measured, and different blood glucose levels were not
examined. However, we would expect such approach
to result in a higher prevalence of GDM in our sample,
and consequently, stronger associations. Furthermore,
child birthweight was obtained through maternal report
and not through hospital records, although both were
found to be significantly comparable [50].

Our findings suggest that maternal GDM is
associated with higher BMI z-score at preschool, and
that this association may not be driven by higher
birthweight. Mothers with GDM were also less likely to
initiate breastfeeding. Studies are needed in order to
identify the underlying mechanisms of associations.
Obesity prevention and intervention programs may
target children whose mothers were diagnosed with
GDM prior to preschool years, and counseling may be
offered prenatally to increase breastfeeding initiation.
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