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Abstract

Background: Gestational Diabetes Mellitus (GDM) is common in South East Asia, occurring at relatively lean Body
Mass Index (BMI). Outside pregnancy, cardiometabolic risks increase at lower BMI in Asian populations, justifying
Asian-specific thresholds for overweight and obesity. We aimed to explore the effects of GDM and obesity on perina-
tal outcomes using a WHO expert consultation-recommended Asian-specific definition of obesity.

Methods: This is a secondary analysis of a prospective, hospital-based, cohort study in Ho Chi Minh City. Participants
were recruited from antenatal clinics between 19792276 weeks gestation and followed until delivery. GDM screening
occurred between 24 and 28 weeks using WHO criteria. Obesity was defined as BMI > 27.5 kg/m?, based on weight
and height at recruitment. We assessed associations between GDM (singly, and in combination with obesity) and
perinatal outcomes. Participants were categorised into four groups: no GDM/non-obese (reference group), GDM/
non-obese, no GDM/obese and GDM/obese. Outcomes included primary caesarean section, hypertensive disorders
of pregnancy (HDP), large-for-gestational-age (LGA), birth weight, preterm birth, and composite adverse neonatal out-
come. Logistic and linear regressions were performed with adjustment for differences in baseline characteristics.

Results: Among 4,970 participants, 908 (18%) developed GDM. Compared to women without GDM, GDM increased
risks for preterm birth (OR: 1.40, 95% Cl: 1.09-1.78), higher birthweight (birthweight z-score 0.16 versus 0.09, p=0.027),
and LGA (OR 1.14, 0.89-1.46). GDM without obesity was associated with an increased risk of preterm birth (OR 1.35,
1.04-1.74). Obese women without GDM were more likely to deliver by caesarean section and have an LGA baby (1.80,
1.33-2.44 and 2.75, 1.88-4.03). The highest risks were observed amongst women with both GDM and obesity: caesar-
ean Sect. (243, 1.49-3.96), LGA (3.36, 1.94-5.80) and preterm birth (2.42, 1.32-4.44).

Conclusions: GDM was associated with an increased risk of preterm birth and larger newborn size. Using an Asian-
specific definition of obesity, we demonstrate obese women with GDM are at the highest risk of adverse outcomes.
Using a BMI threshold in pregnancy of 27.5 kg/m? (between 19 and 22 weeks gestation) for Asian women can identify
women who will benefit from intensified diabetes, nutritional, and obstetric care. This has relevance for obstetric ser-
vice delivery within Asia, and other health systems providing pregnancy care for Asian expatriate women.
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Synopsis

Gestational Diabetes Mellitus is associated with adverse
pregnancy outcomes (preterm birth, larger newborn
size at birth, and caesarean section). These outcomes are
exacerbated by obesity (as defined by Asian BMI thresh-
olds) in a Vietnamese population.

Background

Gestational diabetes mellitus (GDM) is the new onset of
glucose intolerance during pregnancy and affects around
15% of pregnancies worldwide, equivalent to 21 million
births annually [1, 2]. GDM is usually diagnosed about
24-28 weeks gestation, with the diagnostic gold stand-
ard being the oral glucose tolerance test (OGTT). GDM
can lead to complications during pregnancy and birth [3],
including increased need for delivery by Caesarean sec-
tion (C-section), hypertensive disorders of pregnancy
(HDP) and large-for-gestational-age (LGA) babies. Asso-
ciations with other adverse neonatal outcomes have been
less consistently demonstrated [4—6].

For decades there has been controversy over glycae-
mic thresholds used to define GDM. The WHO/IADPSG
criteria for diagnosis of GDM was released following
the Hyperglycaemia and Adverse Pregnancy Outcomes
(HAPO) Study [7], and is based on the risk of adverse
perinatal outcomes [8].

To date, most research on the consequences of GDM has
been conducted in western populations. GDM is common
in South-East Asia (SEA), affecting up to 18% of pregnant
women [9], however adverse outcomes have been less con-
sistently observed. For example, two studies reported no
association between GDM and C-Sects. [10, 11], and only
weak associations with pregnancy-induced hypertension
and LGA babies [11, 12]. These differences could be due to
study design, genetic, metabolic, behavioural, or therapeu-
tic differences. However, it is notable that women in SEA
with GDM usually have much lower BMIs than their west-
ern counterparts, upon whom much of our understanding
of GDM is based.

During pregnancy, obesity and GDM are found to act
synergistically to increase the risk of adverse perinatal
outcomes in Western populations [13]. However, as pop-
ulations across Asia experience economic and nutritional
transition, the proportion of people living with obesity is
increasing. The effects of this on population health are
concerning, particularly as cardiometabolic complica-
tions occur in Asian populations at relatively lower BMI
than people with European (white) ancestry [14]. During

pregnancy, the adverse consequences of GDM associated
with obesity could follow this pattern, with increased
risk observed at BMI levels below the WHO definition of
obesity (30 kg/m?).

Therefore, we aim to examine the association between
GDM and adverse pregnancy outcomes and explore how
obesity, (using a definition of BMI > 27.5 kg/m? as recom-
mended by a WHO expert consultation for Asian popu-
lations) modulates these risks in an Asian (Vietnamese)
urban population.

Methods

The current study is a secondary analysis from the Viet
Nam Preterm Birth Biomarkers (PBB) Project. The PBB
was a prospective cohort study conducted between Octo-
ber 2016 to October 2018 in Tu Du Hospital in Ho Chi
Minh City, the largest maternity hospital in Viet Nam.
Viet Nam is a rapidly developing country with a popula-
tion of 90 million, GDP per capita of USD 10,755 (Pur-
chasing Power Parity) in 2020, and a maternal mortality
ratio of 211 per 100,000 live births in 2017 [15].

