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Abstract: Aim of present study was to estimate the relationship between the rate of gestational weight gain and subsequent risk of
Gestatioal Diabetes Mellitus (GDM) We conducted a case—control study in 690 women with GDM and 1600 women in the control group
within a unicenter cohort of women delivering between 2008 and 2017 at UP University of medical scirnces, India; who were screened
for GDM at 24-28 weeks of gestation. GDM was diagnosed according to the National Diabetes Data Group plasma glucose cut-offs for
the 100-g, 3-hour oral glucose tolerance test. Women’s plasma glucose levels, weights and covariate data were obtained by medical
record data base. After adjusting for age at delivery, race/ethnicity, parity and prepregnancy body mass index, the risk of GDM
increased with increasing rates of gestational weight gain. Compared with the lowest tertile of rate of gestational weight gain (less than
0.27 kg/week), a rate of weight gain from 0.27-0.40 kg/wk and 0.41 kg/wk or more, were associated with increased risks of GDM (odds
ratio 1.43, 95% confidence interval 0.96-2.14; and odds ratio 1.74, 95% confidence interval 1.16-2.60, respectively. Weight gain during
pregnancy consists of 30% maternal fat accretion with the second half of a normal pregnancy characterized by progressive insulin
resistance. The composition of weight gain also varies by trimester: maternal weight gain early in pregnancy is disproportionately fat
and could influence subsequent maternal insulin resistance. Surprisingly, few studies have examined the association between
gestational weight gain and the risk of GDM. The association must be examined before the diagnosis of GDM to prevent confounding
by treatment for GDM. To date, only very few studies, with small nhumbers of women, have examined gestational weight gain from
before pregnancy to the glucose screening test for GDM and the risk of abnormal glucose metabolism with conflicting results. To
address this question, we conducted a case-control study to examine the occurrence of GDM in relation to the rate of gestational weight
gain (in kilograms per week) assessed before the 50-g, 1-hour glucose challenge screening test (referred to as the glucose screening test
hereafter) for GDM. Gestational weight gain during early pregnancy may represent a modifiable risk factor for GDM and needs more
attention from health care providers.
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pregnancy (HDP), GDM, and LGA infants. On the other

hand, insufficient GWG increases the risk of small for
gestational age (SGA) infants and preterm births*® 12 13 1415

1. Introduction

Gestational diabetes mellitus (GDM) is defined as

hyperglycaemia first detected during pregnancy and not
reaching non-pregnant diabetes levels; it is one of the major
risk factors of adverse pregnancy outcomes (APOs) * 2
Previous studies have shown that the diagnosis of GDM was
highly associated with a risk of hypoglycemia,
hyperbilirubinemia, preeclampsia and cesarean section. It
was also associated with a risk of fetal macrosomia, preterm
birth, and large for gestational age (LGA) infants, in
addition, women with GDM were shown to be at a risk of
long-term obesity and diabetes® * In India, the prevalence of
GDM is approximately 10% of pregnancies® However,
recent studies have shown that the prevalence of GDM has
increased with both obesity and gestational weight gain
(GWG) among pregnant women on other areas of the world
and has been correlated with APOs®’

GWG, an important antenatal factor, is reportedly associated
with APOs® ° 1 According to the 2009 Institute of
Medicine (IOM) guidelines, excessive GWG increases the
risk of cesarean delivery, hypertensive disorders of

However, studies on the association of GWG with APOs in
women with GDM are conflicting™ *" *® 1% ?yasuda et al.
indicated that excessive GWG in women with GDM was
significantly related to increased infant birthweight
Insufficient GWG reportedly increased the incidence of
preterm birth in women with GDM*Moreover, some studies
showed that insufficient GWG in women with GDM is
associated with more favorable obstetric and neonatal
outcomes than adequate or excessive GWG™ *’However,
whether inadequate GWG is associated with adverse
outcomes in GDM has not been fully elucidated. Therefore,
we conducted a retrospective cohort study of women with
GDM in India which included a wide range of perinatal
outcomes to investigate the associations among GWG
within, below, or above the IOM guidelines with adverse
perinatal outcomes.
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2. Methods

