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OBJECTIVE

Conventional gestational diabetes mellitus (GDM) management focuses on man-
aging blood glucose in order to prevent adverse outcomes. We hypothesized that
excessive weight gain at first presentation with GDM (excessive gestational weight
gain [EGWG]) and continued EGWG (cEGWG) after commencing GDMmanagement
would increase the risk of adverse outcomes, despite treatment to optimize
glycemia.

RESEARCH DESIGN AND METHODS

Data collected prospectively from pregnant women with GDM at a single institution
were analyzed. GDM was diagnosed on the basis of Australasian Diabetes in
Pregnancy Society 1998 guidelines (1992–2015). EGWG means having exceeded
the upper limit of the Institute of Medicine–recommended target ranges for the
entire pregnancy, by GDM presentation. The relationship between EGWG and
antenatal 75-g oral glucose tolerance test (oGTT) values and adverse outcomes
was evaluated. Relationships were examined between cEGWG, insulin require-
ments, and large-for-gestational-age (LGA) infants.

RESULTS

Of 3,281 pregnant women, 776 (23.6%) had EGWG.Womenwith EGWG had higher
mean fasting plasma glucose (FPG) on oGTT (5.2 mmol/L [95% CI 5.1–5.3] vs.
5.0 mmol/L [95% CI 4.9–5.0]; P < 0.01), after adjusting for confounders, and more
often received insulin therapy (47.0% vs. 33.6%; P < 0.0001), with an adjusted odds
ratio (aOR) of 1.4 (95% CI 1.1–1.7; P < 0.01). aORs for each 2-kg increment of cEGWG
were a 1.3-fold higher use of insulin therapy (95% CI 1.1–1.5; P < 0.001), an 8-unit
increase in final daily insulin dose (95% CI 5.4–11.0; P < 0.0001), and a 1.4-fold
increase in the rate of delivery of LGA infants (95% CI 1.2–1.7; P < 0.0001).

CONCLUSIONS

The absence of EGWG and restricting cEGWG in GDM have a mitigating effect on
oGTT-based FPG, the risk of having an LGA infant, and insulin requirements.

The traditional approach to gestational diabetesmellitus (GDM)management largely
focuses on monitoring and treating maternal hyperglycemia. This practice is
supported by evidence of fewer adverse maternal and neonatal outcomes with
improved glycemic control during pregnancy (1,2). Medical nutrition therapy (MNT)
is first-line treatment, and insulin is commenced if MNT is not sufficient to achieve
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glycemic targets. However, some studies
have shown that women treated with
insulindonothave lower ratesof adverse
pregnancy outcomes than women trea-
ted with MNT (3,4). Although this may
be due to differences in prepregnancy
BMI, maternal glycemia, or both (3), it
is also possible that other clinical non-
glycemic variables may contribute. Ex-
cessive weight gain before the GDM
diagnosis and throughout pregnancy
may drive the increasing insulin resis-
tance and further exacerbate maternal
hyperglycemia (2,3). Greater fat deposi-
tion may reduce the capacity to com-
pensate for the physiological increases
in insulin resistance that occur during
pregnancy (5). A meta-analysis of over
1 million pregnant women found that
gestational weight gain was higher than
that specified in Institute of Medicine
(IOM) guidelines (6) in 47% of pregnan-
cies (7). Some studies have found that
women who have GDM and are obese
before pregnancy are evenmore likely to
exceed these targets (8,9). Cundy and
Holt (10) reported that “it is often under-
recognized that the morbidities attrib-
uted to GDMare also strongly associated
with maternal obesity and excessive ges-
tationalweight gain.”However, evidence
is limited on whether preventing exces-
sive weight gain before and during GDM
management results in improved mater-
nal and neonatal outcomes.
In light of this gap in evidence and the

rising global rates of GDM, maternal
overweight and obesity, and excessive
maternalweight gain, research is needed
assessing both the impact of excessive
gestational weight gain (EGWG) before
GDM diagnosis and EGWG that continues
during GDM management (cEGWG).
Therefore, the aim of this study was,

