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The relationship of gestational weight gain and development of
gestational diabetes mellitus
B G C S M Banagalaa, M Karunarathneb

Abstract
Objective: To assess the effect of gestational weight gain in women developing gestational diabetes mellitus (GDM).
Methods: In this retrospective case control study, singleton mothers with GDM (n=51) were compared with a control group
(n=153) matched for age (±2 years), parity, booking visit BMI (±2 kg/m2). They were reviewed at delivery to identify sociodemographic risk factors and treatment modality if they were found to have GDM. Maternal weight at booking visit, at the end
of 1st trimester and at the time of glucose tolerance testing was extracted from maternity records. Total gestational weight
gain, and rate of weight gain per week during 1st and 2nd trimesters were the primary outcome data.
Results: Having a 1st degree relative with diabetes had a significant association for development of GDM. No significant
difference was observed in total weight gain or 2nd trimester weight gain between case and controls. However, weight gain
during 1st trimester was significantly higher among mothers diagnosed with GDM when compared with controls. This
difference was most significant among normal and overweight BMI categories. Out of the GDM group, although the mean rate
of weight gain was higher in the pharmacotherapy sub group, there was no statistical significance compared with the group
who was only on Medical Nutrition Therapy.
Conclusions and recommendations: Gestational weight gain during first trimester was significantly higher among
patients with GDM who were in the normal and overweight BMI categories compared to normal glucose tolerant individuals.
Mothers with excessive 1st trimester weight gain should be carefully followed up for development of GDM.
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Introduction
Pregnancy is considered as a state of insulin resistance,
and women who cannot increase their insulin
production to overcome this resistance will develop
Gestational Diabetes Mellitus (GDM)1. GDM is defined
as any level of glucose intolerance, which is first
detected during pregnancy.
It is an important cause for perinatal morbidity and
mortality globally2. It is also known to cause long term
complications to both the mother and the fetus which
results in high cost for healthcare and poses a
significant economic burden3, hence early detection
and prompt treatment of GDM is a vital component of
successful management to reduce its complications.
Understanding the potential associations which carries
high risk for GDM is important when screening for
the condition. Previous history of GDM, advanced
maternal age, increased body mass index (BMI), family
history of diabetes, specific ethnic groups are well
known risk factors for developing GDM4.
Both in pregnancy and non-pregnant adults obesity is
associated with an increased insulin resistance and that
is due to abnormal regulation of cytokine production
by the adipose tissue5.
Excessive weight gained during pregnancy can affect
current pregnancy and future health of a woman and her
infant such as pregnancy induced hypertension (PIH),
macrosomia, primary cesarean delivery due to dysfunctional labor and cephalo-pelvic disproportion6,10.
During the past two decades a rising trend in GDM
was observed in Sri Lanka11,12. Hypothetically excessive
gestational weight gain could be linked to development
of GDM by increasing insulin resistance. Therefore,
maintaining acceptable weight gain during early
pregnancy may have a protective effect against development of GDM.
This retrospective case control study aims to assess
this relationship of gestational weight gain and risk of
development of gestational diabetes.

