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Original Article

inTroducTion

Gestational diabetes mellitus (GDM) is described as diabetes 
diagnosed during pregnancy which is not overt diabetes.[1] It 
is associated with both short‑ and long‑term adverse health 
consequences for both the mother and her offspring.[2‑5] 
GDM with its potential to increase future rates of diabetes 
is arousing international attention of late. In China with the 
highest number of people with diabetes, the epidemiology 
of GDM has not been extensively studied. Till now, lack 
of uniform policy and diagnostic protocol, coupled with 
lack of awareness about GDM and its consequences, has 
meant that the health‑care practitioners (HCPs) have not 
given adequate attention to screening for and treating 
GDM. The Ministry of Health (MOH) of China published 
the diagnostic criteria for GDM in July 2011[6] which was 
amended in August 2014.[7] In addition, a World Diabetes 
Foundation-funded project (WDF 10-517) has helped build 

capacity through high‑quality training of HCPs in China. 
These developments have ensured that all large hospitals 
providing maternal health services comply with the testing 
protocol according to the new MOH guidelines. In China, 
especially in cities, nearly all pregnant women deliver in 
hospitals and this gave us the opportunity to investigate the 
prevalence of and the risk factors for GDM among pregnant 
women attending maternal health services in the public 
hospitals in Beijing.
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meThods

Ethical approval
The study was conducted in accordance with the Declaration 
of Helsinki and was approved by the local ethics committee 
of the institute. Informed written consent was obtained from 
all patients prior to their enrollment in this study.

Study population and sampling method
All public hospitals that offer delivery services in Beijing 
constituted the sampling frame for our study. All pregnant 
women attending a particular hospital were taken as a 
cluster. The survey adopted a systemic cluster sampling 
method. Random seed and sampling intervals were decided 
and sorted by the number of deliveries in 2012, 15 hospitals 
in Beijing were chosen by cluster sampling (listed in the 
acknowledgment). The public hospitals cater to over 90% of 
all deliveries in Beijing and therefore the study population is 
representative of pregnant women delivering in Beijing. The 
survey included pregnant women who delivered after at least 
28 weeks of pregnancy between June 20, 2013, and November 
30, 2013. The survey and data collection were started and 
completed at the same time in all the selected hospitals.

Sample size
With an estimated incidence of GDM between 10% and 30% 
based on previous reports and considering 95% confidence 
interval (95% CI) width within 3%, the sample size was 
estimated to be between 3650 and 1603.

Taking the higher number and rounding it off gives the 
estimated number to be 3650. Considering refusal to participate 
and defaulter rate of around 30%, a sample size of 5214 was 
considered to be adequate. We collected data on 15,194 pregnant 
women, adequately powered for calculating the prevalence of 
GDM, as well as to analyze the risk factors and build a sizeable 
cohort for a postpartum follow‑up study later on.

Investigation method and quality control
The study developed a questionnaire to collect and record 
the data. The questionnaire was evaluated by a team of 
professionals and pilot tested before finalization. Two 
training workshops were held to train the investigators from 
the selected hospitals. A quality control center was set up at 
the Beijing Maternity Hospital to monitor and supervise the 
quality of data collection and provide assistance and feedback.

The questionnaire consisted of three parts. The first 
part relates to basic information about demography, 
socioeconomic conditions and lifestyle, family history 
of diabetes mellitus (DM), and general medical history. 
This part, took 5–10 min to complete, was filled during 
face‑to‑face interviews when the women were hospitalized 
for delivery. The second part relates to information about the 
index pregnancy such as findings of physical examinations 
and laboratory tests, history of complications during 
pregnancy and childbirth, and maternal and fetal outcome. 
This part was filled by the investigators based on the patients’ 
medical record and completed within 1 day after the patients’ 
discharge from the hospital. The third part relates to the 

postpartum period. According to the protocol, all women 
were required to come back for routine checkup including 
a basic physical examination at 6–12 weeks postpartum. For 
women with GDM, a 75 g OGTT test is given at that time 
to assess their glycemic status. The information for the third 
part is being collected by the investigators in the outpatient 
department and from the hospital information system and 
will be used for the follow‑up study.

Being an observational study, part two of the questionnaire 
was filled using medical records and thus our study has 
elements of retrospective analysis. In some cases, women 
did not report for routine prenatal visits until the second or 
third trimester, while in some other cases, women delivered 
at a particular hospital but had attended prenatal care at some 
other place. Thus, incomplete information of routine prenatal 
examination was unavoidable in some cases.