first, to determine whether women who
were diagnosed with GDM and had
EGWG at GDM presentation also had
higher rates of adverse outcomes (ma-
ternal and neonatal) and higher glucose
levels per an antenatal 75-g oral glucose
tolerance test (oGTT). EGWG in this study
was defined as exceeding the upper
limit of an IOM-recommended maternal
weight gain target range for the entire
pregnancy (6) (based on self-reported
prepregnancy weight) by the time of the
first presentation to the Diabetes Centre
for GDM management. For example, if a
patient with a prepregnancy BMI of
28 kg/m2

first presented to the Diabetes

Centre at 30 weeks’ gestation having
already gained 14 kg, she would be
categorized as having EGWG, as the
weight gain exceeds the advised maxi-
mum weight gain of 11.6 kg for the entire
pregnancy for a women with a prepreg-
nancy BMI in the overweight category
(25.0–29.9 kg/m2).

The second aim was to investigate
whether cEGWG in women with EGWG
was associated with the most pertinent
outcomes identified from the first aim:
greater likelihood of initiating insulin, a
larger mean insulin dose, and having an
infant that is large for gestational age
(LGA). cEGWG was measured from the
first presentation to the Diabetes Centre
in order to commence GDM manage-
ment to the last recorded weight (within
4 weeks of delivery).

RESEARCH DESIGN AND METHODS

The study population comprised women
with GDM managed at the Bankstown-
Lidcombe Hospital Diabetes Centre.
Women were diagnosed according to
the Australasian Diabetes in Pregnancy
Society 1998 guidelines (11), which have
been in use since 1991 (12). These guide-
lines were fasting plasma glucose (FPG)
$5.5mmol/L ($99mg/dL), 2-h postload
glucose $8.0 mmol/L ($144 mg/dL)
on a 75-g oGTT), or both. A 1-h postload
value$10.0mmol/L ($18mg/dL) on the
oGTT was also considered diagnostic for
GDM from 2010 onward.

The data analyzed in this study were
clinical data collected prospectively as
part of routine care for all pregnant
women with GDM (1992–2015). The Di-
abetes Centre at Bankstown-Lidcombe
Hospital is situated in a metropolitan
region in Sydney, New South Wales
(NSW), characterized by ethnic diver-
sity; a significant proportion of the
women with GDM within the clinic pop-
ulationhaveMiddleEastern (26.1%), East
and Southeast Asian (35.2%), and South
Asian (12.5%) backgrounds.

Clinical care of women with GDM in-
cluded provision of initial education
(group or individual) by a dietitian and
diabetes educator. This usually occurred
between 26 and 28 weeks’ gestation but
could take place at any time during the
pregnancy. Height was measured with a
stadiometer (KaWewall-mounted height
measure, model 44440; Medical World
Ltd, West Bromwich, U.K.), and prepreg-
nancy weight was self-reported at the

initial education session. Weight was
measured at every visit (BWB-600 Digital
Patient Medical Scale; Tanita, Tokyo,
Japan). After receiving the initial educa-
tion, for the remainder of the pregnancy
women were managed in a multidisci-
plinary GDM clinic, where their case was
reviewed by a diabetes educator and
endocrinologist at 1- to 2-week intervals.
Each woman received a minimum of one
individual dietary review fromadietitian.
Blood glucose levels were reviewed at
each visit, and insulin therapy com-
menced and was titrated when MNT
did not achieve glycemic targets (,5.5
mmol/L [99 mg/dL] fasting glucose and
,7.0 mmol/L [126 mg/dL] 2-h postpran-
dial glucose) (11). Three or more blood
glucose levels above the target at a given
time of day over 7 days, after consider-
ation of dietary factors, indicated a need
for insulin therapy. The insulins used
were the intermediate-acting human
NPH insulin protaphane and the rapid-
acting analogs insulin aspart (NovoRapid;
Novo Nordisk, Baulkham Hills, NSW,
Australia) and insulin lispro (Humalog; Eli
Lilly, West Ryde, NSW, Australia). Met-
formin was not used.

Postpartum (8–12 weeks) 75-g oGTT
results were assessed by using the fol-
lowing criteria: impaired fasting glycemia
was defined as fasting glucose 6.1–
6.9 mmol/L (109–125 mg/dL); impaired
glucose tolerance was defined as 7.8–
11.0mmol/L 2 h after a 75-g glucose load
(140–199 mg/dL); type 2 diabetes was
defined as fasting glucose $7.0 mmol/L
(126 mg/dL), glucose $11.1 mmol/L
(200 mg/dL) 2 h after a 75-g oGTT, or
both.

