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ABSTRACT
Aims/Introduction: Women with excessive gestational weight gain (GWG) are at a
higher risk for complications during pregnancy, such as preeclampsia. However, the associ-
ation between excessive GWG and gestational diabetes mellitus (GDM) remains unclear.
Materials and Methods: We retrospectively reviewed 8,352 women from our obstetric
database with singleton pregnancies who gave birth after 28 completed weeks of gesta-
tion between January 1, 2012, and December 31, 2016, excluding pregnancies compli-
cated by fetal anomalies, fetal death, and overt diabetes. Diagnosis of GDM was based on
the criteria recommended by the International Association of Diabetes and Pregnancy
Study Groups. We used two classification methods to define excessive GWG: a weight
gain above the 90th percentile of the population, or exceeding the upper range recom-
mended by the Institute of Medicine, stratified by pre-pregnancy body mass index. Statisti-
cal analysis was performed using multiple logistic regression to determine the association
between excessive GWG and the risk of GDM.
Results: Overall, 1,129 women (13.5%) were diagnosed with GDM. There was no differ-
ence in GWG between women with and without GDM in the first trimester and before
GDM screening. Women with GDM had significantly less GWG in the second trimester,
after GDM screening, and throughout the whole gestation than women without GDM.
No correlation was found between excessive GWG in the first and second trimesters,
before GDM screening, and the later development of GDM.
Conclusions: Our results indicate that excessive GWG prior to GDM screening is not
associated with an increased risk of GDM.

INTRODUCTION
Weight gain during pregnancy can affect fetal and maternal
outcomes. Accumulating evidence indicates that in comparison
with women with appropriate gestational weight gain (GWG)
defined by the Institute of Medicine (IOM) in 2009, women
with excessive weight gain during pregnancy have an elevated
risk for operative deliveries and pregnancy complications
including gestational hypertension, preeclampsia, and fetal
macrosomia1,2. Furthermore, neonates of women with excessive
GWG are more commonly large for gestational age, have

higher rates of birth injury, and tend to have increased body
weight, fat percentage, and hypertension in childhood2,3.
Women with excessive GWG are more susceptible to develop-
ing type 2 diabetes mellitus (T2DM), cardiovascular disease,
and metabolic syndrome later in life4.
However, whether excessive GWG is directly correlated with

gestational diabetes mellitus (GDM) remains controversial.
While some studies concluded that women with excessive
GWG are more likely to develop GDM5–9, others have not
found a similar association10–16. It has even been suggested that
women with GDM have less GWG than women without
GDM17–20. Explanations for the inconsistent results remain
unclear. A possible explanation could be that prior studies
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investigated the overall increase in weight during pregnancy
instead of weight gain prior to GDM screening5,10,15–20. It is
likely that overall weight gain, calculated by subtracting the
maternal weight before pregnancy from weight at delivery,
has been influenced by interventions for GDM, including
lifestyle modification, increased exercise, and nutritional and
pharmacological therapy. Another possibility is that previous
studies did not adjust for the important confounders in
maternal characteristics, such as pre-pregnancy body mass
index (BMI), conception method, and a family history of
type 2 diabetes mellitus, which are reportedly related to the
development of GDM7,13,14,21. Our previous work has shown
that GWG above the 2009 IOM guidelines has different rates
of pregnancy complications among women who are under-
weight, normal weight, and overweight or obese before preg-
nancy19.
Thus, we conducted this retrospective study to clarify the

association between excessive GWG and the risk of GDM. The
objectives of our study were (1) to compare the difference in
weight gain at different stages of pregnancy, including the first
and second trimesters, before and after GDM screening,
throughout gestation, between women with and without GDM;
and (2) to investigate the correlation between excessive GWG
in the first and second trimester (before GDM screening) and
the risk of GDM in later gestation, stratified by each subject’s
BMI prior to pregnancy and adjusted for confounding factors
of important maternal characteristics.

MATERIALS AND METHODS
Data collection
The study was a retrospective cross-sectional study. We
enrolled all women who had GDM screening tests and deliv-
ered after 28 weeks of complete gestation at Taipei Chang
Gung Memorial Hospital between January 1, 2012, and Decem-
ber 31, 2016. We excluded those with pregnancies that were
complicated by multiple gestation, fetal death, and chromoso-
mal or structural abnormalities. Women with overt DM diag-
nosed before pregnancy or at their first antenatal visit before
13 weeks of gestation were also excluded. The Institutional
Review Board of Chang Gung Memorial Hospital approved this
study (approval no. 201800894B0). Requirement for informed
consent was waived by the approval body since the study was
retrospective and anonymous.

