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Abstract

Background/objectives Gestational weight gain (GWG) recommendations for pregnant women with gestational diabetes
mellitus (GDM) in China are lacking. The present study aims to examine whether specific GWG targets for women with
GDM can improve pregnancy outcomes in comparison with GWG according to the Institute of Medicine (JOM) targets.
Subjects/methods Pregnant women diagnosed with GDM were selected from a retrospective cohort study of 8299 singleton
pregnant women aged 18—45 years in 2012 (n = 1820). GWG ranges were calculated using a receiver operating char-
acteristic (ROC) curve analysis (ROC targets) and the interquartile range (IR) method (the range from the 25th to 75th
percentiles of the GWG among GDM women without adverse pregnancy outcomes, IR targets).

Results The incidences of small for gestational age (SGA) births and pregnancy hypertension among women with GDM
who gained weight within the ROC targets were lower than the incidences in women who gained weight within the I[OM
targets (SGA, 7.5% vs. 8.6%; pregnancy hypertension, 12.6% vs. 14.1%; both P <0.05). GWG was associated with a risk of
adverse pregnancy outcomes in the total sample (estimated values ranged from —2.95 to 2.08, all P <0.05). No statistically
significant associations between GWG and adverse pregnancy outcomes were observed in subgroups of pregnant women
with appropriate GWGs according to the ROC, IR, and IOM targets. The ROC targets exhibited higher negative predictive
values for adverse pregnancy outcomes than the IR and IOM targets.

Conclusion The ROC targets improved pregnancy outcomes and thus represent potential special GWG guidelines for
women with GDM in China.

Introduction

Gestational diabetes mellitus (GDM) is defined as “diabetes
diagnosed in the second or third trimester of pregnancy that
is not clearly overt diabetes,” and it is a risk factor for
maternal and perinatal complications [1, 2]. The global
prevalence of GDM is increasing in parallel with the
increase in the prevalence of overweight and obesity among
pregnant women, and it is correlated with physical inac-
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tivity, dietary patterns, and the sociodemographic char-
acteristics of pregnant women (e.g., advanced maternal age
and ethnicity) [3-6].

In China, the prevalence of GDM has rapidly increased
since new diagnostic criteria were recommended [7-9].
Based on the new criteria, the prevalence of GDM is ~10%
of pregnancies in municipalities, such as Beijing and
Tianjin [10, 11]. In Shanghai, more than 20% of pregnant
women were diagnosed with GDM in 2012 based on our
previous study of 8299 singleton pregnant women [12].
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Inappropriate gestational weight gains (GWGs), includ-
ing excessive or insufficient GWGs, are associated with an
increased risk of adverse pregnancy outcomes [13—16]. The
Institute of Medicine (IOM) published recommendations for
GWG in 1990 and revised them in 2009 [17, 18]. The IOM
GWG targets are intended for women of all ethnicities and
statures and are frequently applied to a specific population,
such as women with GDM [18, 19]. However, researchers
have not determined whether the IOM targets are applicable
to women with GDM who have a greater underlying risk of
adverse outcomes.

In a retrospective cohort study of pregnant Australian
women with GDM, Wong et al. found that GWG defined
according to modified IOM targets did not improve prenatal
outcomes among pregnant women with GDM [19]. How-
ever, the authors simply subtracted an unwarranted 2 kg
from the upper IOM target or from both the upper and lower
targets or copied the range (0—4 kg) for women with a body
mass index (BMI) > 35 kg/m? from another study [19, 20].
These methods for modifying the GWG targets might
reduce the reliability of the effect of the targets on adverse
pregnancy outcomes. Moreover, the body composition and
dietary habits of pregnant Chinese women differ from those
of pregnant women from Western countries, indicating that
GWG targets differ between Eastern and Western women
with GDM [21, 22]. Nevertheless, no studies have been
conducted to determine the GWG ranges for Chinese
women with GDM.

We conducted a retrospective cohort study of singleton
pregnant women with GDM to determine GDM-specific
GWG targets for pregnant Chinese women. Because Chi-
nese women are more likely to develop GDM than other
populations [23] and women with GDM have a relatively
high risk of adverse pregnancy outcomes [19, 24], we
hypothesize that GDM-specific GWG targets may improve
pregnancy outcomes.