The primary outcome of the studywas
the need for insulin therapy. Insulin
therapy was selected as a primary out-
come because of the health care resource
implications of initiating and titrating
insulin, and because of the significantly
higher stress and anxiety levels reported
in women treated with insulin than in
those treated only bymanaging diet (13).

Gestational age was initially deter-
mined from the date of the last menstrual
period. However, if an ultrasound indi-
cated a different gestational age, the
estimated date of confinement and the
gestational age were amended.

The inclusion criterion for aim 1 of this
study was a diagnosis of GDM. Exclusion
criteria included 1) the last record of
maternal weight dated.4 weeks before
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delivery, 2) incomplete weight gain data,
and 3) nonsingleton pregnancies.
The inclusion criterion for aim 2

was weight gain exceeding the IOM-
recommended ranges (according to pre-
pregnancy BMI) at GDM presentation
(EGWG): $18.1 kg for women with a
BMI #18.5 kg/m2; $16.1 kg for those
with a BMI of 18.5–24.9 kg/m2;$11.6 kg
for those with a BMI of 25.0–29.9 kg/m2;
or $9.1 kg for women with a BMI
$30.0 kg/m2. Exclusion criteria were
1) the last record of maternal weight
dated .4 weeks before delivery, 2) in-
complete weight gain data, 3) nonsin-
gleton pregnancies, and 4) no EGWG at
presentation.
Neonates were categorized on the

basis of their birth weight as LGA
(.90th percentile) or small for gesta-
tional age (SGA) (,10th percentile) by
referencing the customized percentile
charts described by Gardosi and Francis
(14). These charts adjusted for gesta-
tional age, infant sex, maternal height,
self-reported maternal prepregnancy
weight, parity, and ethnicity.
To determine whether EGWG at

GDM presentation impacted clinical out-
comes, odds ratios (ORs) were calculated
for risk of the following outcomes: insulin
therapy, early delivery, LGA infant, SGA
infant, cesarean delivery, neonatal hy-
poglycemia, neonatal shoulder dystocia,
neonatal jaundice, and maternal abnor-
mal glucose tolerance postpartum. The
reference group comprised women who
did not have EGWG at GDM presenta-
tion. Backward stepwise logistic regres-
sion analysis was conducted in order to
calculate an adjusted OR (aOR) for each
of these adverse outcomes, adjusting for
biologically plausible confounders. Po-
tential confounders included in univari-
ate analyses were 75-g oGTT FPG and
2-h postload glucose values, HbA1c at
GDM diagnosis, gestational age at di-
agnosis, gravida, parity, ethnicity (Mid-
dle Eastern, European, East/Southeast
Asian, South Asian), and vitamin D.
Predictors of insulin therapy were then
entered into a logistic regression model.
The following confounders were found
to be independent predictors in the lo-
gistic regression analysis and hence
were used to calculate aOR: 75-g oGTT
FPG; HbA1c at GDM diagnosis; gesta-
tional age at diagnosis; parity; and
Middle Eastern, European, and South-
east Asian ethnicities. The associated

95% CIs were calculated for each OR
and aOR.

Patient characteristics and therapeu-
tic, maternal, and neonatal outcomes
were compared between study groups
(women with EGWG vs. those with no
EGWG at GDM presentation) by using
the independent samples t test for
continuous data and the Pearson x2

test for categorical data. The Fisher-
Freeman-Halton exact test was used
to assess differences in ethnicity. Statis-
tical significance was represented by a
P value ,0.05.

An independent samples t test was
used to determine whether 75-g oGTT
FPG values differed between study
groups (women with EGWG vs. those
with no EGWG at GDM presentation);
this difference was adjusted for in the
multivariable analysis by using ANCOVA.
In order to calculate adjusted mean 75-g
oGTT FPG values, potential confounders
were included in univariate analyses.
These were the 2-h postload glucose
value, HbA1c at GDM diagnosis, gesta-
tional age at diagnosis, gravida, parity,
ethnicity (Middle Eastern, European,
East/Southeast Asian, South Asian),
and vitamin D. Independent predictors
of mean 75-g oGTT FPG values were then
included in the ANCOVA. Backward se-
lection was used to determine the final
model.