Data from the questionnaires were transferred to computer 
(double input with  Epidata software, EpiData Association, 
Denmark), and logical consistency was checked. The 
responder and delivery list was cross‑checked to make a 
supplementary investigation for missing information.

Diagnostic criteria for gestational diabetes mellitus and 
diabetes mellitus
All hospitals included in the study implemented the MOH 
China guideline.

Routine fasting plasma glucose (FPG) test to rule out 
previously undiagnosed diabetes was done at the time of 
booking or in the first trimester. A reading ≥7.0 mmol/L was 
considered diagnostic of DM.

Between 24 and 28 weeks of gestation, a diagnostic 2 h 75 g 
OGTT test was done on all pregnant women. GDM was 
diagnosed by the 2014 MOH China criteria when one of 
the following plasma glucose values was met or exceeded: 
0 h, 5.1 mmol/L; 1 h, 10.0 mmol/L; and 2 h, 8.5 mmol/L. 
Even if the test was done after 28 weeks, it was considered 
valid. Diabetes in pregnancy (DIP) was diagnosed when FPG 
was ≥7.0 mmol/L and/or the 2 h value was ≥11.1 mmol/L.

At 6–12 weeks postpartum, all women with GDM underwent 
a 75 g 2 h OGTT test. The results of FPG and 2 h values are 
recorded. The diagnosis of DM was made if the FPG value 
was ≥7.0 mmol/L and/or the 2 h value was ≥11.1 mmol/L; 
impaired glucose tolerance was diagnosed if the 2 h value was 
between 7.8 and 11.0 mmol/L; and impaired fasting glucose was 
diagnosed if fasting value was between 6.1 and 6.9 mmol/L.

Statistical analysis
Data analysis was done using the   Predictive Analysis 
Software (PASW) PASW Statistics 18.0 (SPSS Inc., IBM, 
USA). The quantitative parameters followed the normal 
distribution, expressed as mean ± standard deviation (SD), 
and tested by independent t‑tests. Pearson’s Chi‑square test 
and Fisher’s exact test were applied to examine differences 
between the groups for categorical parameters. Association 
of GDM diagnosis with other factors was examined by 
multivariable binary logistic regression. Sixteen variables 
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were included in the logistic regression model using 
conditional forward method. All reported P values were two 
tailed, and P < 0.05 was established as the level of significance.

resulTs

Prevalence of gestational diabetes mellitus
Data of 15,194 pregnant women who delivered at the selected 
maternity hospitals in Beijing between June 20, 2013, and 
November 30, 2013 after at least 28 weeks of gestation 
were collected. Their mean age ± SD was 28.3 ± 4.3 years. 
The mean pregestational body mass index (BMI) ± SD was 
21.6 ± 3.3. Two‑thirds (9675) of the women were urban 
residents.

A total of 2987 (19.7%) pregnant women were diagnosed 
as GDM and 208 (1.4%) as DIP. Of the women with DIP, 
141 (67.8%) were first diagnosed with DM during the index 
pregnancy. The basic information comparing GDM and 
non‑GDM population is shown in Table 1 (Table 1 did not 
cover the information of 208 DIP women.).

Risk factors for gestational diabetes mellitus
After excluding women with DIP, data of the remaining 
14,986 pregnant women were used to analyze the risk factors 
for GDM. The study used “GDM diagnosis” (0 normal, 
1 GDM) as dependent variable to carry out logistic regression 
analysis. Sixteen independent variables as described below 
were selected by conditional forward method. About 
4703 cases without missing information were included in 
analysis.

There were five continuous variables: age, prepregnancy 
BMI, BMI gain before 24 weeks, gravida, and parity. Eleven 
categorical variables included were as follows: education 
level, average monthly income, family history of DM, place 
of residence (urban or rural), maternal birth weight (MBW), 
hepatitis B antigen status, vaginal infection, FPG level in the 
first trimester, hemoglobin level in the first trimester, and the 
number and the gender of fetus.