Briefly, we identified all pregnancies resulting in a singleton
live birth between April 2008 and Apr 2017 (09years) to
women without recognized diabetes before pregnancy at UP
University of Medical Sciences, India. To be eligible,
women could not have had GDM in a previous pregnancy
and had to be screened for GDM between 24 and 28 weeks
of gestation in the index pregnancy. Trained medical record
abstractors completed chart review on the randomly selected
women in the case and control groups to confirm the
presence of the inclusion criteria. Chart review was
conducted on 874 GDM cases identified in the electronic
databases, with 776 eligible for study inclusion. We also
reviewed the medical records for 2, 000 potential women for
the control group, of whom 1944 met the eligibility criteria.
Women were classified as having GDM if two or more
plasma glucose values obtained during the 100-g, 3-hour
oral glucose tolerance test were abnormal according to the
National Diabetes Data Group criteria.

The rate of gestational weight gain, per week, before the
glucose screening test was calculated as the weight
measured at or before the glucose screening test minus
prepregnancy weight divided by the weeks of gestation
attained at the time of the weight measurement. On average,
the glucose screening test weight was measured less than 1
week before the test (mean [£standard deviation (SD) ]0.8
[£1.1] weeks, range 0—4 weeks). We calculated the rate of
gestational weight gain in the first trimester as the weight at
first prenatal visit (12 [£1.5] weeks, range 6-13 weeks)
minus self-reported pregravid weight divided by the weeks
of gestation attained at the first prenatal visit. Rate of weight
gain in the second trimester was defined as the weight at
glucose screening test (performed on average at 26 [+1.8]
weeks) minus weight at the first prenatal visit divided by the
number of weeks between measurements. The gestational
week assigned to each maternal weight measurement was
based on the earliest ultrasonogram obtained before 24
weeks of gestation.

Self-reported prepregnancy weight was missing for 452 of
the eligible women (15%). For those missing a self-reported
prepregnancy weight, the measured weight closest to the
woman’s LMP but no more than 12 months before her LMP,
was used. To validate this method of estimating
prepregnancy weight, we compared the self-reported
prepregnancy weight to a weight measured within 12 months
of the LMP among 1014 women (44.7%) for whom both
measurements were available. The intraclass correlation
coefficient between the two weights was 0.967. The mean
difference (self-reported minus measured weight) was 1.2
(x3.5) kg for normal weight women, 0.8 (+4.9) kg for
overweight women, and —1.3 (£5.0) kg for obese women.
These findings are similar to previous reports, except that
unlike previous studies, the obese women in our study were
less likely to under-report their pregravid weight.

Of the eligible 776 women with GDM and 1944 women in
the control group for whom chart review was completed, the
following were excluded from all analyses because of
missing data: pregravid weight (10.6% of women in the case
group and 15.4% of women in the control group), height