cEGWG in women with EGWG was
assessed incrementally: 0.1–2.0, 2.1–
4.0, 4.1–6.0, 6.1–8.0, and .8.0 kg.
Women who stopped gaining weight
were used as the reference group (#0
kg). Two-kilogram increments were cho-
sen for practical reasons, as smaller
weight changes would be more influ-
enced by factors such as clothing and
hydration, rather than changes in adi-
posity. The reference group (category
1,#0 kg) was chosen to assess whether
advising women with EGWG to avoid or
minimize further weight gain while man-
aging GDM could reduce adverse out-
comes and the likelihood of requiring
insulin therapy. cEGWG was measured
from first presentation at the Diabetes
Centre (to commence GDM manage-
ment) to the last recordedweight (within
4 weeks of delivery).

Logistic regression analyses were per-
formed to determine whether cEGWG
was an independent predictor of insulin
therapy. Factors considered in the uni-
variate analysis were age, FPG and 2-h

postload values on the 75-g oGTT, ges-
tational age at GDM diagnosis, HbA1c at
GDM diagnosis, gravida, parity, vitamin D
status, and the four main ethnicities in
this cohort (Middle Eastern, European,
East/Southeast Asian, South Asian). Var-
iables found to be significant predictors
of receipt of insulin therapy in the uni-
variate analysis (P , 0.05) were initially
included in the model. The final model
was created by using the backward step-
wise selection method.

Further analysis through ANCOVAwas
also conducted to determine whether
cEGWGwas an independent predictor of
final daily insulin dose. Final insulin dose
was defined as the total units per day as
of the final clinic visit before delivery
(within 4 weeks of delivery, per inclusion
criteria for aim 2).

As the primary outcome of this study
was insulin treatment, the independent
predictors for risk of requiring insulin
therapy in the multivariable analysis
were used to adjust for the risk of the
infant being LGA and the impact on final
daily insulin dose.

SPSS Statistics software (version 22.0;
IBM, Chicago, IL) was used for all data
analyses. Ethical approval for this study
was given by the South Western Sydney
Local Health District Research and Ethics
Committee.

RESULTS

Of 3,343 pregnancies, 3,281 were in
womenwith GDMwhomet the inclusion
criterion for aim 1. A total of 776 women
(23.6%) had EGWGdthat is, they already
exceeded the IOM-recommended ma-
ternal weight gain targets for the entire
pregnancy at first presentation with
GDM (mean 6 SD 27.7 6 4.2 weeks’
gestation)dand met the inclusion crite-
rion for aim 2.

Outcomes: Presence Versus Absence
of EGWG at First Presentation With
GDM
The oGTTs were performed at a median
of 28.0weeks’ gestation (interquartile range,
26–30 weeks) for pregnant women
withEGWGand27.0weeks (interquartile
range, 22–29 weeks) for those with no
EGWG (P 5 0.201). Women with EGWG
before GDM diagnosis had a clinically
and statistically significantly higher FPG
than women without EGWG when pre-
senting for the 75-g oGTTd5.4 6
0.8 mmol/L (97.0 6 14.4 mg/dL) vs.
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5.0 6 0.7 mmol/L (90.0 6 13.0 mg/dL)
(P , 0.0001)dbut a significantly lower
2-h postload value (8.6 6 1.7 mmol/L
[155 6 31 mg/dL] vs. 8.7 6 1.4 mmol/L
[157 6 25 mg/dL]) (P , 0.01). In the
ANCOVA, after adjusting for confound-
ers (HbA1c at GDM diagnosis [P ,
0.0001]; vitamin D [P , 0.0001]; and
Middle Eastern [P , 0.0001], European
[P, 0.0001], and Southeast Asian [P,
0.0001] ethnicities), FPG remained sig-
nificantly higher: 5.2 mmol/L (95% CI 5.1–
5.3) (94 md/dL [95% CI 92–95]) versus
5.0 mmol/L (95% CI 4.9–5.0) (90.0 mg/dL
[95% CI 88–90]) (P, 0.01). There was no
difference in the 2-h postload value.
Table 1 summarizes the characteristics