The grouping of categorical variables used in logistic 
regression analysis is shown in Table 2. Using conditional 
forward stepwise method, six variables [Table 3] were 
preserved in the equation and ten were removed. The 
variables that were removed were education level, income 
level, gravidity, parity, location, hepatitis B antigen status, 
vaginal infection, hemoglobin level in the first trimester, the 
number and the gender of fetus as they showed no statistical 
correlation with GDM diagnosis. Age, prepregnancy BMI, 
BMI gain before 24 weeks, family history of DM, MBW, 
and FPG level in the first trimester showed statistical 
differences and these six variables were considered risk 
factors for GDM.

As shown in Table 3, the risk for GDM increased with 
increasing age. With each 1 year increase in age (between 
the ages of 17 and 46 years), the risk for GDM increased 
by 5.3% (1.053‑fold risk). Women with a family history 
of DM had 1.481‑fold increased risk for GDM compared 
to women with no family history of DM. Prepregnancy 
BMI and BMI gain before 24 weeks were both significant 
risk factors; 1 unit increase in BMI above 14 increased 
the risk by 11% (1.109‑fold risk), while 1 unit increase 
in BMI gain before 24 weeks increased the risk by 13% 
(1.126-fold risk). MBW is a high risk of GDM, especially 
when MBW <3000 g. However, with the increase of MBW, 
the risk association of GDM was decreasing. FPG level 
in the first trimester had the highest risk association with 
GDM. Women with FPG values of 5.60 mmol/L had 9-fold 
higher risk of GDM compared to women with FPG value 
below 4.1 mmol/L.

Association between gestational diabetes mellitus and 
maternal birth weight
A subset of 5382 pregnant women in our study were able 
to recall their own birth weight. Of these, 1143 (21.2%) 
had GDM which was slightly higher than the whole study 
population (19.7%). MBW below 3000 g increased the risk 
of GDM whereas MBW above 3000 g appeared protective.

Table 1: Demographic data of the samples in nongestational diabetes mellitus and gestational diabetes mellitus 
groups

Characteristics Non-GDM (n = 11,999) GDM (n = 2987) P

n Values n Values
Age (years) 11,999 28.0 ± 4.2 2987 29.4 ± 4.7 <0.01
Prepregnancy BMI (kg/m2) 11,908 21.3 ± 3.1 2964 22.7 ± 3.6 <0.01
BMI gain before 24 weeks (kg/m2) 10,705 3.4 ± 1.6 2754 3.5 ± 1.7 <0.01
MBW (g) 4239 3210.0 ± 520.5 1143 3156 ± 541.5 <0.01
First trimester Hb (g/L) 9398 128.8 ± 11.7 2448 130.5 ± 9.9 <0.01
First trimester FPG (mmol/L) 10,802 4.65 ± 0.42 2764 4.98 ± 1.35 <0.01
DM family history 11,999 1424 (11.9) 2987 594 (19.9) <0.01
Urban 11,846 7493 (63.3) 2924 2028 (69.4) <0.01
Singleton 11,999 11,814 (98.5) 2987 2927 (98.0) 0.07
HBsAg (+) 11,916 199 (1.7) 2976 38 (1.3) 0.13
Vaginal infection positive 11,463 654 (5.7) 2813 147 (5.2) 0.32
Data were shown as mean ± standard deviation or n (%). GDM: Gestational diabetes mellitus; BMI: Body mass index; MBW: Maternal birth weight; 
FPG: Fasting plasma glucose; SD: Standard deviation; HBsAg: Hepatitis B surface antigen; Hb: Hemoglobin.
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Table 4 and Figure 1 show that increasing MBW from 
below 2000 g up to 3000 g was associated with a 
decreasing GDM prevalence. At MBW of 3000 g, the GDM 
prevalence (19.9%) approximated the GDM rate for the 
whole study population (19.7%) and remained steady even 
with MBW in the 4000 g range. However, the number of 
women with MBW above 4000 g is rather small to draw any 
conclusion with regard to risk associated with higher MBW.

discussion

This is one of the largest studies on GDM in China using the 
random sampling approach. The study is adequately powered 
not only to estimate the prevalence of GDM, but also to 
study the risk factors associated with GDM. Our present 
study confirms our earlier observation about the high rate 

of GDM in China. A prevalence rate of 19.7% exceeded the 
17.5% prevalence reported in our earlier study.[8] In addition, 
the rate for newly diagnosed DIP was almost 1%.