From October 2016 until May 2018, women between
1970 to 227° weeks gestation were recruited from the
hospital’s antenatal outpatient service. Inclusion criteria
were maternal age > 18 years, singleton pregnancy, inten-
tion to deliver at Tu Du Hospital, ability to give written
informed consent, certainty in pregnancy dating from
ultrasound scan<14 weeks gestation, and no signs or
symptoms of a threatened miscarriage. Participants were
followed up through pregnancy, labour and birth, until
the last mother-newborn pair was discharged (last partic-
ipant October 2018). For this secondary analysis, further
exclusions were applied to women who delivered at <24
weeks gestation (as this preceded the gestation of GDM
diagnosis).

The primary exposure for this study was GDM, studied
both singly and in combination with obesity. We felt this
two-step approach in studying these risk factors (GDM
and obesity) is appropriate as GDM has a high prevalence
in Asian populations so it is important to look at its asso-
ciated adverse outcomes. However, it is also important to
isolate any independent effects of BMI, particularly given
the metabolic overlaps between GDM and obesity.

GDM screening is universal in this hospital as
part of routine clinical care. GDM was defined using
the IADPSG/WHO criteria (fasting>5.1 mmol/L;
1-hour>10.0 mmol/L; 2-hour>8.5mmol/L). The diag-
nosis was by 75-gram OGTT between 24 and 28 weeks
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gestation. BMI was measured from height and weight
measurements collected at recruitment (191° to 22+°
weeks gestation). Height was measured using an Adult
Stadiometer (Seca 242 Digital Display), and weight
measured using an Adult Scale (Seca 877 Portable Digi-
tal Scale) at recruitment. The definition of BMI in Asian
populations is controversial [14]. In 2004 a WHO expert
group published recommendations for BMI thresholds
for overweight and obesity for Asian populations. This
concluded that despite differences in the BMI where
cardiometabolic risk was increased, as there were no
consistent thresholds, the universal definition of obesity
should be used. However within this document, Asian-
specific trigger points for public health action were given
(underweight < 18.5 kg/m? normal 18.5-23 kg/m? over-
weight 23-27.5 kg/m?, obese>27.5 kg/m? [14]. Given
the possibility that adverse consequences associated with
obesity could be occurring at lower BMI in this popula-
tion, we used the Asian trigger point definitions of BMI
category for this study.

To study the associations of GDM and obesity in com-
bination, participants were divided into four mutually
exclusive groups: (1) no GDM, no obesity; (2) GDM,
no obesity; (3) no GDM, obesity; and (4) GDM, obesity.
Multivariable logistic regression was used to study the
association of GDM and obesity on the three most com-
mon adverse outcomes (any C-section, LGA, and pre-
term birth). Women with no GDM and no obesity were
used as the reference group.

We excluded women with pre-existing diabetes (either
Type 1 or Type 2 Diabetes). Potential confounding expo-
sures included: maternal age, gestational weight gain from
either self-reported pre-pregnancy or weight measured
early in conception until recruitment, socioeconomic sta-
tus (using occupation as a proxy measure), parity, history
of hypertension, and history of preterm birth.

Maternal and newborn outcomes associated with GDM
were selected based on previously observed associa-
tions ranked by consensus [16]. Outcomes assessed were:
primary C-section, any C-section (including women
who delivered by C-section in earlier pregnancies);
HDP including either gestational hypertension (systolic
BP > 140 mmHg, diastolic BP > 90 mmHg), pre-eclamp-
sia, eclampsia, or HELLP (haemolysis, elevated liver
enzymes, and low platelets); and newborn size at birth
using birthweight, birth weight z-score, LGA and SGA
(small-for-gestational-age), defined respectively as >90th
and < 10th percentile according to the INTERGROW TH-
21st Newborn Size Standards for gestational age at birth
and newborn sex [17]. Macrosomia was defined as birth-
weight >4000 g. Preterm birth was defined as delivery at
<37 weeks gestation. We used a composite indicator of
a severe neonatal adverse outcome as per the ACHOIS
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Study [18], comprising: stillbirth, neonatal death before
discharge, neonatal intensive care unit (NICU) admis-
sion, fractured clavicle, transient tachypnoea, or respira-
tory distress syndrome.

All data were recorded by trained research midwives
on paper case record forms and electronically tran-
scribed. Data were collected at two time points: recruit-
ment, and after birth before discharge from the hospital.
Trained research midwives interviewed the women at
each visit, with medical details obtained from medical
records. Women who delivered in other hospitals were
interviewed by telephone for basic delivery information.
Data were transcribed and stored in a secure database
(CliRes).

The sample size was based on the PBB study’s primary
objectives. Post hoc, we estimated that for 900 women
with GDM compared to 4,000 controls, for outcomes at
5% prevalence in the control group, a risk difference of
2% could be demonstrated, with 80% power and statisti-
cal significance set at a two-tailed p-value of <0.05.

Participants loss-to-follow-up were excluded, yielding
a complete case analysis. As loss-to follow-up rates were
extremely low (0.2%), no imputation was performed for
missing values. For weight-related outcomes (LGA and
weight z-score), implausible outliers for weight z-score
with >or <than three standard deviations (SD) from the
mean were dropped. Participant recruitment and subse-
quent exclusion are presented in a flow diagram.

Univariate analyses used Student T-test for nor-
mally distributed variables, Mann-Whitney U-test
for skewed continuous variables, chi-squared test of
homogeneity for categorical variables, and chi-squared
test for linear trend for ordinal variables. A 5% two-
sided significance level was used for all p-values.
Box-and-whisker plots were constructed for new-
born weight (grams) and weight z-score. Multivari-
able logistic regression reported Odds Ratios (OR),
and multivariable linear regression reported beta
coefficients with 95% confidence intervals (CI). Con-
tinuous variables were checked for the assumption of
log-linear association by testing for departure from
linearity using the Likelihood Ratio Test. Covariates
that showed a significant association with both expo-
sure and outcome and were not on the causal pathway
were assessed for confounding using the chi-squared
values from the Likelihood Ratio Test of each serial
adjustment for covariates with and without the pri-
mary exposure. This helped to gauge how much statis-
tical information the primary exposure contributed to
model fit. The decision for adjusting for relevant con-
founders were informed by both statistical criteria and
biological plausibility based on our clinical knowledge
and understanding of the literature, Variance Inflation
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Factors were used to check for multicollinearity, and
model diagnostics for linear regression included
homoscedasticity, assumption of linearity, and normal-
ity of residuals.