of women with EGWG at presentation to
the Diabetes Centre and of those who did
not have EGWG. Those with EGWG had
significantly higher prepregnancy BMI,
older gestational age at diagnosis, higher
FPG on the oGTT, and higher HbA1c at
GDM presentation.
Women with EGWG at GDM presen-

tation delivered at 39.0 6 1.2 weeks’
gestation; those with no EGWG at
GDM presentation delivered at 39.0 6
1.3 weeks (P 5 0.566). A 75-g oGTT was
completed at a mean 6 SD of 9.4 6
2.1 weeks postpartum among women
with EGWG at presentation with GDM
(n 5 395) and at 9.6 6 2.6 weeks post-
partum for women with no EGWG at
presentation with GDM (n 5 1,524)
(P 5 0.201).

As shown in Table 2, insulin therapy
and adverse maternal and neonatal out-
comes (including LGA, SGA, cesarean
delivery, and neonatal hypoglycemia)
occurred significantly more frequently
among women with EGWG. However,
once we adjusted for confounders, only
the relationships between EGWG and
insulin use, LGA, SGA, and cesarean de-
livery remained significant.

Outcomes from cEGWG During GDM
Management
Figure 1 displays the linear relationship
between the percentage of women re-
quiring insulin and incremental cEGWG
during GDM treatment. Women who
gained no weight or who lost weight
during GDM management formed the
reference group (mean 6 SD weight
change was 21.9 6 1.7 kg). A total of
204womenwere in the reference group,
and so, by definition, all lost weight
($0.1 kg; range 0.1–9.7 kg). A total of
120 women were defined as having
clinically significant weight loss of $1
kg (considering they were weighed while
wearing clothing and shoes). However,
the majority of women in the reference
group (n5 137; 67%) lost#2 kg, and only
10 women lost what could be perceived
as a large amount of weight ($4.0 kg).

In assessing the relationship between
cEGWG and commencement of insulin
therapy in the univariate analysis, ma-
ternal age, FPG, 2-h postload glucose

value (on a 75-g oGTT), HbA1c and ges-
tational age at GDM diagnosis, gravida,
parity, cEGWG, and (only) East/Southeast
Asian ethnicity were significantly associ-
ated with insulin therapy (all P , 0.05).
When entered into a logistic regression
model (backward stepwise method),
age (P , 0.011), gestational age at
GDM diagnosis (P , 0.0001), FPG on
oGTT (P , 0.0001), HbA1c at GDM di-
agnosis (P , 0.0001), and cEGWG (P ,
0.0001) were independent predictors of
insulin therapy, whereas 2-h postload
glucose, gravida, parity, and East/
Southeast Asian ethnicity were no longer
significant.

For every increase in cEGWG cate-
gory (0.1–2.0, 2.1–4.0, 4.1–6.0, 6.1–
8.0, .8.0 kg), there was a 1.39-fold
increase in the likelihood of requiring
insulin therapy (95% CI 1.24–1.56; P ,
0.0001). After adjustment for the inde-
pendent predictors in the logistic regres-
sion analysis (age, gestational age at
diagnosis, FPG value on a 75-g oGTT,
HbA1c at GDM diagnosis), this was slightly
attenuated to a 1.32-fold increase in
the likelihood of insulin therapy (95% CI
1.14–1.53; P , 0.001) for each increase
in cEGWG category.

Further, on univariate analysis, for
every increase in cEGWG category, there
was a 1.36-fold increase in the likelihood
of an infant being LGA (95% CI 1.20–1.54
units; P , 0.0001). On multivariable
logistic regression analysis (again after

Table 1—Baseline characteristics of women with and those without EGWG at presentation for GDM management (N 5 3,281)

Patient characteristics
EGWG at presentation

(n 5 776)
No EGWG at presentation

(n 5 2,505) P value*

Age (years) 31.8 6 5.6 32.3 6 5.3

Gravida 3.2 6 2.1 2.9 6 1.8 ,0.0001

Parity 1.6 6 1.7 1.3 6 1.4 ,0.0001

Gestational age at diagnosis (weeks) 27.7 6 4.2 25.2 6 6.0 ,0.0001

Prepregnancy BMI (kg/m2) 29.2 6 6.0 25.4 6 6.3 ,0.0001

Weight gain up to presentation (kg) 16.3 6 5.0 7.7 6 4.2 0.0001

Total maternal weight gained during gestation (kg) 18.0 6 5.8 10.3 6 4.7 0.0001

Ethnicity ,0.0001
Middle Eastern 310 (39.9) 546 (21.8)
European 232 (29.9) 475 (19.0)
East/Southeast Asian 99 (12.8) 1,055 (42.1)
South Asian 71 (9.1) 338 (13.5)
Other 64 (8.2) 91 (3.7)

