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Abstract: Background: Pre-pregnancy body mass index (BMI) and weight change in women with gestational diabetes
mellitus (GDM) during pregnancy likely have an effect on pregnancy outcome. However, limited clinical evidence
is available to support the correlation. Aims: To investigate the relationship of pre-pregnancy BMI and gestational
BMI gains and their effect on pregnancy outcome among Chinese women with GDM. Materials and Methods: Data
were collected from 1418 pregnant patients with GDM who received antenatal care and performed delivery in our
hospital. Patients were categorized into groups based on pre-pregnancy and gestational BMI in order to evaluate
the risk of pregnancy complications. After being diagnosed with GDM during pregnancy, every subject received
advice on lifestyle modification and learned how to self-monitor glucose and administer insulin if needed. Results:
LBW is likely to occur in underweight women with low pre-pregnancy BMI (ORs 2.96, P < 0.01). Obese women are
more vulnerable to hypertension, macrosomia and preterm labor (ORs are 5.92, 2.92, 1.79 respectively; P < 0.05).
Similar result is observed in overweight women (ORs are 2.72, 1.64, 1.45 respectively; P < 0.05). The prevalence of
LBW was higher in gestational BMI gain of < 4 team and the teams of BMI gain > 6 were vulnerable to macrosomia.
Conclusion: An appropriate maternal pre-pregnancy BMI (18.5-24) followed by adequate gestational BMI gain (4~6)
could reduce the risk of the maternal and infant complications.

Keywords: Gestational diabetes mellitus, body mass index (BMI), pregnancy outcomes, pre-pregnancy weight, ges-
tational weight gain (GWG)

Introduction before because of increasing living standards,
with approximately 40% of pregnant women
gaining more weight than is recommended [6].
So limiting GWG in GDM women, especially in
overweight and obese pre-pregnancy women
has been associated with improved pregnancy
outcomes [10, 12, 13]. Several measures for
maternal optimal weight gain have been pro-
posed. The Institute of Medicine (IOM) in the
United States revised the guidelines again in
2009 which recommended an optimal weight
gain range for women based on their pre-preg-
nant BMI, upon which excessive weight gain
during pregnancy could be defined [11].

With the improvement of prenatal and peripar-
tum care, pre-pregnancy BMI and weight
change in women with GDM during pregnancy
are gradually gaining attention. GDM is a com-
mon metabolic complication during pregnancy
that may resolve in twelve weeks postpartum
[1-3]. Women with GDM, if not intervened, are
at higher risk for adverse maternal and neona-
tal outcomes when compared with the people
with no history of diabetes [4, 5]. However,
nutritional and insulin treatment can signifi-
cantly reduce the risk. In recent years, we find
that in addition to the high risk conferred by

GDM, excessive gestational weight gain (GWG)
and obesity in pre-pregnancy have further
adverse risks [7-10], including preeclampsia,
eclampsia, cesarean delivery, macrosomia, etc
[6]. GWG prevalence is now higher than ever

Materials and methods

We retrospectively reviewed the medical re-
cords of all recruited subjects, who were diag-
nosed with GDM and subsequently received
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Table 1. Characteristics of the study population

Underweight

Normal

Overweight

Obese

In total N=1418 (%) 108 (7.6) 769 (54.2)  363(25.6) 178 (12.6) @ VAue
Age (y, mean £ SD) 29.22+3.85 30.96+4.94 31.70+4.83  31.12+4.97 <0.01
Age (y, n, %)

<25 6 (14.8) 99 (12.9) 36 (9.9) 19 (10.7) /

26~30 4 (50.0) 297 (38.6) 136 (37.5) 67 (37.6) /

31~35 31 (28.7) 225 (29.3) 105 (28.9) 54 (30.3) /

>35 7 (6.5) 148 (19.2) 86 (23.7) 38 (21.4)
Height (cm) 161.5+5.06 160.0+5.06 160.445.12  160.1+6.81 0.084
gestational age of OGTT (week) 24.45+7.5 26.66+3.92 26.04+4.50 25.51+5.14 <0.01
OGTT (mmol/L)

Oh 5.61+2.12 5.44+1.45 5.97+1.61 6.23+1.65 <0.01

1h 10.91+1.69 11.44+2.40 12.08+2.51 12.69+6.22 <0.01

2h 9.14+3.16 9.97+3.12 10.34+2.89 10.57+2.67 <0.01
birth weight (g) 3229+504 3333+524 34244556 3511+641 <0.01
GWG (kg, mean * SD) 13.88+6.06 13.89+7.48 11.49+5.21 9.59+7.27 <0.01
GWG (n, %)