Methods
Subjects and data collection

This report is part of a retrospective cohort study of
8299 singleton pregnant women aged 18—45 years who
received prenatal examinations and care at the Obstetrics
and Gynecology Hospital of Fudan University between
January 1 and December 31, 2012. The retrospective cohort
study was conducted between 2013 and 2015 to estimate
the prevalence of GDM among pregnant women in
Shanghai, and was restricted to a review of pregnant women
in 2012 because of the time and funding constraints. An oral
glucose tolerance test (OGTT) was administered to all
pregnant women at 24-28 weeks of gestation to detect
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GDM. Pregnant women with a singleton pregnancy who
were diagnosed with GDM were included in this study.
Exclusion criteria were women with multiple pregnancies
and a lack of data on the GDM diagnosis or pregnancy
outcomes.

Baseline information, including the maternal age, pre-
pregnancy body weight, height, and parity, was surveyed,
and the blood pressure and levels of the fasting blood
glucose, triglyceride, cholesterol, high-density lipoprotein,
low-density lipoprotein, and DII dimer were measured at
the first visit to the hospital. Plasma glucose levels were
measured using enzyme-linked colorimetry, triglyceride
levels were measured using a free glycerol method, and
cholesterol levels were measured using a cholesterol oxi-
dase method. The direct method was used to measure levels
of high- and low-density lipoproteins. Levels of the DII
dimer were measured using a turbidimetric inhibition
immunoassay. Body weight and blood pressure were mea-
sured for all subjects at each visit. The mean number of
visits was 7.9 (standard deviation, SD, 1.9) and ranged from
2 to 15 visits. Body weight, gestational weeks at labor and
birth outcomes (birth weight and Apgar scores at 1 and 5
min after birth) were recorded after delivery. These data
were extracted from the electronic medical record systems
maintained by the hospital.

Definitions of outcomes and variables

Weekly GWGs measured during the second and third tri-
mesters were calculated as the GWG from the 12th week of
pregnancy until delivery divided by the number of gesta-
tional weeks in the second and third trimesters (weeks at
labor minus 12 weeks). Pre-pregnancy BMI was calculated
as [pre-pregnancy body weight (kg)]/[height® (m%)].
According to the pre-pregnancy BMI classification standard
for Chinese adults [25], pregnant women were classified
into the following categories: underweight (BMI < 18.5 kg/
m?), normal weight (BMI 18.5-23.9 kg/m?), overweight
(BMI 24.0-27.9 kg/m?), or obese (BMI =28 kg/m?). We
also used pre-pregnancy BMI classifications based on the
IOM standard to classify the women into the following
groups: underweight (BMI < 18.5kg/m?), normal weight
(BMI 18.5-24.9 kg/m?), overweight (BMI 25.0-29.9 kg/
m?), and obese (BMI > 30 kg/m?) [18].

GDM was defined based on a fasting blood glucose level
(BGL) >5.1 mmol/L, a 1-h BGL 210.0 mmol/L, or a 2-h
BGL > 8.5 mmol/LL after a 75 g OGTT [26]. The adverse
pregnancy outcomes in this study included premature
delivery, macrosomia, full-term low birth weight, large for
gestational age (LGA), small for gestational age (SGA),
neonatal respiratory distress syndrome, and pregnancy
hypertension. An infant delivered at 237 weeks with a birth
weight of <2500 g was considered to have a full-term low
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birth weight, and infants with a birth weight of >4000 g
were considered to have macrosomia [27]. Neonatal
respiratory distress syndrome was defined as an infant dis-
playing an Apgar score <7 at 1 or 5min after birth [28].
SGA refers to a standardized birth weight below the 10th
percentile (P 10), and LGA refers to a standardized birth
weight above P 90 [12, 19]. Premature delivery was defined
as infants born before 37 weeks of gestation. Pregnant
women were diagnosed with pregnancy hypertension when
any abnormal blood pressure was detected (systolic blood
pressure 2140 mmHg or diastolic blood pressure =90
mmHg) from the second visit to the end of delivery [12].