FPG on oGTT (mmol/L [mg/dL]) 5.4 6 0.8 [97.2 6 14.4] 5.0 6 0.7 [90.0 6 12.6] ,0.0001

2-h plasma glucose on oGTT (mmol/L [mg/dL]) 8.6 6 1.7 [154.8 6 30.6] 8.7 6 1.4 [156.6 6 25.2] ,0.010

HbA1c at GDM diagnosis (% [mmol/mol]) 5.5 6 0.7 [37.0 6 7.7] 5.2 6 0.5 [33.0 6 5.5] ,0.0001

Data are n (%) or mean 6 SD. *EGWG vs. no EGWG at presentation.
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adjustment for maternal age, FPG on a
75-g oGTT, gestational age at GDM di-
agnosis, gravida, and HbA1c at GDM di-
agnosis), for every increase in cEGWG
category there was a 1.44-fold increase
in the likelihood of an infant being born
LGA (95% CI 1.24–1.68 units; P, 0.0001).
In terms of insulin dose, for every

increase in cEGWG category there was
an 11-unit increase in the final daily
insulin dose (95% CI 8–15 units; P ,
0.0001). This remained significant in the
multivariable analysis (ANCOVA) after

adjustment for the aforementioned
confounders: for every increase inweight
gain category there was an 8-unit in-
crease in the final daily insulin dose (95%
CI 5–11 units; P , 0.0001).

There was no significant difference in
the rate of infants being SGA between the
reference group (women who gained no
weight or who lost weight during GDM
management; 7.0%) and the women
who had cEGWG during GDM treatment
(4.6%; P 5 0.192). There were also no
significant differences in rates of infants

being SGA across all increments of weight
gain during GDM management (95% CI
0.8–1.0; P 5 0.124).

CONCLUSIONS

This study of prospectively collected
clinical data from3,281 pregnantwomen
with GDM from the Bankstown-Lidcombe
Hospital Diabetes Centre identified strong
associations between maternal weight
gain and a number of clinically important
outcomes including higher insulin re-
quirements and the likelihood of de-
livering an LGA infant.

The percentage of women who ex-
ceeded the upper limit of the IOMweight
gain targets for the entire pregnancy by
the first presentation for GDM manage-
ment was high at 23.6%. This study is
consistent with a systematic review of
23 studies (7), which found that women
withEGWGhada significantly higher rate
of cesarean delivery, infant birth weight,
and rate of delivering an LGA infant. In
this study, these higher values occurred
despite treatment of hyperglycemia. Al-
though some weight gain during preg-
nancy is physiological (15), excessive
weight gain leads to the deposition of
more fatmass in themother. This greater
adiposity is likely to exacerbate insulin
resistance as pregnancy progresses, and
it may explain many of the associations
found in this study. Few women achieve
current IOM targets (8–10). However, a
recent U.S. study found that only 26.3%
of women received advice on gestational

Table 2—Therapeutic and neonatal outcomes in women with and those without EGWG at presentation for GDMmanagement
(N 5 3,281)

Outcomes
EGWG at presentation
(n 5 776 [23.2%])

No EGWG at presentation
(n 5 2,505 [74.9%]) Unadjusted OR (95% CI) aOR (95% CI)

Therapeutic outcome
Insulin use 365/776 (47.0) 842/2,505 (33.6)‡ 1.754‡ (1.489–2.066) 1.393* (1.132–1.715)

