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Background and Objectives: This study explored the prevalence of gestational diabetes mellitus (GDM) in Chi-
nese pregnant women and identified risk factors for GDM after the implementation of the universal two-child
policy. Methods and Study Design: On the basis of income and population, we randomly selected three hospi-
tals through stratified and cluster sampling. From January 1 to July 31, 2016, 4959 women who had been regis-
tered within 12 weeks of gestation received a 75-g 2-h oral glucose tolerance test (OGTT) at 24-28 gestational
weeks. International Association of Diabetes and Pregnancy Study Group criteria were used for the diagnosis of
GDM. Results: The OGTT was positive in 1080 (21.8%; 1080/4959) women, who were then diagnosed as hav-
ing GDM on the basis of their results. GDM was positively associated with the following factors: advanced ma-
ternal age (p<0.001; adjusted odds ratio [OR]=4.88; 95% confidence interval [CI]=2.38-10.0, pre-pregnancy
body mass index overweight (OR=2.44, 95% CI=1.78-3.34)/obesity (OR=10.9, 95% CI=6-19.6; p<0.001), pa-
ternal history of diabetes (p=0.003; OR=2.54, 95% CI=1.38-4.67), and maternal history of diabetes (»p<0.001;
OR=3.6, 95% CI=2.16-5.98). Conclusions: Qingdao has an exceptionally high estimated prevalence of GDM.
Widely recognized risk factors for GDM were advanced age, pre-pregnancy overweight/obesity, and a family his-
tory of diabetes in first-degree relatives. More options to prevent and manage GDM must be explored.
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INTRODUCTION

The prevalence of diabetes has been rising worldwide,
which poses serious health problems. In 2006, the Inter-
national Diabetes Federation announced that the preva-
lence of diabetes in China was the second highest in the
world." Growing interest in exploring and assessing the
impact of “new” links among health conditions may facil-
itate identifying efficient interventions. Gestational diabe-
tes mellitus (GDM) represents any degree of glucose in-
tolerance with onset or first recognition during pregnan-
cy.” Established risk factors for GDM are mainly ad-
vanced maternal age, obesity and family history of diabe-
tes.” Women with a history of GDM are also at an in-
creased risk of developing type 2 diabetes mellitus
(T2DM) over 5-10 years after pregnancy, and their chil-
dren have a higher risk of developing obesity and T2DM
early in life.*

The prevalence of GDM is increasing globally. In the
United States, the prevalence of GDM is 14%, which is
equal to 200,000 cases annually.’ In addition, the preva-
lence of GDM is between 8% and 18% in Canada,’® and it

ranges between 6.8% and 10.4% in China.” India has an
exceptionally higher estimated prevalence of GDM
(27.5%) compared with Sri Lanka (9.9%) and Bangladesh
(9.8%).® Therefore, identifying and providing appropriate
care for women with GDM could substantially impact the
health of populations in both high- and low-income coun-
tries.

Since 1979, the implementation of the “one-child poli-
cy,” a population control program in China, has limited
the number of children in each urban family to one. From
January 1, 2016, all Chinese couples are allowed to have
two children. This is thus expected to engender a period
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when more babies are born than usual. According to Vice
Minister Wang Pei’an, approximately 60% of eligible
women are older than 35 years. After the implementation
of this policy, the number of pregnant and lying-in wom-
en of advanced age will significantly increase, signifying
a higher risk of comorbidities and complications during
pregnancy.’” A district of Qingdao, Huangdao is China’s
ninth national-level zone and forms the west coast of
Qingdao city. Few studies have been performed on GDM
in Qingdao, and little information regarding the preva-
lence of GDM and associated risk factors is available.

This study thus assessed the prevalence of GDM in ac-
cordance with the International Association of Diabetes
and Pregnancy Study Group (IADPSG) criteria and ex-
amined its associations with numerous risk factors in a
sample of pregnant women from Huangdao.

METHODS
Participants and study design
Huangdao, the west coast and municipal district of Qing-
dao city, is the ninth national district in China. As a na-
tional overall development area, Huangdao District is a
land and sea international high-end marine industrial con-
centration area and marine economic international coop-
eration demonstration zone. In addition, it is an interna-
tional shipping hub, and the first blue peninsula economic
zone in Shandong province. China has set up the west
coast economic district of Qingdao, including global, the
Huangdao District. After the completion of the merger, its
total area is approximately 2096 km?, and the total popu-
lation is 1.71 million. Antenatal care is delivered through
a three-tier prenatal care system consisting of 12 street
health service centers (the first tier), 2 maternal and child
healthcare hospitals and 2 secondary obstetric hospitals
(the second tier), and 2 first-class hospitals (the third tier).