<8 14 (12 96) 82 (10.7) 82 (22.6) 0 (33.7) /

8~16 0 (55.6) 474 (61.6) 219 (60.3) 6 (53.9) /

> 16 4 (31.5) 214 (27.8) 61 (16.8) 2(12.4) /
LBW (n, %) 3(12.0) 34 (4.4) 20 (5.5) 9(5.1) <0.05
Macrosomia (n, %) 7 (6.5) 80 (10.4) 58 (16) 45 (25.3) <0.01
Preterm labor(n, %) 9 (8.0) 70 (9.1) 47 (12.9) 27 (15.2) <0.05
Gestational hypertension (n, %) 3(2.8) 17 (2.2) 21 (5.8) 21(11.8) <0.01

GWG: gestational weight gain; OGTT: oral glucose tolerance test; LBW: low birth weight; P < 0.05 indicates a significant differ-

ence by chi-squared test or Fisher’s exact test.

prenatal care and successfully delivered their
baby in the First People’s Hospital of Shanghai
from January 2010 to December 2012. The
number of ethical approval document is 20-
14KY099.0 wing to the nature of retrospective
study, informed consent was not obtained.
Women with the following conditions were ex-
cluded in our study: autoimmune disease, heart
disease, chronic hypertension, bleeding disor-
der, endocrine disease and other complicati-
ons; women with the history of smoking or dr-
inking; women without insulin treatment or diet
modification during pregnancy. Women with
missing information on height, weight before
pregnancy, intrapartum weight and the time of
delivery were also excluded from our sample.
Every subject received advice on lifestyle modi-
fication and learned how to self-monitor glu-
cose and administer insulin if needed. Every
subject’s blood glucose was reviewed on every
pre-natal care visit. When blood glucose was
beyond the following thresholds on more than
three successive days, insulin was suggested:
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fasting glucose 5.1 mmol/L or a 2 h postpran-
dial glucose 6.8 mmol/L. Demographic charac-
teristics of the pregnant women were collected:
pre-pregnancy BMI, age, height, oral glucose
tolerance test (OGTT), gestational age of OGTT,
GWG, and birth weight. Weight was measured
at the last prenatal visit prior to delivery and
was used to calculate gestational weight gain
and intrapartum BMI (maternal weight in kg/
height?, while pre-pregnancy weight and height
reported by each subject were used to calcu-
late pre-pregnancy BMI. Gestational age was
estimated from the last menstrual period, and
this was confirmed or corrected by ultrasonog-
raphy during early pregnancy. On the basis of
the pre-pregnancy BMI, they were categorized
into four groups: underweight (BMI < 18.5),
normal-weight (18.5 < BMI < 24), overweight
(24 < BMI < 28) and obesity (BMI > 28). These
categories were based on the definition of pre-
vention and control guidelines of overweight
and obesity among Chinese adults. In every
group, according to the BMI increased during
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Table 2. Unadjusted odds ratio (OR) of pregnancy complications by pre-pregnancy body mass index

(BMI)

In total N=1418
Pregnancy outcomes underweight OR Normal OR  overweight OR

P value Pvalue obese OR (95% CI P value
(95% CI) (95% CI) (95% CI) (95% C

LBW 2.958 (1.51~5.8) 0.001 1.0 1.261 (0.72~2.22)  0.423 1.151 (0.54~2.44) 0.714
Macrosomia 0.597 (0.27~1.33) 0.202 1.0 1.637 (1.14~2.36) 0.007 2915 (1.93~4.39) < 0.00001
Preterm labor 0.908 (0.44~1.88) 0.794 1.0 1.486 (1.00~2.20)  0.047 1.786 (1.11~2.88) 0.016
gestational hypertension ~ 1.264 (0.36~4.39)  0.7121 1.0 2.717 (1.41~5.21)  0.002  5.917 (3.05~11.49) < 0.00001

LBW: low birth weight; P < 0.05 indicates a significant difference by chi-squared test or Fisher’s exact test.

Table 3. Unadjusted odds ratio (OR) of pregnancy outcomes by gestational BMI gain (ABMI) according
to different categories of the body mass index (BMI)