Statistical analysis

The rates of missing variables and outcomes were very low
(ranging from 0.05 to 0.5%). Therefore, pregnant women
for whom data for the variables/outcomes were missing
were excluded from the analysis (14 of the 1820 women,
0.8%). Continuous variables (weekly GWG, maternal age,
pre-pregnancy BMI and gestational weeks) are presented as
the means and SD, and categorical variables (parity (1 or >
2) and the age at pregnancy (=35 years or <35 years) are
presented as percentages to describe the characteristics of
the subjects. Because the weekly GWG is positively cor-
related with adverse pregnancy outcomes, such as macro-
somia, LGA and pregnancy hypertension, and negatively
correlated with SGA and full-term low birth weight, recei-
ver operating characteristic (ROC) curve analyses were
performed to evaluate the diagnostic value of weekly
GWGs measured during the second and third trimesters in
predicting the former three adverse pregnancy outcomes
and preventing the latter two adverse pregnancy outcomes.
A cutoff value for GWG with diagnostic significance for
each adverse pregnancy outcome was selected when the
integrated area under the ROC curve (AUC) was statisti-
cally significant. The lower of the cutoff values for the
former three outcomes was chosen as the upper limit, while
the higher cutoff value for the latter outcomes was set as the
lower limit, constituting the ROC GWG targets (the ROC
targets). The interquartile range (IR; range from the 25th to
75th percentiles, P25-P75) of weekly GWGs among preg-
nant women with GDM for whom adverse pregnancy out-
comes were not recorded was calculated across the four
BMI categories for Chinese women and set as the IR GWG
targets (the IR targets).

Chi-squared analyses (or Fisher’s exact test if any cell
was <5) were used to assess the statistical significance of
difference in the incidences of adverse pregnancy outcomes
across the groups of pregnant women with appropriate
GWG according to the ROC, IR, and IOM targets (GWG
within the targets). Considering the correlation of subjects
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between the groups, McNemar’s paired chi-squared tests
were then performed to examine whether the incidences of
adverse pregnancy outcomes in women with appropriate
GWGs according to the ROC and IR targets differed from
women with appropriate GWGs according to the IOM tar-
gets. Linear mixed models for repeated measures were used
to account for within-subject correlations across the
repeatedly measured GWGs and to study the relationship
between GWG and adverse pregnancy outcomes. We then
repeated linear mixed model analyses in subgroups of
pregnant women who exhibited appropriate weight gain
according to the ROC, IR, and IOM targets to examine
whether the relationship between GWG and adverse preg-
nancy outcomes changed. Potential factors, such as pre-
pregnancy BMI categories (underweight, normal weight,
overweight, or obese), maternal age at pregnancy (=35
years or < 35 years), parity (1 or >2) and gestational weeks
(weeks), were included in the analytical models. Positive
and negative predictive values for the cutoff value were
calculated for the three targets. A Venn diagram was gen-
erated to compare the overlap of pregnant women with
appropriate GWGs based on the ROC, IR, and IOM targets.

A two-tailed P-value <0.05 was considered statistically
significant. All data were analyzed using IBM SPSS soft-
ware, version 19.0 (IBM, Armonk, NY, USA).

Results
Characteristics of the study population

In total, 1820 women with GDM were included in the
analyses. The average age of the subjects was 29.82 (SD:
3.5) years, the average pre-pregnancy BMI was 22.14 kg/m*
(4.26 kg/m?), and the mean gestational age at GDM diag-
nosis and at labor were 25.9 (14.6) weeks and 39.8 (13.8)
weeks, respectively. Among the subjects, 10.10% were
older than 35 years, and 90.69% were primigravida. The
mean weekly GWG during the second and third trimesters
of pregnancy was 0.50 (0.19) kg.