Diagnosis of GDM
Gestational diabetes mellitus was screened for and the diagnosis
confirmed using a one-step approach based on the recommen-
dation of the International Association of Diabetes in Preg-
nancy Study Groups (IADPSG). All pregnant women between
24 and 28 weeks of gestation were given a 75 g, 2 h oral glu-
cose tolerance, except for high-risk women, who were screened
at the first prenatal visit. A diagnosis of GDM was made if at
least one plasma glucose concentration equaled or exceeded the
guideline thresholds: fasting, 92 mg/dL; 1 h, 180 mg/dL; or 2 h,

153 mg/dL. Once diagnosed with GDM, women were
instructed to modify lifestyle and nutrition. They were
instructed to regularly monitor blood sugar with glucose
meters. Insulin treatment was prescribed when the aforemen-
tioned management did not manage a fasting glucose level
<95 mg/dL and a 1 h postprandial level <140 mg/dL (or a 2 h
level <120 mg/dL).

Determination of pre-pregnancy BMI and GWG
We measured every woman’s height and recorded her self-
reported pre-pregnancy body weight during her first prenatal
examination. The values were used to calculate pre-gestational
BMI with the formula (weight [kg]/height [m]2).
Each woman was weighed at every antenatal examination.

The GWG of different gestational periods were defined as fol-
lows: (1) first trimester GWG, defined by an increase in weight
in kilograms from before pregnancy to 12–14 weeks of gesta-
tion. If a woman had more than two weight measurements
during the period of 12–14 weeks, the latest measurement was
selected for calculation; (2) second trimester GWG, defined as
the weight change between 12–14 weeks and 26–28 weeks of
gestation. If a woman had more than two weight measurements
during the periods of 12–14 weeks and 26–28 weeks of gesta-
tion, the last measurement within each period was selected for
calculation; (3) GWG before GDM screening, calculated by
each woman’s weight at the GDM screening test minus her
pre-gestational weight; (4) GWG after GDM screening, calcu-
lated by each woman’s weight at delivery minus her weight at
the GDM screening; and (5) total GWG, calculated by each
woman’s weight at delivery minus her weight prior to gesta-
tion.

Definitions of excessive GWG
Two classification methods were used to define an excessive
GWG, stratified by pre-pregnancy BMI (underweight
[<18.5 kg/m2], normal weight [18.5–24.9 kg/m2], and over-
weight or obese [>24.9 kg/m2]). The first was based on the per-
centile of the study population; an excessive GWG was defined
as a weight gain above the 90th percentile of all women with
the same pre-pregnancy BMI category and gestation. The sec-
ond was based on the 2009 IOM guidelines; the highest recom-
mended GWG in the first trimester is 2 kg for all pregnant
women, while the highest recommended rate of GWG in the
second trimester is 0.58 kg/week for underweight, 0.50 kg/week
for normal weight, and 0.33 kg/week for overweight women.
An excessive GWG was defined as a weight gain values exceed-
ing the maximum recommended by the IOM, according to
pre-pregnancy BMI and gestation.

Exposure variables
The following maternal characteristics were considered to be
exposure variables: age at delivery (<20, 20–34, and >34 years),
primiparity, a prior history of assisted or spontaneous abortion,
preterm delivery, and stillbirth (>20 weeks of gestation), a

360 J Diabetes Investig Vol. 13 No. 2 February 2022 ª 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Chuang et al. http://wileyonlinelibrary.com/journal/jdi



family history of type 2 diabetes mellitus (first- and second-
degree relatives), conception by assisted reproductive technology
(ART), cigarette smoking during pregnancy, uterine fibroids,
and maternal diseases such as chronic hypertension, preeclamp-
sia, hypothyroidism, and hyperthyroidism.

Data analysis
Statistical analysis was performed using SPSS version 26 (IBM
Corp., Armonk, NY, USA). Continuous variables are presented
as mean – standard deviation, and categorical variables as
number and frequency (%). Comparisons were first made to
examine the differences in maternal characteristics between
women with and without GDM using the Student’s t-test, chi-
square test, or Fisher exact test, when applicable. A value of
P < 0.05 was considered statistically significant.
Using multiple logistic regression with the backward elimi-