To assess the potential of unmeasured confounders
explaining away an observed association, the E-Value
was computed for outcomes with evidence of signifi-
cant association [19].

All analyses and plots were performed using STATA
16.1 (StataCorp LLC, Texas, USA).

Results

From 10,711 pregnant women screened, 5,000 met
the PBB entry criteria and gave consent for participa-
tion. After enrolment, 12 women were loss-to-follow-
up, and four withdrew. In addition, we excluded nine
women with pre-existing diabetes and five who deliv-
ered <24 weeks gestation, leaving 4,970 women and
babies for analysis, Fig. 1.
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Cohort characteristics
There were 908 women (18%) diagnosed with GDM, of
whom 19 (2%) were treated with insulin.

The mean BMI was 22.5 kg/m? in women without
GDM, compared to 23.5 kg/m2 in those with GDM
(p<0.001). Among the 267 (5.4%) women classified as
obese as per the Asian threshold (27.5 kg/m?); 189 (4.7%)
did not have GDM, while 78 (8.6%) had GDM. Among
the 1,895 women classified as overweight as per the Asian
threshold (23-27.5 kg/m?); 1,466 (36%) did not have
GDM, while 429 (47%) had GDM. Among 4,970 women,
78% were neither diagnosed with GDM nor obese, 17%
had GDM but were not obese, 3.8% did not have GDM
but were obese, and 1.6% had both GDM and obesity.
Compared to women without GDM and who were not
obese, women with GDM and were obese were signifi-
cantly older (»<0.001), Table 1. A similar trend was also
seen in gestational weight gain; women with GDM and
obesity gained on average 2 kg more weight by recruit-
ment (around 21 weeks gestation), (p <0.001). In order to

10,711 women
screened
for enrollment

[ ”| Taking progesterone before 20 weeks = 843

Plan to deliver elsewhere = 3,374
No ultrasound scan <14 weeks = 974

Twins = 219
Declined = 266
Other =35

5,000 women

+0 +6
Gestational age: 19 to22 weeks

[

Diagnosed with GDMT = 908

accordingly

/\.

Fig. 1 Flow Diagram of Study Participants. T Gestational Diabetes Mellitus; flow diagram showing participant recruitment from enrolment to
corresponding numbers of women who were and were not diagnosed with gestational diabetes. Reasons and number of exclusions are stated

Loss to follow-up = 12

Withdrawn from study = 4
Pre-existing diabetes = 9

Gestational age at birth <24 weeks =5

Not diagnosed with GDMT = 4,062
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Table 1 Maternal Baseline Characteristics by Gestational Diabetes Mellitus and Obesity Status
Baseline characteristics
No GDM, no obesity GDM, No GDM, obesity GDM, obesity  P-value
no obesity
Total N (%) 4970 3873 (78) 830(17) 189 (3.8) 78 (1.6)
Age (years) Mean (SD) 285 (4.3) 303 (4.5) 304 (5.0) 314(5.7) <0.001
Marital status N (%)
Married 3863 (99.7) 829 (99.9) 189 (100) 78 (100) 0.973
Divorced, separated, or single 10(0.3) 1(0.1) 0(0) 0(0)
Highest education level attained N (%) <0.001
No school attended/Primary 57 (1.5) 13(1.6) 9(4.8) 5(6.4)
Secondary 1115 (28.8) 238 (28.7) 78 (41.3) 38(48.7)
Professional/technical training 1045 (27.0) 223 (26.9) 44 (23.3) 16 (20.5)
University 1656 (42.8) 356 (42.9) 58 (30.7) 19 (24.4)
Occupation N (%) <0.001
Managerial/professional/technical 1420 (36.7) 287 (34.6) 44 (23.3) 13(16.7)
Clerical/services/sales 1063 (27.5) 246 (29.6) 60 (31.8) 22(28.2)
Skilled/unskilled manual labour 555(14.3) 114 (13.7) 35(18.5) 13(16.7)
Housework 708 (18.3) 146 (17.6) 40(21.2) 26 (33.3)
Student/other 127 (3.3) 37(45) 10(5.3) 4(5.1)
Smoking N (%) 1(0.03) 0(0) 0(0) 0(0) 0.963
Gestational weight gain (until recruitment)
Mean (SD)
Gestational weight gain (kg) 50(3.0 5228 6.8 (4.4) 6.9 (4.0) <0.001
Average weekly gestational weight gain (kg/week) 02(0.1) 0.2(0.1) 03(0.2) 03(0.2) <0.001
Gestational age at birth (weeks) 39 (38-40) 39 (38-40) 39 (38-40) 38 (38-40) <0.001
Median (IQR)
Medical history
Hypertension N (%) 8(0.2) 1(0.1) 4(2.1) 339 <0.001
Obstetric history
Parity N (%) <0.001
Nulliparous 2133 (55.1) 426 (51.3) 69 (36.5) 31(39.7)
Multiparous 2 1740 (44.9) 404 (48.7) 120 (63.5) 47 (60.3)
Among women who had previous birth/s
Total N (%) 2304 1735(75.3) 403 (17.5) 120(5.2) 46 (2.0)
History of macrosomia 33(1.9) 13(3.2) 7(5.8) 5(10.9) <0.001
N (%)
History of preterm N (%) 198 (11.4) 50(124) 11(9.2) 7(15.2) 0.682
History of neonatal death N (%) 97 (5.6) 27 (6.7) 6 (5) 4(8.7) 0.680