Neonatal outcomes
LGA infants 169/776 (21.8) 283/2,505 (11.3)‡ 2.186‡ (1.771–2.699) 1.645‡ (1.281–2.112)
SGA infant 41/776 (5.3) 215/2,505 (8.6%)‡ 0.588* (0.417–0.830) 0.503* (0.369–0.810)
Cesarean delivery 245/772 (31.7) 627/2,501 (25.1)† 1.389† (1.165–1.658) 1.556† (1.206–1.921)
Neonatal hypoglycemia 65/679 (9.6) 133/2,275 (5.8)† 1.705† (1.251–2.324) 1.137 (0.776–1.664)
Shoulder dystocia 5/679 (0.7) 13/2,275 (0.6) 1.291 (0.459–3.634) 2.010 (0.521–7.755)
Jaundice 61/679 (9.0) 242/2,275 (10.6) 0.829 (0.617–1.114) 0.812 (0.73–1.149)
Early delivery 31/776 (4.0) 109/2,502 (4.4) 0.914 (0.608–1.373) 1.096 (0.663–1.813)
Abnormal glucose tolerance

postpartum 98/393 (24.9) 428/1,523 (28.1) 0.850 (0.659–1.096) 0.934 (0.686–1.274)

Data are n/N (%). aORs were adjusted for confounders. Complete data were not available for some variables (N). The following confounders were
included in univariate analysis: gravida, parity, gestational age at diagnosis, FPG and 2-h postload glucose based on 75-g oGTT, HbA1c at GDMdiagnosis,
ethnicity (Middle Eastern, European, East/Southeast Asian, South Asian), and vitamin D. In the final model, the following confounders remained
significant independentpredictorsand thereforewereused tocalculateaOR:gravida; gestational ageatdiagnosis; FPGper the75-goGTT;HbA1c atGDM
diagnosis; parity; and Middle Eastern, European, and Southeast Asian ethnicities. *P, 0.01, †P, 0.001, and ‡P, 0.0001, all EGWG vs. no EGWG at
presentation.

Figure 1—Women with GDM who required insulin, based on the amount of cEGWG. The values
above each bar are the specific n (%). *NS, †P, 0.05, ‡P, 0.01, §P, 0.001, and |P, 0.0001, all
vs. #0 kg cEGWG (reference group).
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weight gain according to IOM guide-
lines (16). There seems to be a lack of
targeted and tailored maternal weight
management interventions of appropri-
ate intensity.
There were significant differences in

rates of EGWG between ethnic groups
(Table 1). Women from European and
Middle Eastern backgrounds were more
likely to have EGWG than were women
of South and East/Southeast Asian back-
grounds. These findings are consistent
with those from a systematic review of
23 studies that found significant differ-
ences in rates of EGWG between ethnic
groups (17). However, evidence seems
to be limited regarding the contributing
factors. Multifactorial causes likely in-
clude differences in socioeconomic char-
acteristics, genetics, and cultural food
practices.
With the introduction of the Interna-

tional Association of the Diabetes and
Pregnancy Study Groups’ diagnostic
FPG value ($5.1 mmol/L [92 mg/dL])
(18), the finding of a relationship be-
tween significantly higher FPG on an
oGTT and EGWG found in our study is
clinically important. Although the rela-
tionship between EGWG and risk of GDM
has been well documented (19–22), few
studies have investigated the relation-
ship between EGWG and specific oGTT
values, as has been done in this study.
These findings are consistent with those
of one recently published study including
451 participants, which also found an
association between EGWG and higher
FPG on an oGTT (23). Unfortunately,
most randomized controlled trials to
date havehad limited success in reducing
EGWG (24,25) and the development of
GDM (25,26). Further studies focusing
on reducing or preventing early EGWG
are still warranted, as this study suggests
that pregnancy outcomes could be im-
proved even if GDM still occurs.
Although the reason for the higher

FPG value in those with EGWG is
unknown, a plausible explanation can
be drawn from the shared associations
between type 2 diabetes, obesity, and
GDM. Impaired fasting glycemia may be
related to hepatic insulin resistance (27),
to which adiposity seems to contribute
significantly (27). Consequently, theeffect
of insulin on hepatic glucose output may
be dampened in the fasting state (28,29).
In this study, for every additional 2 kg

of excessive weight gained during GDM

management, there was a 32% greater
likelihood of insulin being initiated, after
adjustment for confounders. Few studies
have investigated the impact of cEGWG
within GDM management on the need
for insulin, medication, or both in addi-
tion to MNT. Further, to our knowledge,
no other study has assessed the im-
pact of cEGWG incrementally as we
have done here. However, several recent
studies have found a positive relationship
between EGWG (based on differing cri-
teria) and worsening glycemic control,
higher medication/insulin use, or both
(23,26,30).