The sample size was calculated according to the 9.3%
prevalence of GDM in Tianjin.10 We used a proportional
stratify cluster sampling investigation, according to the
Gross Domestic Product ( GDP ) level of district is di-
vided into three levels, and then according to the stochas-
tic principle in the different level of GDP from three hos-
pitals and then in each hospital sample drawn to scale,
according to the formula to calculate sample size n, plus
20% of the sampling error, finally determine the sample
size is at least 4681. Sample size calculation formula is as
follows.

a=0.05,z=1.96,d=0.1 xp, n =400 x (g/p), P =
9.3%,q=1-p,

n=13901,n%*20% + 3901 = 4681

We estimated that this would require a study of 4681
subjects; therefore, 5000 pregnant women were recruited
in the present study. After 41 unqualified questionnaires
were eliminated, the effective sample size was 4959. Un-
qualified questionnaire mean some pregnant women in-
tolerance OGTT test lead to lack of blood samples. Inclu-
sion criteria were pregnant women with a confirmed in-
trauterine pregnancy and an established maternal
healthcare handbook who received a 75-g 2-h OGTT at
24-28 gestational weeks in Huangdao, Qingdao. Exclu-
sion criteria were women diagnosed as having pre-
pregnancy diabetes mellitus. Ethics approval for the study
was given by the local research ethics committee at

each hospital.

Diagnosis of GDM

The IADPSG cutoff value has been used in PUFH since
May 1, 2011, and it was applied in this study for GDM
diagnosis; one-step GDM screening was performed
through the 75-g OGTT at 24-28 gestational weeks. Ac-
cording to the IADPSG criteria, a diagnosis of GDM can
be made when any one of the following values is met or
exceeded in the 75-g OGTT: 0-h (fasting), >5.1 mmol/L;
1-h, >10.mmol/L; or 2-h, >8.5 mmol/L."" Detailed infor-
mation on the OGTT and blood biochemical assessment:
(1) During 24 to 28 weeks pregnancy, all pregnant wom-
en have not been diagnosed with diabetes. (2) Three days
before taking on OGTT test keep normal physical activity,
diet, pregnant women eat carbohydrate may not be less
than 150 g per day. (3) Within eight hours before test,
before the OGTT, day after supper fast 8 to 14 h tomor-
row morning 8:30 (no more than the latest at 9 am), but
can drink, to relieve thirst. (4) Pregnant women should
ban smoking, wine and coffee, the victim rest 15 to 30
min, take on an empty stomach blood specimens after
drinking 75 g glucose with 300mLwater, and time from
the first sip, drinking within 5 minutes, sit-ins during test,
strong physical labor and drinking is not permitted. (5) If
pregnant women appear pale, nausea, vomiting, dizziness,
collapse should immediately stop the test.

Data collection

Pregnant women answered a structured questionnaire
containing the following items: age, educational back-
ground, occupation, monthly household income, height,
weight, family history of diabetes mellitus in first-degree
relatives, number of pregnancies, parity, and 24-h dietary
recall. After being questioned regarding the risk factors
for GDM, the pregnant women received physical exami-
nations performed at training workshops. Body mass in-
dex (BMI) was calculated as the weight in kilograms di-
vided by the square of the body height in meters. Obesity
and overweight were defined as per the criteria recom-
mended by the Working Group on Obesity in China'? (i.c.,
underweight: BMI <18.5 kg/m? normal weight:
BMI=18.5-23.9 kg/m’; overweight: BMI=24.0-27.9
kg/m?; and obesity: BMI=28.0 kg/m?). All data of related
biochemical indices were obtained from the affiliated
hospital of Qingdao University.