GDM (diagnosis of ) Gestational Diabetes Mellitus; Baseline characteristics of women with and without GDM. P-values used two-tailed test at the 5% significance level

2 Includes women who had 1-4 previous births
Obesity defined as BMI > 27.5 kg/m?

account for the fact that women were recruited at slightly
different gestational ages (19-22 weeks), we also looked
at the average weight gain per week throughout gestation,
and this difference remained significant; obese and GDM
women gained more weight per week than women with-
out GDM and not obese (p<0.001). In addition, obese
women with GDM were more likely to have had a history

of hypertension compared to women who had neither
GDM nor obesity (3.9% versus 0.2%, p<0.001). Women
with both GDM and obesity were also more likely to be
multiparous compared to those women with neither
GDM nor obesity (60% versus 45%, p<0.001), as well as
more likely to have a history of giving birth to a macroso-
mia baby/ies; 11% versus 2%, p <0.001.
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Maternal outcomes
Women with GDM experienced similar rates of primary
C-section compared to those without GDM (35% versus
33% respectively, p=0.3), Table 2. More women with
GDM experienced severe pre-eclampsia, eclampsia or
HELLP than women without GDM (1.3% versus 0.6%,
p=0.03). However, after adjustment for confounders,
this difference was no longer significant (OR: 1.42, CL
0.70-2.87).

More women with GDM delivered preterm (11% in
GDM compared to 8% in non-GDM women, p =0.002),
and this association remained significant after adjustment
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for potential confounders; GDM-women were at 40% sig-
nificantly increased odds of delivering preterm (OR: 1.40,
CI: 1.09-1.78).

Neonatal outcomes
The proportion of male babies was 52% and 50% in non-
GDM and GDM-women, respectively. Whilst the mean
birth weight was similar, after accounting for gestational
age and gender, babies exposed to GDM had higher birth-
weight z-scores (0.16 compared to 0.09, p=0.03), Fig. 2.
Babies exposed to GDM were also more likely born
macrosomia (unadjusted OR 1.48, CI 1.05-2.08), or LGA

Table 2 Univariate and Multivariable Analysis of Maternal Outcomes by Gestational Diabetes Mellitus Status

Maternal Outcomes
Outcome Total No GDM GDM 0Odds Ratio (Unadjusted) Odds Ratio (Adjusted)
(95% Cl) (95% Cl)
Primary C-section 1372 1117/3410 (32.8%) 255/738 (34.6%) 1.08 (0.92-1.28) 1.01 (0.85-1.19)°
Total C-section 2181 1757/4062 (43.3%) 424/908 (46.7%) 1.15(0.99-1.33) 0.97(0.83-1.12)°
Hypertensive disorders of pregnancy 169 13074062 (3.2%) 39/908 (4.3%) 1.36 (0.94-1.96) 1.03 (0.70-1.52)°
Severe pre-eclampsia, eclampsia, HELLP 38 26/4062 (0.6%) 12/908 (1.3%) 2.08(1.05-4.14) 142 (0.70—2487)b

GDM (diagnosis of ) Gestational Diabetes Mellitus; Univariate and multivariable logistic regression reporting Odds Ratios with 95% confidence intervals for association
of GDM with maternal outcomes.

@ Adjusted for: age, BMI, socioeconomic status
b Adjusted for: age, BMI, gestational weight gain, socioeconomic status, parity, history of hypertension
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Fig. 2 Newborn Weight by Mothers with and without Gestational Diabetes Mellitus. GDM (Gestational Diabetes Mellitus); box and whisker plot
showing newborn weight (in grams) and newborn weight z-score (adjusted for gestational age at birth and newborn sex) born from mothers with
and without GDM
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(unadjusted OR 1.33, CI 1.05-1.69), Table 3. However,
after adjustment for other confounders (maternal age,
BMI, gestational weight gain, socioeconomic status, par-
ity), a null effect could not be excluded.

No significant differences were observed in the indi-
vidual components of neonatal mortality or severe mor-
bidity. There was no difference in the overall composite
neonatal adverse outcome (6% in non-GDM and 7%
in GDM women, p=0.2) or risk of NICU admission in
babies born to women with GDM (5% in non-GDM and
6% in GDM women, p=0.2), Table 3. Two babies suf-
fered a fractured clavicle at birth; however, both were
born to non-GDM mothers.

Relationship between obesity, GDM and adverse outcomes
Overall, 267 (5.4%) women were classified as obese as
per the Asian threshold, and these women were over-
represented amongst the GDM group 8.6%, compared to
non-GDM 4.7%, p <0.001. Compared to women without
GDM or obesity, non-obese women with GDM were at
increased risk of preterm birth (OR 1.35), but not C-sec-
tion or LGA, Fig. 3. This contrasts with the risks observed
in women who were obese without GDM. C-section and
LGA were increased (OR 1.80 and 2.75), and whilst the
point estimate for the risk of preterm birth was similar
to in the non-obese women with GDM, a null effect can-
not be excluded as the confidence interval crosses 1. The
most significant risks however were observed amongst
the women with both GDM and obesity. In these women,
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the risks of C-section, LGA and preterm birth were all
increased (OR 2.43, 3.36 and 2.42, respectively).

The E-Value for GDM’s impact on preterm birth was
2.15, and for GDM and obesity’s collective impact on
C-section, LGA, and preterm birth was 2.49, 3.07, and
2.49, respectively. These E-Values affirm the validity of
these estimates, indicating they are relatively robust
against unmeasured confounding.