This study found that for every addi-
tional 2 kg gained, there was a 44%
increased likelihood of having an LGA
infant. This strong relationship occurred
despite intensive monitoring and man-
agement of blood glucose levels in order
to achieve treatment targets. The link
between total excessivematernalweight
gain and risk of delivering an LGA infant
has been well researched (31–35). How-
ever, the impact of cEGWG specifically
during GDM management is less well
understood. EGWG during GDM man-
agement may increase fetal growth be-
cause of an associated increase in the
amounts of circulating free fatty acids
and triglycerides in the mother (36–38).

Clinicians may be concerned about
recommending the avoidance of weight
gain during GDM management (when
IOM targets have already been ex-
ceeded) for fear of increasing the rate
of delivery of SGA infants. However, the
rate of delivery of SGA infants was not
significantly higher among those who
either lost or maintained weight during
GDM management than among those
with cEGWG (7.0% vs. 4.6%; P5 0.192).
Further, rates of having an SGA infant
among all the groups in this study were
below the expected background risk of
10% (14). However, it would be prudent
to promote consumption of a healthy,
balanced diet that meets the nutritional
requirements of pregnancy in conjunc-
tion with providing any gestational
weight gain advice and support.

This study has a number of strengths.
To our knowledge, it is the first analysis
to investigate the impact of early EGWG
before GDM diagnosis and of cEGWG
during GDM treatment, which involved
the same diagnostic criteria and treat-
ment targets through the data collection
period. Second, this single-center study

had the same leading clinician (J.R.F.) and
used the same standardized protocols
throughout the data collection period,
thereby minimizing clinical variation. Fi-
nally, the sample size is large.

This study also has a number of lim-
itations. The findings may not be gener-
alizable to all women with GDM, as this
is a cohort of women with various eth-
nic backgrounds, significant socioeco-
nomic disadvantage, and a high rate
of GDM. However, given that GDM is
now prevalent worldwide, the range of
high-risk ethnic groups represented in
this studymaymake these findings more
transferable to a significant proportion of
high-risk ethnic groups. Further, the four
main ethnic groups represented in our
populationwere entered into the logistic
regression model in order to determine
independent predictors of insulin ther-
apy. None of the ethnicities confounded
the associations found between cEGWG
and the likelihood of requiring insulin
therapy. Another limitation is the lack of
neonatal intensive care data. In addition,
the retrospective, observational study
design carries several limitations includ-
ing being unable to attribute causality.
Although maternal weight gain was as-
sociated with greater insulin require-
ments, the former may not be causal,
particularly given the weight gain–inducing
properties of insulin therapy. Also, the
possibility of residual confounding can-
not be completely excluded and could
have influenced the associations we ob-
served.However, the sample size is large,
and a number of confounders (including
maternal age, gestational age at GDM
diagnosis, FPG on the 75-g oGTT, eth-
nicity, and HbA1c at presentation to the
Diabetes Centre) were taken into ac-
count in the analysis.

In conclusion, a positive clinical mes-
sage can be taken from our findings. In
those who have already exceeded IOM
weight gain targets by the time they
present with GDM, these results suggest
that the “windowofopportunity”hasnot
passed to intervene positively by pre-
venting cEGWG during GDM manage-
ment. Further, the strengths of the
associations observed here suggest a
need to provide stronger support for
women to achieve healthy maternal
weight gain (6) both before and during
GDM management, as doing so may have
multiple potential benefits. Reducing
EGWG may reduce the risk of GDM by
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lowering the FPG value on a 75-g oGTT
and may decrease insulin requirements
and adverse pregnancy outcomes in
women with GDM. Reducing both
EGWG and cEGWG could reduce rates
of delivering LGA infants and the asso-
ciated complications, as well as related
health care expenses. Further, given that
commencing and titrating insulin are
both costly in terms of time and resour-
ces, there is also the potential to con-
serve clinical time and health care
expenditure with lower insulin require-
ments. Weight management during
GDM treatment could also reduce post-
partum BMIda significant benefit in
these women, who are at high risk of
GDMrecurrence (39) and type 2diabetes
(40). All these potential benefits need to
be more definitively investigated in well-
designed and adequately powered ran-
domized controlled trials.
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