ROC and IR targets

According to the ROC curve analyses, weekly GWG in the
second and third trimesters predicted pregnancy outcomes
such as macrosomia, full-term low birth weight, LGA,
SGA, and pregnancy hypertension (AUC ranged from 0.63
to 0.88, all P <0.05) but not premature delivery or neonatal
respiratory distress syndrome (data not shown). The ROC
targets were 0.48-0.62 kg/week for underweight women,
0.38-0.49 kg/week for normal weight women, 0.23-0.42
kg/week for overweight women, and 0.22-0.32 kg/week for
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Table 2 Incidences of adverse

. Adverse pregnancy
pregnancy outcomes in women

Pregnant women with appropriate gestational weight gain

outcome

with appropriate gestational ROC targets IR targets IOM targets P value from Chi-
weight gain according to the (N=477) (N=859) (N=560) squared tests*
ROC, IR, and IOM targets n (%) n (%) n (%)
Premature delivery 23 (4.8) 39 (4.5)" 23 (4.1) 0.85
Macrosomia 17 (3.6) 51 (5.9) 22 (3.9) 0.08
Full-term low birth weight 4 (0.8) 5 (0.6) 4(0.7) 0.86
LGA 38 (8.0) 93 (10.8)" 43 (1.7) 0.08
SGA 36 (7.5)F 69 (8.0)° 48 (8.6) 0.83
Neonatal respiratory 1(0.2) 1(0.1) 1(0.2) 1.00%
distress syndrome
Pregnancy hypertension 60 (12.6)" 125 (14.6)° 79 (14.1) 0.60

ROC receiver operating characteristic, /R interquartile range, /OM Institute of Medicine, LGA large for
gestational age, SGA small for gestational age

*P values from chi-squared tests of differences in the incidences of adverse pregnancy outcomes among the

three groups

**P values from Fisher’s exact tests

TP <0.05 from McNemar’s chi-squared paired tests compared with the incidence of adverse pregnancy
outcomes among pregnant women who exhibited appropriate weight gain according to the IOM targets

obese women (Table 1). A total of 1141 pregnant women
with GDM who did not experience any adverse pregnancy
outcomes were included in the analysis using the IR
method. The IR targets were 0.45-0.63, 0.40-0.61, 0.29—
0.53, and 0.26-0.38 kg/week for underweight, normal
weight, overweight, and obese women, respectively (Table

1).

Comparison of the incidence of adverse pregnancy
outcomes

Statistically significant differences in the incidences of
adverse pregnancy outcomes were not observed among the
groups of pregnant women with appropriate GWGs
according to the ROC, IR, and IOM targets (Table 2).
However, McNemar’s chi-squared paired tests indicated a
significantly lower risk of having SGA infants and preg-
nancy hypertension for women with appropriate GWGs
according to the ROC targets than for women with appro-
priate GWGs based on the IOM targets (SGA, 7.5% vs.
8.6%; pregnancy hypertension, 12.6% vs. 14.1%, both P <
0.05). Pregnant women with GDM who had appropriate
GWGs according to the IR targets had higher risks of pre-
mature delivery, pregnancy hypertension and delivering
infants with macrosomia or LGA infants than the women
with appropriate GWGs according to the IOM targets.
However, the risk of delivering SGA infants was lower in
pregnant women who had appropriate GWGs according to
the IR targets than in women with appropriate GWGs based
on the IOM targets (Table 2).

Relationship between GWG and adverse pregnancy
outcomes

After controlling for potential confounding factors, linear
mixed models revealed that the GWG was significantly
correlated with premature delivery (B [95% confidence
interval] =-1.90 [-2.71 to -1.09]), macrosomia (2.08
[1.34~2.81]), full-term low birth weight (-2.95 [-4.61 to —
1.29]), LGA (2.08 [1.51 to 2.64]), SGA (-1.66 [-2.31 to —
1.00]), and pregnancy hypertension (0.75 [0.24 to 1.26]).
However, a statistically significant correlation was not
observed for neonatal respiratory distress syndrome (Table
3). We then repeated the analysis with the models in sub-
groups of pregnant women who exhibited appropriate
weight gains according to the ROC, IR, and IOM targets to
examine whether the three targets improved pregnancy
outcomes. Statistically significant correlations between the
GWG and macrosomia, full-term low birth weight, LGA,
SGA, and pregnancy hypertension were not observed, while
the GWG was still correlated with premature delivery
(Table 3).