nation method, four models were then generated to assess
the correlation between excessive GWG at different periods
of pregnancy and the risk of later GDM, stratified by pre-
pregnancy BMI and adjusted for potential confounders that
were statistically significant in the univariate analysis. Models
1 and 2 evaluated excessive GWG in the first two trimesters
with the definition of above the 90th percentile of the popu-
lation and exceeding the 2009 IOM recommended limits;
Models 3 and 4 evaluated excessive GWG up to GDM
screening with the definition of above the 90th percentile of
the population and exceeding the upper limit of the 2009
IOM recommendations. The adjusted odds ratios and 95%
confidence intervals were calculated to estimate the relative
risk.
We also performed the trend analysis to investigate the asso-

ciation between increasing GWG and the later development of
GDM. Women were classified into four quartiles according to
their weight gain before GDM screening, stratified by pre-
pregnancy BMI category. Women in the lowest quartile were
set as the reference group and multivariate logistic regression
was used to investigate whether there was a trend of increasing
GWG quartile with risk of GDM.

RESULTS
Characteristics of the study population
Throughout the study period, 8,463 women gave birth to sin-
gleton neonates after completing at least 28 weeks of gestation
at Taipei Chang Gung Memorial Hospital. After we excluded
women with fetal death (n = 17), fetal chromosomal or struc-
tural anomalies (n = 67), and overt DM (n = 27), pregnancy
outcomes of 8,352 women were included in this study. Among
these women, 1,129 (13.5%) developed GDM.
The subjects’ characteristics are shown in Table 1. When

comparing women with and without GDM, those with GDM
were more commonly with advanced maternal age and over-
weight (pre-pregnancy BMI >24.9 kg/m2), had a history of
assisted or spontaneous abortion, fetal death, preterm birth,
conception by ART, and a family history of type 2 diabetes

mellitus. They were also more likely to have coexisting chronic
hypertension, preeclampsia, and hyperthyroidism.
Regarding GWG during different periods of pregnancy,

women with GDM had a significantly lower mean GWG in
the second trimester, after GDM screening, and throughout
gestation than women without GDM. There was no difference
in GWG in the first trimester and before GDM screening
between the two groups.

Excessive GWG before GDM screening and risk of GDM
With the use of two different classification methods to define
an excessive GWG, we found that there were no differences in
the rates of excessive GWG during the first two trimesters, and
up to GDM screening between women with and without GDM
among those with a low or normal BMI before pregnancy
(Tables 2 and 3). For women with a high pre-pregnancy BMI,
a lower rate of excessive GWG in the second trimester was
noted within women with GDM than in those without GDM.
We did not find differences in the rates of excessive GWG
from the first trimester and up to GDM screening between the
two groups of women (Table 4).
Next, we used multiple logistic regression to evaluate the cor-

relation between excessive GWG in the first two trimesters
(Models 1 and 2), before GDM screening (Models 3 and 4),
and the risk of later development of GDM, stratified by pre-
pregnancy BMI and adjusted for the confounding effects from
variables with statistical significance in the univariate analysis
including maternal age >34 years, prior histories of assisted or
spontaneous abortions, stillbirth, preterm delivery, conception
by ART, family history of type 2 diabetes mellitus, chronic
hypertension, preeclampsia, and hyperthyroidism.
In Models 1 and 2, those women with a low BMI prior to

pregnancy were at risk for GDM if the maternal age at deliv-
ery was greater than 34 years. A family history of type 2 dia-
betes mellitus was an additional risk factor for GDM in
Models 3 and 4 (Table 2). For women with a normal pre-
pregnancy BMI, a maternal age >34 years and a family history
of type 2 diabetes mellitus were significant risk factors for
GDM in all four models (Table 3). For women with a high
pre-pregnancy BMI, a family history of type 2 diabetes melli-
tus was determined to be a risk factor for GDM in Models 1
and 2, while preeclampsia was an additional factor associated
with GDM in Models 3 and 4 (Table 4). Regardless of the
definitions of excessive GWG and pre-pregnancy BMI cate-
gories, no significant associations were found between excessive
GWG and the development of GDM in all trimesters. When
the comparison was restricted to those with excessive GWG
and with adequate GWG, we were still unable to detect any
significant correlation between excessive GWG throughout the
period before GDM screening and the risk of GDM (data not
presented). Furthermore, the trend analysis also failed to detect
any significant association between increasing GWG and the
later development of GDM, regardless of pre-pregnancy BMI
category (Table S1).
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DISCUSSION
The current study found that the amount of GWG in the first
trimester and before GDM screening did not change the risk of
developing GDM. Interestingly, women with GDM had signifi-
cantly less GWG in the second trimester, after GDM screening,
and throughout gestation than women without GDM. Further-
more, we did not find significant associations between excessive
GWG, either defined as a weight gain above the 90th percentile
of the whole population or exceeding the 2009 IOM recom-
mendations, during the first and second trimester (before
GDM screening), and the later development of GDM.
Several previous reports have indicated that the extent of