Methods and materials
A case controlled study was conducted during August
2014 to January 2015 in Sri Jayewardenepura General
Hospital, Nugegoda, Sri Lanka, to assess the effect of
gestational weight gain and socio-demographic factors
on development of gestational diabetes mellitus and its
effect on treatment modality.
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All singleton mothers who were admitted for confinement in the unit during the period were invited to
participate in the study. After obtaining informed
written consent, mothers with a singleton pregnancy
and who have attended and followed up in the hospital
antenatal clinic with weight measurement and oral
glucose tolerance testing (OGTT) at 24-28 weeks of
gestation were included into the study. Having previous
history of type 1, type 2 or gestational diabetes mellitus,
booking after 10 weeks, multiple pregnancies, history
of other metabolic disorders or treated with drugs
which can interfere with glucose homeostasis (e.g.
thyroid diseases, Cushing’s, steroid treatment),
uncertainty of the period of gestation, first trimester
and onward weight values are not available and OGTT
done at a gestation other than 24-28 weeks were the
exclusion criteria.
Using the Open-Epi13; a web-based epidemiological and
statistical calculator, a sample size to achieve a
significant result was calculated. Parameters for sample
size estimation were drawn from Gibson et al 20129
study of ‘Maternal weight gain in women who develops
GDM’. According to the calculations around 50
mothers with GDM and around 150 mothers without
GDM as control group were needed.
Data was obtained through an interviewer administered
questionnaire and a data extraction sheet. Gestation at
the first prenatal visit, weight and height at the first
prenatal visit, subsequent weights at the end of first
trimester and second trimesters, results of the glucose
tolerance test at 24-28 weeks were extracted through
the pregnancy record sheet. Socio-demographic
details, family history of diabetes, treatment modality
for diabetes were obtained through an interviewer
administered questionnaire. Corrected expected date
of delivery by first trimester ultrasound scan was
taken to calculate the gestational age if there were
discrepancies.
BMI calculated at the booking visit was taken as an
approximate to the pre pregnancy BMI. They were
categorised as underweight (< 18.5 kg/m2), normal
(18.5-24.9 kg/m2), overweight (25.0-29.9 kg/m2) or
obese (≥30.0 kg/m2) according to this BMI17.
Net weight gain up to screening for GDM (maximum
up to 28 weeks) and the rates of weight gain (kilograms
per week) were calculated. The rate of gestational
weight gain, per week was calculated by dividing the
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maternal weight difference between booking visit and
at the time of glucose tolerance testing, by the weeks
of gestation elapsed between these two points.
As per NICE guidelines, GDM was diagnosed as
fasting blood sugar more than 7.0mmol/L (126mg/dL)
or 2 hr value above 7.8mmol/L (140mg/dL) at
gestational age between 24-28 weeks18.
Each patient with GDM was matched with three
women who had normal glucose tolerance testing.
Mothers without GDM were screened at confinement
with a postprandial blood sugar test (less than 140 mg/dl
was considered as normal). If they found to have late
onset GDM they were excluded from the study.
Assignment was achieved using one-to-one assignment
for the first three matching women delivering at this
institution and cases were matched to controls for
known confounders namely age (±2 years), booking
visit BMI (±2 kg/m2), and parity. The first three controls
matching for each case were selected. If a control
participant did not meet inclusion criteria, the next
eligible control was selected. When a control subject
selected, that patient was omitted from future
selections to ensure that the same control patient will
not be used more than once.

Outcome measures

was diagnosed with GDM for the first time. Out of
that 22 were excluded from the study due to presence
of exclusion criteria. Women without GDM were
identified as controls who met the inclusion criteria
and matched for age, parity and first trimester BMI to
identify the control group (n=153). The characteristics
of cases with GDM and the control group are presented
in table 1.
Presence of 1st degree family history of diabetes was
found to be significantly associated with development
of GDM (p=0.033). Race, monthly family income,
education level was not significantly associated with
development of GDM. Significance of marital status
could not be calculated due to presence of very low
numbers in unmarried and widow categories.
Different weight gain patterns among cases and
controls, which was the primary outcome measure
during the study are presented in table 2.
No significant differences were found in total weight
gain, total rate of weight gain or 2nd trimester weight
gain between control subjects and patients with GDM.
However, a significant association was observed in
rate of weight gain during 1st trimester between the
two groups (0.027 kg/week compared with 0.166kg/
week, P=<0.001).

Mean total weight gain, rate of total weight gain, rate
of weight gain up to 12 weeks, rate of 2nd trimester
weight gain was then compared between GDM group
and controls according to each BMI category. From
the GDM group, further information was collected on
their treatment modality and categorized into patients
requiring medical nutrition therapy alone or patients
requiring additional pharmacological therapy.

In order to observe these differences according to the
BMI categories of individuals, weight gain was
compared according to their booking visit BMI groups.
Lowest total weight gain was seen among the controls
and GDM participants who were obese. There was
no statistically significant difference in total weight gain,
2nd trimester weight gain between controls and cases
in any of the BMI categories.

Statistical analysis

However when weight gain only up to 12 weeks
compared within different BMI categories, rate of first
trimester weight gain was significantly more among
mothers with GDM who were in normal or overweight
BMI categories.

For continuous variables, data were analyzed using
both parametric and non parametric tests with Student
t test, Mann-Whitney U test and Kruskal-Wallis test.
Chi square test was used to estimate the significance
in differences between two categorical variables.
Results were interpreted at the 95% confidence interval
with a significance level of P< 0.05.
Ethical approval was obtained by the Ethical Review
Committee of Sri Lanka Medical Association (SLMA).

Results
During the study period 73 women were identified who
106

To examine whether there was a significance between
gestational weight gain and severity of GDM, total rate
of weight gain was compared for mothers with GDM
according to the two treatment strategies (medical
nutrition therapy – MNT and pharmacotherapy).
Although the mean rate of weight gain was higher in
mother who needed pharmacotherapy (metformin or
insulin) there was no statistical significance between
the two groups (P=0.750).
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Table 1. Socio-demographic data of the cases and controls
Gestational
Diabetes Mellitus
(n=51)

Control
(n=53)

Mean age
0
1
2
3 or more

31.72 (±4.2)
14 (27.5)
32 (62.7)
4 (7.8)
1 (2.0)

31.58 (±2.8)
41 (26.8)
94 (61.4)
15 (9.8)
3 (2.0)

0.857
0.900

Mean BMI

26.16 (±0.51)