(0% of women in the case group and 0.7% of women in the
control group), and no weight measured at a prenatal visit
within 4 weeks of screening test (1.7% of women in the case
group and 2.8% of women in the control group). This left
682 women with GDM and 1586 women in the control
group for analyses. Women for whom gestational weight
gain data were missing were similar to those included in the
analysis regarding age, race/ethnicity, parity, and education.
We categorized women into tertiles based on the distribution
of the rate of weight gain in the women in the control group.
We examined differences between women in the case group
and women in the control group in the distributions of
categorical variables using »° tests. Unconditional logistic
regression was used to obtain odds ratios (ORs) as estimates
of the relative risk of GDM in relation to category of rate of
gestational weight gain. Women in the lowest third of the
distribution of rate of gestational weight gain were used as
the reference group. For models using the I0M
recommendations as the exposure, we compared women
who exceeded the recommendations with those who met or
were below the recommendations because so few women
were below the recommendations (92 women in the case
group [13%] and 208 women in the control group [13%]).
Variables evaluated for confounding included maternal age,
race/ethnicity, pregravid BMI, blood pressure at the first
prenatal visit, parity, maternal education and first-degree
family history of diabetes. To assess confounding, we
entered covariates into a logistic regression model one at a
time and then compared the adjusted and unadjusted odds
ratios. Final logistic regression models included covariates
that altered unadjusted odds ratios for gestational weight
gain by at least 10%, as well as those covariates of a priori
interest (ie, parity and blood pressure). The multivariable
adjusted models included the following covariates: age,
race/ethnicity, parity, blood pressure and prepregnancy BMI.
Sensitivity analyses were conducted to examine first-
trimester weight gain and weight gain up to the time of
glucose screening among those women with a measured
weight that was within 6 months of their LMP and further
adjusted for the length of time between the prepregnancy
weight measurement and the index pregnancy. In addition,
we also conducted a sensitivity analysis examining the rate
of gain in the first trimester among women who had their
first prenatal visit performed at 12-14 weeks of gestation to
assess whether measuring weight at the end of the first
trimester would change our results.

3. Results

The characteristics of women with GDM and women in the
control group are listed in Table-1. Women with GDM were
more likely to be from a nonwhite race/ethnicity group, to be
older than 35 years, to have a family history of diabetes, to
have hypertension at the first prenatal visit, to have had two
or more prior live births, and to be overweight or obese
before pregnancy. Women with GDM tended to have a
higher occurrence of preeclampsia and to have 12 or fewer
years of education, although these differences were likely
attributable to chance. Overall, the median rate of gestational
weight gain from pre-pregnancy until the glucose screening
test was 0.33 kg/wk, the median rate of gestational weight
gain until the first prenatal visit (12 weeks of gestation on
average) was 0.18 kg/wk and the median rate of gestational
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weight in mid-pregnancy (from the first prenatal visit until
the 1-hour glucose challenge test) was 0.44 kg/wk. The
mean rate of weight gain until the glucose screening test
varied by pregravid BMI and by case—control status. The
mean (£SD) rate of weight gain was highest among women
with a BMI of 24.9 kg/m? or less: 0.38 (+0.14) kg/wk for
women in the case group and 0.37 (£0.16) kg/wk for women
in the control group. The mean (xSD) rate of weight gain

was second highest among overweight women with a BMI
of 25.0-29.9 kg/m? for women in the case group and 0.31
(x0.17) kg/wk for women in the control group. The mean
(xSD) rate of weight gain was lowest among obese women
with a BMI of 30 kg/m? or more: 0.26 (+0.21) kg/wk for
women in the case group and 0.21 (+£0.26) kg/wk for women
in the control group.