GWG before GDM screening correlates with the risk of GDM,
and women with excessive GWG before GDM screening have
a higher risk for the development of GDM later on6–9,12,13,22–24.
However, the definitions for excessive GWG varied, the associa-
tion was not consistently demonstrated among women in vari-
ous pre-pregnancy BMI categories, and only two prior studies
were carried out on Asian women. Morisset et al. discovered
that women with GDM had significantly more GWG in the
first trimester in comparison with women without GDM13.
Gibson et al. also demonstrated that while women who were
underweight or had a normal weight prior to pregnancy did

not seem to be at an elevated risk for GDM, those with a high
GWG before 12 weeks and through 24 weeks of gestation were
at an increased risk for GDM in overweight or obese women7.
Similarly, Moore Simas et al. reported that women with first-
trimester GWG exceeding 2009 IOM recommendations had a
higher risk of GDM if they were overweight in comparison
with women with appropriate weight gain, though the same
findings were not observed in normal or obese groups24. Car-
reno et al. also found that GWG that exceeded the 2009 IOM
guidelines in women up to 15–18 weeks of gestation had a
higher risk for developing GDM, with the greatest effect in
women with a normal BMI before pregnancy6. Qi et al.
demonstrated that in women with underweight and normal
weight prior to pregnancy, those with GWG greater than the
90th percentile of the whole population before GDM screening
had an increased risk of developing GDM9. However, similar
associations were not found in women who were overweight
prior to pregnancy or when the excessive GWG was defined by
surpassing the 2009 IOM recommendations, regardless of pre-
pregnancy BMI. Furthermore, an upward weight gain trajectory
in the first trimester was found to increase the development of
GDM22, and women with a high GWG in the first trimester
and prior to GDM screening were at an elevated risk of

Table 1 | Maternal characteristics of the study population

No GDM (n = 7223) GDM (n = 1129) P

Age (year)
<20 10 (0.2%) 1 (0.1%) 0.667
20–34 4631 (64.1%) 577 (51.1%) <0.001
>34 2582 (35.7%) 551 (48.8%) <0.001

Pre-pregnancy body mass index (kg/m2)
<18.5 1068 (14.80%) 109 (9.70%) <0.001
18.5–24.9 5453 (75.50%) 764 (67.70%) <0.001
>24.9 702 (9.70%) 256 (22.60%) <0.001

Primiparity 4091 (56.6%) 601 (53.2%) 0.028
Prior induced or spontaneous abortions 2064 (28.6%) 371 (32.9%) 0.003
Prior fetal death 61 (0.8%) 26 (2.3%) <0.001
Prior preterm birth 38 (0.5%) 12 (1.1%) 0.030
Conception by reproductive technology 142 (2.0%) 49 (4.3%) <0.001
Cigarette smoking during pregnancy 6 (0.1%) 1 (0.1%) 0.953
Uterine fibroids 201 (2.8%) 41 (3.6%) 0.114
Family history of diabetes mellitus 2116 (29.3%) 489 (43.3%) <0.001
Chronic hypertension 13 (0.2%) 10 (0.9%) <0.001
Preeclampsia 83 (1.1%) 32 (2.8%) <0.001
Hyperthyroidism 36 (0.5%) 11 (1.0%) 0.047
Hypothyroidism 19 (0.3%) 6 (0.5%) 0.125
Weight gain during pregnancy (kg)
First trimester 1.6 – 2.3 1.7 – 2.5 0.194
Second trimester 6.3 – 2.4 5.9 – 2.6 <0.001
Before GDM screening 7.8 – 3.4 7.6 – 3.6 0.055
After GDM screening 5.2 – 2.6 4.1 – 2.9 <0.001
Total weight gain 13.0 – 4.1 11.7 – 4.5 <0.001

Data presented as number (%) or mean – standard deviation. P value based on chi-square test, Fisher exact test, or Student’s t-test. GDM, gesta-
tional diabetes mellitus.
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GDM12,23. Together, these results suggest a causal relationship
between excessive GWG prior to GDM screening and the
development of GDM. It is proposed that a higher GWG can
cause increased insulin resistance which leads to glucose intoler-
ance and GDM.
Unlike the above studies, we and others did not find a posi-