Discussion

This study aimed to elicit the burden of GDM (both sin-
gly and in combination with obesity) on adverse peri-
natal outcomes in an urban Asian population. As such,
we used Asian-specific cut off points for BMI, as recom-
mended by the WHO in order to more accurately reflect
the synergistic adverse impact of obesity. We present evi-
dence that women and babies affected by GDM in Ho Chi
Minh City experienced higher preterm birth and were
born LGA. The most striking associations however were
amongst women who had GDM and were also obese,
in whom the risks of C-section, LGA and preterm birth
were all increased. The overall prevalence of GDM in this
study was high (18%), consistent with other reports from
SEA populations [9].

We add new insights into the synergistic effects of BMI,
specifically obesity on perinatal outcomes, defined using
an Asian specific threshold. We demonstrate that obe-
sity, defined >27.5 kg/m? and GDM act synergistically
towards three pregnancy outcomes: C-section delivery,

Table 3 Univariate and Multivariable Analysis of Neonatal Outcomes by Gestational Diabetes Mellitus Status

Neonatal Outcomes
Outcome Total No GDM GDM Odds Ratio or beta Odds Ratio or beta
N (%) or mean (SD) ? N (%) or mean (SD) ? coefficient (Unadjusted) coefficient (Adjusted)
(95% CI) (95% CI)

Large for gestational age 434 337/4060 (8.3%) 97/903 (10.7%) 1.33(1.05-1.69) 1.14 (0.89-1.46)°
Macrosomia 188 142/4060 (3.5%) 46/903 (5.1%) 1.48 (1.05-2.08) 1.22 (0.86-1.72)¢

Small for gestational age 273 223/4060 (5.5%) 50/903 (5.5%) 1.01(0.74-1.38) 1.08 (0.78-1.50)°
Birthweight (g) 3211(444.19)° 3198(478.62)° -12.97° (-45.47t0 19.53) -781b(-36.99 t0 21.37)
Birthweight z-score 0.087(0.86) ° 0.158(0.91)° 0.071°(0.01t00.13) 0.017° (-0.044 t0 0.079) ©
Preterm birth 428 326/4062 (8.0%) 102/908 (11.2%) 1.45(1.15-1.83) 1.40(1.09-1.78) ©
Adverse neonatal outcome 296 233/4062 (5.7%) 63/908 (6.9%) 1.23(0.92-1.63) 1.05(0.78-1.42) f

NICU admission 269 211/4062 (5.2%) 58/908 (6.4%) 1.25(0.92-1.68) 1.19(0.87-1.61)¢

GDM (diagnosis of ) Gestational Diabetes Mellitus; Univariate and multivariable logistic and linear regression reporting Odds Ratios and beta-coefficients with 95%

confidence intervals, respectively, for association of GDM with neonatal outcomes.

@ Mean (standard deviation)
b Beta-coefficient

¢ Adjusted for: age, BMI, gestational weight gain, socioeconomic status, parity

4 Adjusted for: age, BMI, gestational weight gain, socioeconomic status, parity, gestational age at birth, newborn sex

¢ Adjusted for: age, BMI, socioeconomic status, parity, history of preterm
f Adjusted for: age, BMI, socioeconomic status, gestational age at birth
9 Adjusted for: age BMI parity, socioeconomic status
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Total (n) Outcomes (%) OR (95% Cl)
Outcome: Any c-section
No GDM, no obesity 3873 42 1
GDM, no obesity 3| 830 45 0.98 (0.84-1.14)
No GDM, obesity = 189 60 1.80 (1.33-2.44)
GDM, obesity — 78 68 2.43 (1.49-3.96)
Outcome: Large for Gestational Age
No GDM, no obesity 3871 8 1
GDM, no obesity 826 10 1.19 (0.92-1.55)
No GDM, obesity —= 189 19 2.75 (1.88-4.03)
GDM, obesity —— 77 23 3.36 (1.94-5.80)
Outcome: Preterm Birth
No GDM, no obesity 3873 8 1
GDM, no obesity 830 1 1.35 (1.04-1.74)
No GDM, obesity 189 10 1.32 (0.80-2.17)
GDM, obesity D 78 18 2.42 (1.32-4.44)
012345
Odds Ratios
|GDM: Gestational Diabetes Mellitus|
Fig. 3 Relationship between Maternal Gestational Diabetes Mellitus, Obesity (defined: BMI > 27.5 kg/m?), and Perinatal Outcomes. C-section
adjusted for age and socioeconomic status; Large for Gestational Age adjusted for age, socioeconomic status, parity; Preterm Birth adjusted for age,
socioeconomic status, parity, history of preterm birth

LGA, and giving birth preterm. Whilst this is consistent
with the risks in obese women with GDM reported by
the HAPO group [20], it is notable in our study that these
risks were observed at a much lower BMI threshold (27.5
versus 33 kg/m?). BMI was calculated in our study at
19-22 week’s of gestation rather than before pregnancy,
meaning that potentially adverse effects would have been
observed at even lower pre-pregnancy BMIs. Among
women who were both GDM and obese, we observed an
increased risk for C-section delivery of 2.43, compared
to 1.71 in the HAPO cohort, and the risk of delivering
an LGA baby was 3.36 compared to 3.62 [20]. While the
timing of the BMI measurements differed between our
study and the HAPO cohort (19-22 weeks in this study
versus 24-32 weeks gestation), we feel it is unlikely that
weight gain between these gestations could account for
the difference in BMI thresholds we observed (6 kg/m?).
Our study supports the hypothesis that adverse maternal
and fetal metabolic effects of GDM that are associated
with obesity occur at lower BMI in Asian women.