Pregnancy outcomes

In total
- Macrosomia OR Preterm labor OR estational hypertension
N=1418 LBW OR (95%Cl) P oo o1 5% Ol g o (95‘()2 o P
I <4(n=25) 1.12(0.24~5.12) 0.89 3.91(0.34~45.5) 0.24  1.96(0.36~10.5) 0.43 0 0.65°
4~6 (n=46) 1.0 / 1.0 / 1.0 / 1.0 /
>6(n=37) 1.28(0.34~4.81) 0.71 5.46(0.58~5.0) 0.10  1.26(0.24~6.67) 0.78 2.57 (0.22~29.4) 0.43
Il <4(n=201) 2.46(1.08~5.59) 0.03 0.21(0.08~0.55) 0.005 1.57 (0.87~2.84) 0.13 1.26 (0.33~4.75) 0.73
4~6 (n=314) 1.0 / 1.0 / 1.0 / 1.0 /
>6(n=254) 1.12(0.45~2.80) 0.81 1.59(0.98~2.59) 0.06  1.05(0.57~1.92) 0.89 2.02 (0.65~6.25) 0.22
Il <4(n=170) 4.32(0.95~19.7) 0.04 0.84(0.43~1.61) 059  1.08(0.53~2.21) 0.83 2.60 (0.71~9.53) 0.14
4~6 (n=115) 1.0 / 1.0 / 1.0 / 1.0 /
>6(n=78) 4.72(0.93~23.81) 0.04 1.20(0.57~2.54) 0.63 1.18(0.51~2.76)  0.70 3.68 (0.92~14.7) 0.05
IV <4(n=93) 1.17(0.28~4.89) 0.83 0.50(0.22~1.13) 0.09  1.50(0.58~3.89) 0.40 0.62 (0.22~1. 71) 0.35
4~6 (n=54) 1.0 / 1.0 / 1.0 / 1.0 /
> 6 (n=31) 0 0.30° 2.44(0.97~6.14) 0.06  0.72(0.17~3.01) 0.65 0.85 (0.23~3.10) 0.81

LBW: low birth weight; CI: confidence interval;

pregnancy (ABMI), women were categorized as
low (ABMI < 4), medium (4 < ABMI < 6), high
(ABMI > 6). We analyzed the effects of pre-
pregnancy BMI and gestational BMI gains on
perinatal outcomes in women with GDM, and
these were analyzed on the basis of above-
mentioned maternal and neonatal complica-
tions. The following complications were noted:
gestational hypertension, preterm delivery (ge-
stational weeks < 37 weeks), a low birth weight
(LBW, birth weight < 2500 g), macrosomia (bi-
rth weight > 4000 g). Gestational hypertension
diagnosis is based on blood pressure (BP) >
140/90 mmHg on at least two occasions more
than 6 hours apart in women. GDM is diag-
nosed using the International Association of
Diabetes and Pregnancy Study Groups (IADPSG)
criteria, if met one of the three categories: a
fasting blood glucose of > 5.1 mmol/L, plasma
glucose levels at 60 min of > 10.0 mmol/L or at
120 min of = 8.5 mmol/L following a 75 g oral
glucose tolerance test (OGTT) during 24-28
weeks gestation [14, 15].
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Fisher's exact test; P < 0.05 indicates a significant difference by chi-squared test or Fisher’s exact test.

Statistical analysis

We used SPSS 21.0 Version (IBM, Chicago, IL)
for all statistical analyses. Demographic data
are presented as the mean + SD by analysis of
the variance (ANOVA). Differences in propor-
tions of categorical variables were compared
using Fisher’s exact test or the chi-square test.
We estimated the odds ratios (ORs) for the
above-mentioned complications. Medium BMI
gain (4 < ABMI < 6) and normal weight BMI
(18.5 < BMI < 24) were used as reference
groups. P-values less than 0.05 represents sig-
nificant difference and ORs are presented with
the 95% confidence intervals (Cls).

Results

A total of 1418 cases were enrolled in our
study. In the whole cohort, 108 subjects (7.6%)
were underweight (BMI < 18.5) as group 1,769
(54.2%) were normal (18.5 < BMI < 24) as gr-
oup Il, 363 (25.6%) were overweight (24 < BMI
< 28) as group lll, and 178 (12.6%) were obese
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(BMI = 28) as group IV. We divided each group
further into three small sub-groups depending
on the BMI gain during pregnancy (< 4, 4~6, >
6). Table 1 outlines the clinical characteristics
for these women. Significantly, overweight and
obese women were older than those in the nor-
mal weight and underweight women (29.22
+3.85, 30.96+4.94, 31.701£4.83, 31.12+4.97
years, respectively, P < 0.01). The mean gesta-
tional age of OGTT and the mean infant birth
weight were in normal range. The mean weight
gain from conception until delivery in the whole
cohort was 13.88+6.06 kg for underweight,
13.89+7.48 kg for normal, 11.49+5.21 kg for
overweight, 9.59+7.27 kg for obese women re-
spectively. We further analyzed the effects of
pre-pregnant BMI and BMI gain during pregnan-
cy on pregnancy outcomes in the whole cohort.