tive association between excessive GWG throughout the first or
second trimester (before GDM screening), and the later devel-
opment of GDM11,21. Explanations for this discrepancy remain
unclear. There are several possibilities. First, women who were
prone to develop GDM (i.e., those with a high pre-pregnancy
BMI or advanced maternal age) were more likely to be edu-
cated about appropriate weight gain throughout gestation to
reduce the development of known pregnancy complications
such as preeclampsia and fetal macrosomia at the antenatal
examinations. As a result, these women might be more careful
about their dietary habit and had more exercise and eventually
had less GWG than women without GDM.
Second, some prior studies that reported on the associations

between excessive GWG and GDM were based on comparisons
of those with excessive GWG versus those with non-excessive
GWG. Women with non-excessive GWG included not only
adequate weight gain, but also insufficient weight gain during
pregnancy (i.e., weight gain below the IOM recommendations).
It has been noted that women with insufficient GWG before
24–28 weeks of gestation were less likely to have GDM than
those with adequate GWG21. Therefore, the theory that exces-
sive GWG affects the development of GDM may have been
overestimated if the comparison was simply between excessive
to non-excessive weight gain. Indeed, a meta-analysis including
eight studies showed that excessive GWG before GDM screen-
ing increases the risk of GDM development by an odds ratio of
1.425. However, when the analysis was confined to studies that
adjusted for confounding factors, and that reported the odds
ratio as a comparison between excessive and adequate GWG,
the association was not statistically significant, with overlapping
95% confidence limits.
The third possible explanation involves the components of

GWG, which include the developing fetus and placenta, amni-
otic fluid, expansion of maternal blood volume and extracellular
fluid, enlargement of the gravid uterus and mammary glands,
and increased maternal adipose tissue. These components
change over the course of pregnancy and to different extents in
different individuals, therefore markedly affecting the interpreta-
tion of the relationship between GWG and risk of GDM. Little
is known about which components of GWG relate to the
development of GDM, though maternal fat mass is an impor-
tant element as it may impair insulin sensitivity. It has been
estimated that, for a normal term pregnancy characterized by a
total GWG of 11 kg throughout gestation, maternal fat deposi-
tion accounts for only about 27% of GWG26. However, GWG
before mid-gestation is essentially attributed to early placental
development and the increase in maternal blood volume, rather
than fat mass27. Furthermore, when considering the pre-Ta
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pregnant BMI, it was found that a gain of maternal truncal fat
mass was a more potent predictor for GDM than the overall
GWG from early pregnancy to late gestation8. The insignifi-
cance of GWG on the risk of GDM was further supported by
a meta-analysis of 23 randomized controlled trials that con-
cluded there was no effect on lowering the risk of GDM by
reduction of weight gain throughout pregnancy with dietary
and lifestyle modifications in obese women28. Together, this
suggests that excessive GWG is likely to be a less significant
risk factor for GDM than other factors such as pre-pregnancy
overweight or obesity, advanced maternal age, and family his-
tory of type 2 diabetes mellitus, as revealed in this study.
The present study is strengthened by the adjustment for sev-

eral major elements that may confound the effect of excessive
GWG on the development of GDM, use of two classification
methods for excessive GWG, and a subgroup analysis between
different groups of pre-pregnancy BMIs. With these
approaches, the association between excessive GWG and the
risk of GDM can be effectively and comprehensively investi-
gated. However, our study was not without limitations. First,
the pre-pregnancy weight to calculate GWG and BMI was self-
reported, which are subject to recall bias and likely to be under-
estimated. Second, due to the retrospective nature of the study,
we were unable to obtain pertinent information regarding
nutritional condition and physical activity during pregnancy,
that may have affected GWG and the development of GDM,
and therefore not examined. Furthermore, there remains a pos-
sibility of selection bias in the study population because the
study was performed at a single tertiary care hospital with a
retrospective and observational design. Finally, our analysis was
carried out on a homogenous Taiwanese population and used
IADPSG criteria to diagnose GDM, therefore the conclusions
may not be applicable to other ethnicities/races and hospitals
with different GDM diagnostic methods.
In summary, we found that there were no differences in

GWG in the first trimester and before GDM screening,
between women with and without GDM. We also failed to find
a significant association between excessive GWG (weight gain
above the 90th percentile of the study population or exceeding
the upper range recommended by IOM) during the first and
second trimesters, and up to GDM screening, and later devel-
opment of GDM. Although women with excessive GWG are
more susceptible to pregnancy complications such as
preeclampsia, our results indicate that excessive GWG is not a
significant risk factor for GDM. Further prospectively designed
studies, particularly on Asian populations, and the use of
IADPSG criteria for GDM are needed to confirm our findings.
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Table S1 | Trend analysis for the association between weight gain before gestational diabetes screening and risk of gestational dia-
betes.
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