This finding is consistent with observations outside
pregnancy [21] and has implications for risk stratifica-
tion in antenatal care. Asians have a higher percentage
of body fat at the same BMI than their European (white)
counterparts, with percentage body fat 3—5% higher than
in people of European (white) ancestry for the same BMI
[22, 23]. In Viet Nam, percentage body fat may be a better
way to identify people at increased metabolic risk. Per-
centage body fat>30 in men and >40 in women detected
around 15% of adults as obese, compared to 1.1% in men
and 1.3% in women using a BMI threshold of >30 kg/
m? [24]. Our findings suggest that the 30 kg/m? thresh-
old used outside pregnancy, or the 32 kg/m?* suggested
for use in pregnancy (as per HAPO), are not sensitive
indicators of pregnancy risk in this population. Given
that the measurement of body fat percentage is challeng-
ing during pregnancy, we feel the lower BMI threshold
is a practical alternative. This study observed that GDM
mothers were at 16% increased odds for delivering LGA
babies, with the association modulated by maternal
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Odds Ratio? Weight

Study Sample (n) Cases (%)’ (95% Cl) P-value (%)
Primary c-section

Hirst et al 2316 787 (34.0) r—l—— 1.37 [ 0.99, 1.80] 0.054 193
Nguyen et al 1769 677 (38.3) |~ 1.32[ 1.06, 1.64]  0.015 33.8
Current study 4148 1372 (33.1) . 1.08 [ 0.92, 1.28] 0.347 488
Heterogeneity: T = 0.01, I = 33.11%, H* = 1.50 > 1.21[1.03, 1.42]  0.018

Testof 8,=6:Q(2) =2.76, p =0.25

Large-for-gestational-age’

Hirst et a/ 2316 284 (12.3) — 1.75[ 1.16, 2.64] 0.007 20.5
Nguyen et al 1769 100 (5.7) -t——— 1.38[ 0.89, 2.15] 0.150 17.9
Current study 4963 434 (8.7) - 1.33[ 1.05, 1.69] 0.018 61.6
Heterogeneity: T = 0.00, I = 0.00%, H* = 1.00 S 1.42[1.17, 1.71]  <0.001

Testof 8,=6:Q(2) = 1.29, p = 0.52

Preterm birth/labour

Hirst et al 2316 164 (7.1) L 2.33[ 145, 3.73] <0.001 25.5
Nguyen et al 1769 92 (5.2) —+——— 1.26[ 0.79, 2.01] 0.328 25.9
Current study 4970 428 (8.6) —— 1.45[ 1.15, 1.83] 0.002 48.6
Heterogeneity: 1 = 0.03, I* = 46.95%, H* = 1.89 ~li— 1.58[ 1.17, 2.13) 0.003

Testof 8,=6:Q(2) =3.87, p=0.14

Random Effects Model

1: Cases = Outcomes

2: Unadjusted

3: > 90" percentile

10 15 20 25 30 35

Fig. 4 Comparison of studies examining outcomes in pregnancies affected by GDm in Viet Nam

obesity. Therefore, identifying the women at greatest risk
of complications could help target nutritional support
and intensive blood glucose monitoring in a resource
constrained setting.

Our work adds to a growing body of work on GDM
in Viet Nam and the association with adverse perina-
tal outcomes (Fig. 4). Two other studies also based in
urban populations reported similar findings with GDM
[10, 12], although neither stratified for obesity. Associa-
tions between GDM and LGA and preterm birth have
been consistently demonstrated. However, the associa-
tion between GDM and C-section is less consistent. It is
notable that the background C-section rate in urban Viet
Nam is very high, potentially masking any effect of the
GDM on likelihood of C-section birth.

The strengths of this study include a relatively large
sample size, which enabled sufficient power to test for
GDM'’s association with primary C-section, LGA, and
preterm birth. This study was conducted using a pro-
spective design with very low loss-to-follow-up (0.2%),

minimising selection bias. GDM and BMI were measured
objectively, before and without knowledge of the out-
comes, reducing information bias. In addition, we used
international definitions of GDM (WHO/IADPSG) and
size at birth (INTERGROW TH-21st ), enabling compari-
son with other studies. Pregnancy dating by early-preg-
nancy ultrasound enabled accurate estimation of risk of
preterm birth and calculation of birthweight for gesta-
tional age.

We acknowledge this study has some limitations. We
were unable to account for differences in individual test
results of the OGTT or subsequent blood glucose moni-
toring and management during pregnancy. Data were
also not available for neonatal hypoglycemia, an impor-
tant outcome. As this was a hospital-based study, we
cannot extrapolate the prevalence of GDM to the popu-
lation, although the rate observed is in keeping with that
from other studies in Viet Nam. Long-term effects on the
mother and baby were not collected. We were not able to
compare our results with previously published obesity risk
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definitions, as the number of women with BMI>32 kg/
m? in this study was very low (7=20). Whilst ideally we
would have liked to compare pre-pregnancy BMI, this
data was largely based on maternal recall. Since we had
objective measures from recruitment (early second tri-
mester) we chose to define BMI at this point. Our results
should therefore be interpreted with caution particularly
when comparing to studies where BMI was measured
pre-pregnancy. While women could change BMI category
between conception and 19-22 weeks, we believe that
the key message of this paper that those who are obese
women, and particularly obese women with GDM, are
at highest risk for adverse outcomes remains valid. The
relatively high reported rate of previous neonatal death
(5-8.7%) was also based on maternal self-report, thus we
cannot verify if there was misclassification with other
forms of loss (miscarriage, stillbirth, later child death).

Conclusions

Our findings support that BMI>27.5 kg/m?measured
between 19 and 22 weeks gestation can be used to risk-
stratify women with GDM. The study was conducted in
a resource limited setting, and thus identifying the high-
est risk group (i.e. women who are obese with GDM) is
important for clinical prioritization. For example, obese
women with GDM could be recommended more intense
antenatal surveillance, earlier GDM screening, or daily
blood glucose monitoring.