25.86 (±0.33)

0.647

BMI (kg/m2) at
booking visit
(BMI category)

<18.49
18.50-24.99
25.00-29.99
>30.00

0 (0.0)
21 (41.2)
24 (47.1)
6 (11.8)

0 (0)
58 (37.9)
76 (49.7)
19 (12.4)

Marital status

Single
Married
Widow/Separated

0 (0.0)
50 (98.0)
1 (2.0)

1 (0.7)
152 (99.3)
0 (0.0)

N/A

Educational attainment

None
Primary
Secondary
Tertiary

0 (0.0)
7 (13.7)
33 (64.7)
11 (21.6)

1 (0.7)
13 (8.5)
127 (83.0)
12 (7.8)

0.254

Monthly income

<10000
10000-50000
50000-100000
>100000

0 (0.0)
26 (51.0)
22 (43.1)
3 (5.9)

0 (0.0)
80 (52.3)
62 (40.5)
11 (7.2)

0.890

Family history of diabetes

1st degree relative
2nd degree relative
No
Do not know

19 (37.2)
3 (5.8)
27 (52.9)
2 (3.9)

34 (22.2)
9 (5.9)
108 (70.6)
2 (1.3)

0.033

Age at delivery
Parity

Mean Body Mass
Index (kg/m2) at
booking visit
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Table 2. Comparison of weight gain between cases with GDM and controls
Control (n=153)

GDM (n=51)

Total weight gain (kg)

4.595 (±0.248)

4.112 (±0.400)

0.332

Rate of total weight gain (kg/week)

0.299 (±0.021)

0.235 (±0.021)

0.099

Weight gain up to 12 weeks (kg/week)

0.027 (±0.015)

0.166 (±0.034)

<0.001

2nd trimester weight gain (kg/week)

0.397 (±0 .026)

0.313 (±0.031)

0.092

Figure 1. First trimester weight gain in cases
with GDM and controls according
to there pre pregnancy BMI

Discussion
The study demonstrated that a higher weight gain in
1 st trimester was significantly associated with
subsequent risk of developing GDM. However, it failed
to identify a significant association in total or 2nd
trimester weight gain for development of GDM. This
is comparable to the findings of two studies conducted
in United States of America8,9. Total body water
accumulation is the main determinant in gestational
weight gain though the fat deposition is also partly
responsible15. It has been found that there is a variation
in the level of fat mass accumulation in women with
different BMI strata16. This understanding of the
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Figure 2. Comparison of rate of weight gain
observed in case with GDM according to
their treatment modality

physiology behind weight gain may help us explain the
study findings.
Rapid early gestational weight gain may lead to
exhaustion of β cell and “push the high risk group
over the edge” towards developing GDM. It has been
shown that early gestational weight gain is mainly
contributed by fat mass increments14. These crucial early
changes may continue to control over development of
GDM irrespective of the subsequent changes.
When analysed by booking visit BMI categories this
difference was significant only among normal and
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overweight groups. In contrast in a case controlled
study done in Ohio9, weight gain was significantly
higher only in overweight and obese patients who
developed GDM.
Reasons contributing for this difference may be, rate
of weight gain is slowest among obese women and
hence failing to reach a statistical significance. Secondly, although BMI more than 23 kg/m2 is considered
overweight for Asians19, inclusion of BMI group 2325 kg/m2 to normal BMI category may have contributed to achieving significance in normal BMI group.
These findings were not proven consistently during
studies among Asian populations6,7,10.
Although the rate of weight gain was found to be higher
in patients with GDM who were on pharmacotherapy
in comparison to patients on MNT only, this association
was not statistically significant. Previous studies have
demonstrated an association with gestational weight
gain and the severity of GDM determined by the type
of treatment offered9. Therefore, even one goes on
and develops GDM, severity of the condition may
become less if she had an acceptable weight gain up
to that point.

Conclusion and recommendation
Gestational weight gain during first trimester was
significantly higher among patients with GDM who
were in the normal and overweight BMI categories
compared to normal glucose tolerant individuals.
Since higher, early gestational weight gain is associated
with a higher risk of developing GDM, health care
providers may need to be more vigilant on detecting
GDM in them. Awareness needs to be created among
public and health care workers, that excessive early
gestational weight gain might be a modifiable risk factor
for GDM.
Whether optimizing BMI and reduction of excessive
weight gain during this period will work as a preventive
strategy needs further assessment by interventional
studies. A proper pre pregnancy counselling program
combined with early pregnancy advice to reduce weight
gain may help in achieving this task and since most
women will book at primary care clinics around 6-10
weeks this appears to be feasible.
Further research with larger sample size is
recommended in order to study different outcomes of
excessive gestational weight gain.
Vol. 41, No. 4, December 2019
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