Table 1: Characteristics of the Study Population

Characteristic Gestational Diabetes Cases” (n=682) | Controls (n=1586) | Missing Data (n=452) | P~
Race/ethnicity 0.003
North Indian 306 (44.9) 862 (54.4) 198 (43.8)
Central Indian 54 (7.9) 160 (10.1) 36 (7.0)
South Indian 82 (12.0) 128 (8.1) 56 (12.4)
Other 120 (16.1) 218 (13.74) 81 (17.92)
Age at delivery (y) <.001
15-24 23 (6.7) 189 (23.8) 50 (22.1)
25-29 48 (14.1) 189 (23.8) 51 (22.5)
30-34 228 (33.4) 502 (31.7) 60 (35.4)
35-45 312 (45.8) 328 (20.7) 90 (19.9)
BMI (kg/m?)
Less than 18.5 18 (2.6) 78 (5.0) — <.001
18.5-24.9 218 (32.0) 900 (58.1) —
25.0-29.9 236 (34.6) 356 (23.0) —
30.0 or more 210 (30.8) 216 (13.9) —
Parity 0.02
0 268 (39.3) 690 (43.5) 174 (38.5)
1 226 (33.1) 576 (36.3) 162 (35.8)
2 or more 114 (27.6) 326 (20.2) 116 (25.7)
Educational attainment 0.13
High school graduate or lower 246 (36.1) 620 (39.1) 204 (45.5)
Partial college 220 (32.3) 466 (29.4) 142 (31.7)
College 144 (21.1) 276 (17.4) 56 (12.5)
Graduate school or higher 62 (9.1) 202 (12.7) 46 (10.3)
Do not know 10 (1.5) 22 (1.4) 4(0.01)
Marital status <.001
Single 92 (13.7) 394 (25.0) 90 (20.)
Married 542 (80.4) 1144 (72.5) 348 (77.3)
Widowed, divorced, or separated 28 (4.1)) 36 (2.2) 12 (2.7)
Do not know 12 (1.8) 4(0.3) 2 (0.0)
Family history of diabetes <.001
First-degree relative 158 (23.2) 176 (11.1) 64 (14.2)
Second-degree relative 184 (27.0) 360 (22.7) 76 (14.8)
None 270 (39.6) 940 (59.3) 254 (56.2)
Do not know 70 (10.2) 110 (6.9) 58 (12.8)
Rate of weight gain (kg/m?)
Prepregnancy to 1-hour GCT 0.34 (0.19) 0.34 (0.18) —
First trimester 0.25 (0.35) 0.17 (0.32) —
Second trimester 0.40 (0.21) 0.47 (0.22) —
I0M recommendations
Below 92 (13.5) 208 (13.1) — 0.21
Met 100 (14.7) 302 (19.0) —
Exceed 490 (71.9) 1076 (67.8) —
Preeclampsia diagnosis 38 (5.6) 52 (3.4) 6 (1.4) 0.1
Blood pressure at first prenatal visit <.001
Normal 350 (51.3) 1108 (70.1) 310 (69.5)
Prehypertension 258 (37.8) 414 (26.2) 118 (26.5)
Hypertension 74 (10.9) 58 (3.7) 18 (4.0)

In the unadjusted models, there was no association between
tertile of rate of gestational weight gain up to the glucose

screening test and risk of GDM. However, after adjustment
for BMI, age, race/ethnicity, parity, and blood pressure at
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the first prenatal visit, women in the middle and highest
tertiles for rate of weight gain were more likely to develop
GDM when compared with women in the lowest tertile
(Table 2). To exclude the possibility that gestational weight
gain was a prodromic symptom of preeclampsia, which is
also more common in women with GDM*® Analysis after
excluding the 76 women in the case group (5.5%) and 104
women in the control goup (3.3%) who had developed
preeclampsia. The observed associations between gestational
weight gain and GDM risk did not change direction and
remained statistically significant: ORs for middle and

highest tertiles were 1.5 (95% confidence interval [CI] 1.0-
2.1) and 1.7 (95% CI 1.2-2.5), respectively. We conducted
sensitivity analyses restricted to women with a measured
weight within 6 months of their LMP (632 GDM women in
the case group and 1000 women in the control group),
further adjusted for the time between the weight
measurement and the index pregnancy and found that the
results were only slightly attenuated (OR 1.4 [95% CI 0.9-
2.1] and OR 1.5 [95% CI 1.1-2.2] for middle and highest
tertiles, respectively).

Table 2: Odds Ratios and 95% Confidence Intervals for Gestational Diabetes Mellitus Associated With Rate of Pregnancy

Weight Gain
| Cases | Control [ Crude OR (95% CI) | Adjusted OR" (95% CI)
Rate of weight gain up to GDM screening (kg/wk)

—0.41-0.26  (ref) [ 522 (33.4) [ 522 (32.9) 1 1
0.27-0.40 522 (32.8) | 538(33.9) 0.95 (0.70-1.30) 1.43 (0.96-2.14)
0.41-0.97 230(33.7) | 526 (33.2) 1.00 (0.74-1.37) 1.74 (1.16-2.60)