In Table 2, it can be observed that a higher pre-
pregnancy BMI increased the risk of macroso-
mia, preterm labor, gestational hypertension.
Relatively, a lower pre-pregnancy BMl increased
the risk of LBW infant. According to the pre-
pregnancy BMI, LBW is more likely to occur in
underweight women compared to others (ORs
2.96, P < 0.01). Obese women are more at risk
for hypertension, macrosomia and preterm la-
bor (ORs are 5.92, 2.92, 1.79 respectively); the
differences are all statistically significant P <
0.05. The above-mentioned complications also
occur in overweight women frequently (ORs are
2.72,1.64, 1.45 respectively), the difference is
significant (P < 0.05).

Table 3 shows pregnancy outcomes according
to the gestational BMI gain in different catego-
ries. In group Il and lll, the prevalence of LBW
was higher in BMI gain < 4 subgroup (ORs 2.46
and 4.32 respectively), and the difference was
significant (P < 0.05). Macrosomia, on other ha-
nd, tends to be higher with women’s BMI gain in
group Il, llland IV, and the subgroup of BMI gain
> 6 were more vulnerable to macrosomia. The
rates of preterm labor and gestational hyper-
tension, however, were no longer significantly
different in the BMI gain in different sub-
groups.

Discussion

As is known to all, maternal hormone secretion
increases significantly during pregnancy, and
these hormones are antagonistic to insulin in
peripheral tissue. The insulin is relatively insuf-
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ficient, and it makes normal pregnancy women
be women with GDM. During the last decade,
the population of women with GDM has been
growing at an alarming rate. Diet modification is
the primary choice of treatment for GDM, with
insulin therapy when diet modification fails. As
living standards have been rising quickly in
recent years, the number of overweight and ob-
ese women has increased dramatically. Simas
et al. [16] found that a third of pregnant women
are about overweight or obese. Since obesity
and GDM can lead to adverse pregnancy out-
come, blood glucose monitoring and weight
control for women with GDM during pregnancy
are crucial to reduce maternal and infant mor-
tality and complications.

It is very important to have an appropriate
weight gain during pregnancy. The recommen-
dation from I0M showed that optimal weight
gain in pregnancy is 12.5-18 kg for underweight
women (pre-pregnant BMI < 18.5), 11.5-16 kg
for normal women (18.5 < pre-pregnant BMI <
24.9), 7-11.5 kg for overweight women (25 <
pre-pregnant BMI < 29.9), and 5-9 kg for obese
women (pre-pregnant BMI > 30) [12]. However,
there is no recommendation for GDM women’s
weight gain during pregnancy in the world. Due
to the varying heights of women, BMI is more
individualized than weight monitoring. So our
study used BMI as the observational index of
pregnancy complications.

In our study, we found that women with a pre-
pregnancy BMI of < 18.5 showed less likeli-
hood for pregnancy complications than women
with pre-pregnancy BMI of > 24. Wataba et al.
[17] also found that Japanese women with a
pre-pregnancy BMI ranging from 18 to 23.9
had the least pregnancy related complications.
But underweight women have a higher risk of
low birth weight infants, thus increasing the ra-
te of infant hospitalization [18].

Overweight and obese women seem more likely
to give birth to a macrosomia than women with
normal weight. Larsen et al. [19] showed that
the frequency of macrosomia increases with a
high BMI. The risk of macrosomia depends not
only on the BMI before pregnancy [20] but also
on weight gain during pregnancy [21]. Ducarne
et al. [22] found that the birth weight of infants
was influenced by the maternal BMI, and a
greater number of children who were macroso-
mic have obese mothers. Besides, a study by
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Kabali and Werler [23] proved that the risk of
macrosomia was much higher for women who
were overweight and obese before pregnancy
and for those who gained excessive weight dur-
ing pregnancy.

In fact, the rate of hypertension was very signifi-
cant in overweight and obese women. In our
study, overweight and obese women in pre-
pregnancy significantly increased the probabili-
ty of gestational hypertension, there was a sig-
nificant difference as shown by our data. Some
reports have shown that gestational hyperten-
sion is associated with an increased pre-preg-
nancy BMI and high GWG [11, 24, 25].

Our study found that preterm labor is also asso-
ciated with pre-pregnancy BMI. The incidence
of preterm labor was much higher in overweight
and obese women.

In conclusion, our study shows that pregnancy
complications in women with GDM increase
with pre-pregnancy BMI and antepartum BMI
gains. An appropriate maternal BMI (18.5-24)
at conception followed by appropriate gesta-
tional BMI gain (4~6), however, could reduce
the risk of maternal and infant complications.
Therefore, we suggest that obstetrician should
pay attention to GDM women’s BMI gain during
pregnancy after blood glucose is within the nor-
mal range. If their blood glucose or BMI is
beyond normal range, we should adjust the
treatment accordingly.
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