Maternal age, prepregnancy BMI, excessive weight gain 
before 24 weeks of gestation, and family history of diabetes 
were identified as common risk factors for GDM as also noted 
by previous studies.[9‑13] Our study confirmed that these risk 
factors play a role also among pregnant Chinese women who 
develop GDM. Maternal age is an important risk factor. In 
our study, the mean maternal age was 28.3 years, and each 
1 year increase in maternal age above 17 years increased the 
risk by 5%. As more women join the workforce, especially in 
the urban areas, delayed marriage and pregnancy is the new 
norm that is unlikely to change. Family history of diabetes 
with an odds ratio of 1.48 was an important risk factor noted 
in our study. Given that over half of the women with diabetes 
in China are unaware of their condition,[14] the chances that, in 
our study, even more women may have had a positive family 
member of diabetes cannot be ruled out. Animal studies[15] 
have shown that prenatal exposure to a diabetic intrauterine 
milieu in the female offspring leads to an increased risk of 
developing gestational diabetes. Several clinical studies[16‑18] 
have also shown an excess of maternal history of diabetes 
among women with GDM. We have not yet analyzed our 
data to see if this is also true in the Chinese setting. Higher 
prepregnancy BMI is a known risk factor for GDM. In our 
study, each one unit increase in prepregnancy BMI was 
associated with an 11% increase in risk for GDM. As noted 
by others as well, excessive weight gain in early pregnancy 
was an important risk factor noted in our study. Ensuring 
optimal weight before conception and preventing excessive 
weight gain in early part of pregnancy are two important 
actions that may help reduce GDM rates in the future. Thus, 
health education of girls and reproductive age women before 
pregnancy is important. In our future research, we hope to 
study optimal prepregnancy BMI and weight gain in early 
pregnancy to lower the risk of GDM among Chinese women.

The first trimester FPG is an important marker of subsequent 
GDM as reported by us earlier.[8] In the present study also, 
we noted that FPG level in the first trimester had the highest 

Table 2: Categorical variables included in the logistic 
regression

Variables Categories
First trimester FPG (mmol/L) <4.10

4.10–4.59
4.60–5.09
5.10–5.09
5.60–6.09
6.10–6.99

MBW (g) <2000
2000–2499
2500–2999
3000–3499
3500–3999
≥4000

Education Graduate and above
College
High school
Junior school or lower

Average monthly income (RMB) <1000
1000–2999
3000–4999
≥5000

Anemia (Hb g/L) No (≥120)
Mild (90–119)
Moderate (60–89)
Severe (30–59)
Extremely severe (<30)

Family history of DM Positive
Negative

Place of residence Urban
Rural

Number of fetus Single
Multiple

Gender of fetus Male
Female

Hepatitis B antigen Positive
Negative

Vaginal infection Present
Absent

MBW: Maternal birth weight; FPG: Fasting plasma glucose; 
DM: Diabetes mellitus; Hb: Hemoglobin.

Figure 1: Association between gestational diabetes mellitus and 
maternal birth weight. GDM: Gestational diabetes mellitus.
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risk association with GDM. Women with FPG values of 
5.60 mmol/L had a 9-fold higher risk of GDM compared to 
women with FPG values below 4.1 mmol/L.

We did not find any association between GDM and multifetal 
pregnancy unlike the higher association with twin pregnancies 
reported by Whitelaw and Gayle.[13] Egeland and Irgens[19] did 
not find an elevated risk of GDM among 9271 multifetal 
pregnancies after controlling for other risk factors such 
as advanced age, parity, maternal history of diabetes, and 
women’s own birth weight. The higher association of GDM 
with twin pregnancy may be related to higher weight gain and 
not necessarily to the number of fetus. Xiao et al.[20] reported 
that female fetus is associated with greater maternal insulin 
resistance during pregnancy and thus is at a greater risk of 
GDM. In our study, we found no relationship between the 
gender of the fetus and the rate of GDM.

Multigravida and multiparous women are more likely to 
develop GDM compared to primigravida and nulliparous 
women; however, after adjusting for age, prepregnancy 
BMI, and other confounders, the excess risk disappears.[21] 
We did not find any association between gravidity and parity 

and higher rate of GDM. Given the single child policy in 
China, our study was anyway inadequately powered (too few 
multigravidas) to demonstrate any difference.