To our knowledge, our study is the first to specifically
study the individual and synergistic effects of GDM and
obesity in an Asian population using an Asian specific
BMI threshold for obesity. This is important for those
caring for women with GDM in SEA countries, as well
as those caring for expatriates living abroad. While there
may be physiological and metabolic heterogeneity among
Asian populations, it is an important step to quantify
perinatal risks with parameters relevant to an Asian pop-
ulation, as recommended by an WHO expert panel. As
such, we believe our study’s implications could extend
beyond women of Vietnamese ethnicity.

Before pregnancy, BMI is a potentially modifiable
factor, hence public health and preventative medicine
should be directed at helping women maintain their
weight in the healthy range. During pregnancy, BMI risk
stratification could be used to target more intensive glu-
cose monitoring or dietary support. GDM is a complex
condition, and not all women with GDM are at the same
risk of adverse outcomes. Evidence is needed to under-
stand the phenotypes of GDM in different populations.
We need to move towards offering personalised care
approaches in pregnancy that can also optimise the life-
long health of women and their children.

Page 10 of 11

Abbreviations

ACHOIS: Australian Carbohydrate Intolerance Study in Pregnant Women; BMI:
Body Mass Index; Cl: Confidence Intervals; CS: Caesarean section; GDM: Gesta-
tional Diabetes Mellitus; GDP: Gross Domestic Product; HAPO: Hyperglycaemia
and Adverse Pregnancy Outcome; HDP: Hypertensive Disorders of Pregnancy;
HELLP: Haemolysis, Elevated Liver Enzymes, and Low Platelets; IADPSG: Interna-
tional Association of Diabetes in Pregnancy Study Groups; LGA: Large for Gesta-
tional Age; NICU: Neonatal Intensive Care Unit; OGTT: Oral Glucose Tolerance Test;
OR: Odds Ratio; PBB: Preterm Birth Biomarkers; SD: Standard Deviation; SEA: South
East Asia/n; SGA: Small for Gestational Age; WHO: World Health Organisation.

Acknowledgements
Not applicable.

Authors’ contributions

SY planned and conducted statistical analyses, interpreted the patient data,
and was the major writer of the manuscript. JEH conceptualised the project,
supervised the planning, analysis, and manuscript write-up. VTKT, LPD, BTHN,
EK acquired the data, and VTKT, EK, DTT, LQT and JEH participated in critical
revision of the manuscript for important intellectual content. All authors read
and approved the final manuscript.

Funding

Dr. Hirst (the corresponding author) is supported by UKRI Future Leaders’
Fellowship. In addition, the PBB was generously supported by the Bill and
Melinda Gates Foundation. The funders had no role in the writing or interpre-
tation of this study.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was conducted in accordance with the Declaration of Helsinki, and
granted ethical approval by the Oxford Tropical Research Ethics Committee
(OXTREC reference: 28 — 16) and the Tu Du local ethics committee. Informed
consent was obtained from all participants for use of data for research purposes.
For women who could not read, the participant information sheet and consent
form were read to them and a witness was present throughout the entire
informed consent process to attest that all questions from the participant were
answered and the participant has agreed to take part in the research.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Nuffield Department of Women's & Reproductive Health, University of Oxford,
Oxford, UK. “The Oxford University Clinical Research Unit (QUCRU), Ho Chi
Minh City, Viet Nam. *Tu Du Hospital, Ho Chi Minh City, Viet Nam. “The George
Institute for Global Health, London, UK. *Nuffield Department of Women's &
Reproductive Health, John Radcliffe Hospital, OX3 9DU Oxford, UK.

Received: 2 August 2021 Accepted: 28 February 2022
Published online: 09 March 2022

References

1. Plows JF, Stanley JL, Baker PN, Reynolds CM, Vickers MH. The Pathophysi-
ology of Gestational Diabetes Mellitus. Int J Mol Sci. 2018;19(11). [cited
2020 Jun 9] Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6274679/

2. Griffith RJ, Alsweiler J, Moore AE, Brown S, Middleton P, Shepherd E, et al.
Interventions to prevent women from developing gestational diabetes
mellitus: an overview of Cochrane Reviews. Cochrane Database of


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6274679/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6274679/

Yue et al. BMC Pregnancy and Childbirth

20.

21.

22.

(2022) 22:195

Systematic Reviews. 2020;(6). [cited 2020 Aug 7] Available from: https://
www.cochranelibrary.com/cdsr/doi/https://doi.org/10.1002/14651858.
CD01239%4.pub3/full?highlightAbstract=gestat%?7Cdiabet%7Cdiabetes%
7Cgestational

Chen |, Opiyo N, Tavender E, Mortazhejri S, Rader T, Petkovic J, et al.
Non-clinical interventions for reducing unnecessary caesarean section.
Cochrane Database of Systematic Reviews. 2018;(9). [cited 2020 Jul 26]
Available from: https://www.cochranelibrary.com/cdsr/doi/https://doi.
0rg/10.1002/14651858.CD005528.pub3/full

Hartling L, Dryden DM, Guthrie A, Muise M, Vandermeer B, Donovan L.
Diagnostic thresholds for gestational diabetes and their impact on preg-
nancy outcomes: a systematic review. Diabet Med. 2014;31(3):319-31.
Wendland EM, Torloni MR, Falavigna M, Trujillo J, Dode MA, Campos MA,
et al. Gestational diabetes and pregnancy outcomes-a systematic review
of the World Health Organization (WHO) and the International Associa-
tion of Diabetes in Pregnancy Study Groups (IADPSG) diagnostic criteria.
BMC Pregnancy Childbirth. 2012;31:23.

Roeckner JT, Bennett S, Mitta M, Sanchez-Ramos L, Kaunitz AM. Preg-
nancy outcomes associated with an abnormal 50-g glucose screen
during pregnancy: a systematic review and Meta-analysis. J Matern Fetal
Neonatal Med. 2020;1-9.

HAPO Study Cooperative Research Group, Metzger BE, Lowe LP, Dyer AR,
Trimble ER, Chaovarindr U, et al. Hyperglycemia and adverse pregnancy
outcomes. N Engl J Med. 2008 May 8;358(19):1991-2002.