Rate of weight gain in first trimester (kg/wk)
-1.0-0.06 200 (29.2) | 538(32.8) 1 1
0.07 -0.26 198 (28.9) | 556 (33.9) 0.96 (0.69-1.32) 1.04 (0.70-1.56)
0.27-1.9 288 (42.0) | 553(33.3) | 1.42(1.05-1.93) 1.82 (1.24-2.70)
Rate of weight gain in second trimester (kg/wk
-1.0-0.38 322 (42.9) | 590 (32.6) 1 1
0.39-0.54 259 (33.1) | 307(34.0) 0.74 (0.56-0.98) 1.02 (0.70-1.49)
0.55-1.62 91(24.1) | 302(33.4) 0.55 (0.41-0.74) 0.88 (0.59-1.33)
I0OM recommendations
Below/within 96 (28.2) | 255(32.2) 1 1
Above 490 (71.9) | 1076 (67.8) | 1.38 (1.09-1.77) 1.53 (1.09-2.15)

We also examined the relationship between trimester-
specific rates of gain and GDM (Table 2). Being in the
highest tertile for rate of weight gain in the first trimester
was associated with a significant, 80% significant increased
risk of GDM. The strength of the association increased in a
sensitivity analysis restricted to women who had their
weight measured within 6 months before their LMP (OR
2.31, 95% CI 1.32-4.04, for being in the highest tertile). In
the sensitivity analysis restricted to those who had their first
prenatal visit performed between 12 and 14 weeks of
gestation, the risk associated with being in the highest tertile
for rate of gestational weight gain in the first trimester
increased to twofold (OR 2.18, 95% CI 1.17-4.08). There
was no association between the rate of weight gain during
the second trimester and GDM. Women who exceeded the
IOM guidelines for weight gain had a significant, 50%
increase in the risk of GDM when compared with women
who gained within or below the IOM recommendations
(Table 2).

We examined interaction terms between several covariates
(BMI, age, and race/ethnicity). The interaction term for
pregravid BMI and the rate of gestational weight gain up to
the time of GDM screening was statistically significant
(P<.05). Therefore, we examined the association between
the rate of weight gain up to the screening test and risk of
GDM within strata of prepregnancy BMI categories.
Because of the sparse number of underweight women (BMI
less than 18.5), they were combined with the normal-weight
women (BMI 19.0-24.9) for this analysis. In multivariable
analyses, the association appeared to be stronger among
overweight women. Overweight women who gained in the
highest tertile for rate of weight gain (0.41-0.97 kg/wk)
were twice as likely (OR 2.1, 95% CI 1.05-4.06) to develop
GDM when compared with women in the lowest tertile. The
corresponding odds ratios for normal weight and obese
women were 1.41 (95% CI 0.77-2.58) and 1.18 (95% CI
0.57-2.44), respectively (Fig.1).
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Figure 1

Odds ratios and 95% confidence intervals for gestational
diabetes mellitus associated with rate of gestational weight
gain up to screening test by body mass index (BMI). Normal
weight, BMI less than 25.0; overweight, BMI 25.0-29.9;
obese, BMI 30 or more.

The interaction term for race/ethnicity (non-Hispanic white
compared with Asian, Hispanic, and African-American
women) and the rate of gestational weight gain up to the
time of GDM screening attained borderline significance
(P=.05). Stratified analyses suggested that the association
between the rate of weight gain before the GDM screening
and the risk of GDM was stronger among nonwhite women.
Women of nonwhite race/ethnicity who were in the highest
tertile for rate of weight gain had a 2.5-fold increased risk of
developing GDM (OR 2.66, 95% CI 1.45-4.90), whereas the
corresponding value for non-Hispanic white women was OR
156 (95% CIl 0.90-2.68). There were no significant
interactions between rate of weight gain in the first trimester
or rate of weight gain in the second trimester.