Lower socioeconomic background including low level of 
education has been reported to be a risk factor for GDM, 
mostly from studies[22,23] reported from the  developed 
countries. These factors may play a role through their ability 
to impact lifestyle. In our study, most social conditions 
including education, income, and place of residence showed 
no correlation with GDM diagnosis. However, it is hard to 
draw any conclusion based on our study from Beijing. The 
economic transition in the big cities in China is a recent 
phenomenon, and the disparity within the local population is 
limited and has not existed long enough to make a significant 
impact. When large economic, social, and nutritional 
variances occur, the social factors might play a role.

While seemingly not affecting GDM rate directly in our 
study, these socioeconomic factors do exert their influence 
through MBW. While low birth weight[24] as a consequence 
of maternal starvation[25] has been shown to increase the 
risk of type 2 diabetes in China, few previous studies from 
China have demonstrated the association between low MBW 
and incidence of GDM. MBW has been reported to be a 
risk factor for GDM, and studies have shown a U‑shaped 
relationship between MBW and GDM[26‑30] with both low 
and high MBW increasing the risk of GDM.

In our study, women with low birth weight had a high 
prevalence of GDM. Increasing MBW from below 2000 g up 
to 3000 g was associated with decreasing GDM prevalence. At 
MBW of 3000 g, the GDM prevalence (19.9%) approximated 
the GDM rate for the whole study population (19.7%) and 
remained steady even with MBW in the 4000 g range. 
Studies from Italy, Poland, and the USA[31‑33] report a similar 

Table 4: Association between gestational diabetes 
mellitus and maternal birth weight

Maternal birth weight (g) n GDM Rate (%)
<2000 46 16 34.8
2000~ 224 63 28.1
2500~ 1056 246 23.3
3000~ 2542 505 19.9
3500~ 1073 230 21.4
4000~ 441 83 18.8
Total 5382 1143 21.2
GDM: Gestational diabetes mellitus.

Table 3: Variables in the equation in logistic regression

Variables β SE P OR 95% CI
Age 0.052 0.010 <0.01* 1.053 1.033–1.074
Prepregnancy BMI 0.103 0.011 <0.01* 1.109 1.084–1.134
BMI gain before 24 weeks 0.119 0.024 <0.01* 1.126 1.075–1.180
Family DM history 0.392 0.085 <0.01* 1.481 1.254–1.748
Maternal birth weight (g) <0.01*

<2000 1
2000–2499 –0.421 0.400 0.29 0.656 0.300–1.436
2500–2999 –0.654 0.371 0.08 0.520 0.251–1.075
3000–3499 –0.832 0.366 0.02† 0.435 0.213–0.891
3500–3999 –0.802 0.370 0.03† 0.448 0.217–0.927
>4000 –1.090 0.386 <0.01* 0.336 0.158–0.336

FPG level (mmol/L) <0.01*
<4.10 1
4.10–4.59 0.065 0241 0.79 1.067 0.665–1.711
4.60–5.09 0.577 0.231 0.01† 1.781 1.132–2.804
5.10–5.59 1.459 0.235 <0.01* 4.303 2.715–6.822
5.60–6.09 2.270 0.283 <0.01* 9.680 5.558–16.860
6.10–6.99 2.334 0.441 <0.01* 10.318 4.345–24.499
Constant –5.718 0.576 <0.01* 0.003

*P<0.01; †P<0.05. BMI: Body mass index; FPG: Fasting plasma glucose; OR: Odds ratio; CI: Confidence interval; DM: Diabetes mellitus; SE: Standard error.
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trend. However, given that the number of women with MBW 
above 4000 g was rather small in our study, it cannot be 
concluded that higher MBW will not adversely affect GDM 
rates in China. The mothers in our study were born around 
late 1980s when the nutrition condition in China overall 
was not good.

Because of the large sample size and systemic cluster sampling, 
our study population is representative of pregnant women 
giving birth in Beijing hospitals. The study is also adequately 
powered to study the prevalence of GDM and its risk factors. 
Despite this, the research has some limitations. First of all, part 
of the information was collected through patient interviews, 
and being dependent on patients’ memory, it is subject to bias, 
and there is some degree of inaccuracy, particularly with regard 
to MBW and family history of DM. Second, the research was 
an observational study, thus not all information was available in 
all cases. Despite these lacunae, we believe our study provides 
useful information with regard to GDM in China and creates a 
platform for further research to fill the knowledge gaps.
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