Hod M, Kapur A, Sacks DA, Hadar E, Agarwal M, Di Renzo GC, et al. The
International Federation of Gynecology and Obstetrics (FIGO) Initiative
on gestational diabetes mellitus: A pragmatic guide for diagnosis, man-
agement, and care. Int J Gynaecol Obstet. 2015;131 Suppl 3:5173-211.
Mclntyre HD, Catalano P, Zhang C, Desoye G, Mathiesen ER, Damm P.
Gestational diabetes mellitus. Nat Rev Dis Primers. 2019;5(1):47.

Hirst JE, Tran TS, Do MAT, Morris JM, Jeffery HE. Consequences of gesta-
tional diabetes in an urban hospital in Viet Nam: a prospective cohort
study. PLoS Med. 2012;9(7):21001272.

. Srichumchit S, Luewan S, Tongsong T. Outcomes of pregnancy with

gestational diabetes mellitus. Int J Gynaecol Obstet. 2015;131(3):251-4.
Nguyen CL, Lee AH, Minh Pham N, Hoang Nguyen PT, Ha AVV, Khac Chu
T, et al. Prevalence and pregnancy outcomes of gestational diabetes
mellitus by different international diagnostic criteria: a prospective cohort
study in Vietnam. J Matern Fetal Neonatal Med. 2019;7:1-7.

Roman AS, Rebarber A, Fox NS, Klauser CK, Istwan N, Rhea D, et al. The
effect of maternal obesity on pregnancy outcomes in women with
gestational diabetes. j Maternal-Fetal Neonatal Med. 2011;24(5):723-7.
Barba C, Cavalli-Sforza T, Cutter J, Darnton-Hill I, Deurenberg P, Deuren-
berg-Yap M, et al. Appropriate body-mass index for Asian populations
and its implications for policy and intervention strategies. Lancet (British
edition). 2004;363(9403):157-63.

Mortality rate, infant (per 1,000 live births) - Vietnam | Data [Internet].
[cited 2020 Aug 5]. Available from: https://data.worldbank.org/indicator/
SPDYN.IMRT.IN?locations=VN

Bennett WL, Robinson KA, Saldanha IJ, Wilson LM, Nicholson WK. High Pri-
ority Research Needs for Gestational Diabetes Mellitus. J Womens Health
(Larchmt). 2012;21(9):925-32.

Villar J, Ismail LC, Victora CG, Ohuma EO, Bertino E, Altman DG, et al. Inter-
national standards for newborn weight, length, and head circumference
by gestational age and sex: the Newborn Cross-Sectional Study of the
INTERGROWTH-21st Project. Lancet. 2014;6(9946):857-68.

Crowther CA, Hiller JE, Moss JR, McPhee AJ, Jeffries WS, Robinson JS.
Effect of Treatment of Gestational Diabetes Mellitus on Pregnancy Out-
comes. New England J Med. 2005;352(24):2477-86.

VanderWeele TJ, Ding P. Sensitivity Analysis in Observational Research:
Introducing the E-Value. Ann Intern Med. 2017;15(4):268-74.

Catalano PM, Mclntyre HD, Cruickshank JK, McCance DR, Dyer AR,
Metzger BE, et al. The Hyperglycemia and Adverse Pregnancy Outcome
Study. Diabetes Care. 2012;35(4):780-6.

Caleyachetty R, Barber TM, Mohammed NI, Cappuccio FP, Hardy R,
Mathur R, et al. Ethnicity-specific BMI cutoffs for obesity based on type 2
diabetes risk in England: a population-based cohort study. Lancet Diabe-
tes Endocrinol. 2021;9(7):419-26.

Deurenberg P, Deurenberg-Yap M, Guricci S. Asians are different from
Caucasians and from each other in their body mass index/body fat per
cent relationship. Obes Rev. 2002;3(3):141-6.

23.

24.

Page 11 of 11

Lim U, Ernst T, Buchthal SD, Latch M, Albright CL, Wilkens LR, et al. Asian
women have greater abdominal and visceral adiposity than Caucasian
women with similar body mass index. Nutr Diabetes. 2011;1(5):e6-e6.
Ho-Pham LT, Lai TQ, Nguyen MTT, Nguyen TV. Relationship between Body
Mass Index and Percent Body Fat in Vietnamese: Implications for the
Diagnosis of Obesity. PLOS ONE. 2015;27(5):e0127198.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.cochranelibrary.com/cdsr/doi/
https://www.cochranelibrary.com/cdsr/doi/
https://doi.org/10.1002/14651858.CD012394.pub3/full?highlightAbstract=gestat%7Cdiabet%7Cdiabetes%7Cgestational
https://doi.org/10.1002/14651858.CD012394.pub3/full?highlightAbstract=gestat%7Cdiabet%7Cdiabetes%7Cgestational
https://doi.org/10.1002/14651858.CD012394.pub3/full?highlightAbstract=gestat%7Cdiabet%7Cdiabetes%7Cgestational
https://www.cochranelibrary.com/cdsr/doi/
https://doi.org/10.1002/14651858.CD005528.pub3/full
https://doi.org/10.1002/14651858.CD005528.pub3/full
https://data.worldbank.org/indicator/SP.DYN.IMRT.IN?locations=VN
https://data.worldbank.org/indicator/SP.DYN.IMRT.IN?locations=VN

	Clinical consequences of gestational diabetes mellitus and maternal obesity as defined by asian BMI thresholds in Viet Nam: a prospective, hospital-based, cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Synopsis
	Background
	Methods
	Results
	Cohort characteristics
	Maternal outcomes
	Neonatal outcomes
	Relationship between obesity, GDM and adverse outcomes

	Discussion
	Conclusions
	Acknowledgements
	References