4. Discussion

In this study, we found that greater gestational weight gain
in early pregnancy, particularly during the first trimester,
was associated with an increased risk of GDM. Exceeding
the 2009 IOM recommendations for gestational weight gain
was also associated with an increased risk of developing
GDM. All of these associations were independent of
important confounders, including age, race/ethnicity,
pregravid BMI, and parity. However, the association

between gestational weight gain and the risk of GDM was
more pronounced among overweight and nonwhite women?"
22

Strengths of this study include the representative population,
the robustness of the results after several sensitivity
analyses, and the biologic plausibility of a stronger
association between gestational weight gain during the first
trimester and the risk of GDM. ' However, several
limitations should be considered when interpreting the
results of this study. First, we used prepregnancy weights
that were (for most women) self-reported. Although we and
other investigators have observed that self-reported
prepregnancy weight approximates the true value® **, we
may have underestimated or overestimated the association
with GDM. However, our sensitivity analyses restricted to
women with measured weights were encouraging. We have
no reason to believe that the women who developed GDM
would have underreported their prepregnancy weight more
than control women because none of the women included
had a history of GDM. Thus, we expect that any bias
attributable to the misclassification of prepregnancy BMI
would be nondifferential and would therefore bias our
results toward the null. We were also missing data on
weights recorded in the medical charts for approximately
15% of the women. If women with missing data were more
or less likely to gain excessive weight, we could have
underestimated or overestimated the risk of GDM associated
with gestational weight gain® 2. We did not have
information on the composition of pregnancy weight gain,
and it is plausible that gaining fat mass compared with lean
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mass could have differential effects on GDM risk. Finally,
we lacked information on some potential confounders, such
as diet and physical activity, so we were not able to assess
the association between gestational weight gain and GDM
independent of these factors.

Three prior studies have found that excessive gestational
weight gain is associated with an increased risk of impaired
glucose tolerance during pregnancy that did not meet the
strict criteria for GDM?" *® Similar to our finding that the
association was stronger among overweight and obese
women, one study found that a higher observed-to-expected
gestational weight gain ratio increased the risk of impaired
glucose tolerance only among overweight women®, and
another study found that exceeding the 1990 IOM
recommendations increased the risk of impaired glucose
tolerance, but only among obese women® A recent study™®
found no association between gestational weight gain before
the GDM screening and risk of GDM, but they did find a
borderline association between a high rate of weight gain in
the first trimester and risk of GDM (OR 1.70, 95% CI 0.98—
2.94). The smaller sample size of these previous studies may
explain some of the discrepancies, but overall prior studies
support our findings. We tested and found an interaction
between gestational weight gain and race/ethnicity,
suggesting that excessive gestational weight gain may have a
greater effect on the risk of GDM in nonwhite women than
in white women.

We found that the association between gestational weight
gain and risk of GDM was mainly attributable to excessive
weight gain in the first trimester. Rapid gestational weight
gain in early pregnancy may result in an early increase in
insulin resistance that leads to the “exhaustion” of the B cell.
This could reduce the capacity of the B cells to secrete
adequate levels of insulin to compensate for the insulin
resistance induced by the progression of pregnancy and
therefore lead to the development of GDM. Although we
were unable to measure the components of gestational
weight gain (eg, maternal fat mass, fat-free mass, mass of
the fetus), weight gain in early pregnancy has been found to
consist of more maternal body fat. Large gains in maternal
fat mass in early pregnancy could have a stronger influence
on subsequent insulin resistance and, consequently, GDM
risk than later gains in lean tissue or fetal mass. Catalano et
al® * found an inverse association between maternal fat
accretion and insulin sensitivity from before conception
through 12 to 14 weeks of gestation, but not from early to
late pregnancy. The authors speculated that at 12 to 14
weeks of gestation they were primarily estimating changes
in maternal metabolism, and only a small proportion of the
change was attributable to increased fetal or placental tissue.

The 2009 10M pregnancy weight gain report suggested that
more evidence was needed to determine whether gestational
weight gain plays a role in the cause of GDM. 2 Our study
is one of the few to support a direct association between
gestational weight gain and the risk of GDM. These findings
need to be replicated in other racial/ethnically diverse
populations. Clinicians should be aware that high rates of
weight gain during early pregnancy may increase a woman’s
risk of GDM, particularly among overweight or obese
women.
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