Values of the targets in predicting adverse
pregnancy outcomes

The predictive values of the three targets for each adverse
pregnancy outcomes were evaluated. Among the three
standards, the ROC targets exhibited the best comprehen-
sive predictive value for adverse pregnancy outcomes. The
negative predictive values for macrosomia, full-term low
birth weight, LGA, SGA, and pregnancy hypertension were

SPRINGER NATURE
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Table 4 Predictive values of the ROC, IR and IOM targets for the absence of adverse pregnancy outcomes

Adverse pregnancy outcome  Target value ratio

Positive predictive value (%)

Negative predictive value (%)

ROC targets IR targets  IOM targets  ROC targets IR targets  IOM targets
Macrosomia > upper: <upper 10.1 12.1 9.8 96.9 95.4 96.5
Full-term low birth weight <lower: >lower 35 3 3.7 99.3 99.3 99.2
LGA > upper: <upper 17.3 21.1 17.3 93.5 91.4 93.5
SGA <lower: >lower 17.5 153 17.7 93.7 93.5 93.1
Pregnancy hypertension > upper: <upper 19.4 21.8 19.2 87.4 85.8 87.0

ROC receiver operating characteristic, IR interquartile range, /OM Institute of Medicine, LGA large for gestational age, SGA small for gestational

age
ROC target
14(1.4%)
IOM target 2 IR target

31
(6.0%)

383
(37.4%)

Fig. 1T A Venn diagram showing the comparison of pregnant women
with appropriate gestational weight gain based on the ROC, IR, and
IOM targets

ROC targets. In addition, the increasing prevalence of
overweight and obesity among women of reproductive age
and a misunderstanding of GWG due to social influences
and views on diet during pregnancy may result in the
increasing prevalence of excessive weight gain in pregnant
women who are overweight and obese [29—31]. Thus, more
attention should be paid to the control of GWG in these
groups of women with GDM.

GWG defined according to the IR targets was not asso-
ciated with adverse pregnancy outcomes, which may be
attributed to the deficiency in the method used to calculate
IR targets, which was based on a relatively fixed distribu-
tion and thus lacked a rational basis for evaluating adverse
pregnancy outcomes.

Our study has several limitations. First, the subjects were
pregnant women who received care at the Obstetrics and
Gynecology Hospital of Fudan University, which may have
resulted in an inadequate representativeness of the sample
population (subjects may have higher education or income
levels, leading to better detection of GDM) and limited the
generalizability of the results. However, given the

characteristics of GDM and the large sample size (1820
cases), we consider the ROC targets as the meaningful
guidelines for GWG in pregnant women with GDM. Sec-
ond, weight interventions were implemented once the sub-
jects were diagnosed with GDM but not for subjects without
GDM. Thus, we were not able to compare our results to
findings obtained from women without GDM. Further
research is needed to understand the effects of these inter-
ventions on both GWG and adverse pregnancy outcomes.
Third, the timeline of GWG assessments overlapped with
the timeline of a confirmed diagnosis of pregnancy hyper-
tension. Thus, we were not able to justify a causal rela-
tionship between these two parameters, which might have
affected the conclusion regarding the association between
pregnancy hypertension and GWG.

Finally, in the total sample, GWG was associated with
adverse pregnancy outcomes, with the exception of neonatal
respiratory distress syndrome; however, the association
between GWG and pregnancy outcomes (e.g., macrosomia,
full-term low birth weight, LGA, SGA, and pregnancy
hypertension) was no longer statistically significant in
subgroups of women with appropriate GWGs according to
the ROC, IR, and IOM targets. According to the results
obtained using linear mixed models, women with appro-
priate GWGs according to the three targets exhibited an
effectively reduced risk of adverse outcomes (e.g., macro-
somia, full-term low birth weight, LGA, SGA, and preg-
nancy hypertension), and the data did not support any of the
three targets. GWG has a significant impact on adverse
pregnancy outcomes, which might be enhanced in the
mixed models, resulting in a decreasing effect of different
targets on the outcomes. Further studies are needed to dis-
tinguish the extent of the impact of GWG itself and the
GWG targets on adverse outcomes.

Conclusions

In summary, compared with the IOM targets, ROC targets
provide better GWG guidelines, which can improve
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pregnancy outcomes in women with GDM in Shanghai,
China. Studies on the applicability of the ROC targets to
pregnant women with GDM in other regions of China
should be conducted to determine GDM-specific GWG
targets in China.
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