Statistical analyses

This study used the Student test for unpaired data, the chi-
square test, or Fisher’s exact test (SPSS/PC statistical
program, version 17.0 for Windows) as appropriate. Lo-
gistic regression analysis was performed for GDM risk
factors by using a backward model. In this analysis, GDM
was considered the dependent variable. Associated risk
factors for GDM were considered independent variables.
Results are presented as arithmetic mean + standard devi-
ation for quantitative data and percentages for qualitative
data. Binary logistic regression was performed to obtain
odds ratios (ORs) and 95% confidence intervals (CIs) for
risk factors for GDM in univariable and multivariable
analyses. Moreover, p values of <0.05 were considered
significant.
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Table 1. Prevalence of GDM among pregnant women in Huangdao

Parameter Non-GDM GDM p-value
N 3879 1080
Maternal age, years 29.2+3.56 32.0+4.32 <0.001"
Age group, years <0.001"
<25 363 (9.4%) 39 (3.6%)
25-29 2076 (53.5%) 360 (33.3%)
30-34 1068 (27.5%) 354 (32.8%)
>35 372 (9.6%) 327 (30.3%)
Gestation week 35.742.67 35.3£2.62 0.706*
Level of education <0.001"
Primary 0 6 (0.6%)
Secondary and High school 684 (17.6%) 339 (31.4)
College school and above 3091 (82.4) 712 (68%)
Household income 0.266%
1000-2999 42 (1.1%) 18 (1.7%)
3000-4999 519 (13.4%) 144 (21.7%)
5000-6999 1053 (27.1%) 321 (23.4%)
7000-9999 1329 (34.3%) 327 (30.3%)
>10000 936 (24.1%) 267 (24.7%)
Pre-pregnancy waistline [cm] 71.7£14.3 75+7 0.744*
Weight during pregnancy [kg] 14.4+4.15 15.1+4.81 0.002*
Pre-pregnant BMI [kg/m’] 21.1+2.88 23.8+3.82 <0.001"
<18.49 711 (18.3%) 45 (15.2%)
18.5-23.99 2613 (67.4%) 567 (64.1%)
24-27.99 498 (12.8%) 315 (16.4%)
>28 57 (1.5%) 153 (4.2%)
Height [cm] 163+7.07 162+10.5 0.404*%
Height group
<160 549 (14.2%) 231 (21.4%) <0.001"
160-165 1623 (41.8%) 429 (39.7%)
>165 1707 (44%) 420 (38.9%)
Number of pregnancies <0.001"
1 2115 (54.5%) 504 (33.1%)
2 1239 (31.9%) 540 (40.6%)
>3 525 (13.5%) 36 (26.4%)
Parity <0.001"
0 1814 (70.1%) 504 (46.7%)
1 722 (27.9%) 540 (50%)
>2 50 (1.9%) 36 (3.3%)
Father of diabetes <0.001"
No 2522 (97.5%) 664 (92.2%)
Yes 64 (2.5%) 56 (7.8%)
Mather of diabetes <0.001"
No 2504 (96.8%) 628 (87.2%)
Yes 82 (3.2%) 92 (12.8%)
Hb [g/L] 121+7.97 124+8.23 0.003*
FBG [mmol/L] 4.39+1.55 4.84+2.67 0.23}

BMI: body mass index; Hb: hemoglobin; FBG: fasting blood-glucose; GDM: gestational diabetes mellitus.

Data are reported as mean+SD or number (%).
"Derived from Student’s t- test.
Derived from the chi-square test or Fisher’s exact test.

RESULTS

Prevalence of GDM in Huangdao

From January 1 to July 31, 2016, this study included 5000
pregnant women. After the elimination of 41 unqualified
questionnaires, the effective sample size was 4959. In
Huangdao, the OGTT was positive in 1080 (21.8%;
1080/4959) women who were diagnosed as having GDM
on the basis of their results, in accordance with the
IADPSG criteria.

Characteristics of the study population

Table 1 presents the characteristics of the studied preg-
nant women. Among the 4959 pregnant women, the mean
gestational ages of the non-GDM and GDM groups were

35.7 (SD: 2.67) and 35.3 (SD: 2.62) weeks, respectively.
The difference in the gestational ages between the two
groups was not statistically significant (p=0.706). The
mean maternal age of the GDM group was higher than
that of the non-GDM group (32.0+4.32 vs 29.2+3.56
years, p<0.001). The percentage of women with a mean
maternal age of >30 years was higher in the GDM group
than in the non-GDM group (63.1% vs 37.1%, p<0.001).
The mean weight gain during pregnancy and the prepreg-
nancy BMI were higher in women with GDM than in
women without GDM. Table 1 shows that compared with
women without GDM, those with GDM were shorter and
more poorly educated, with parity >1, multiple pregnan-
cies, and a maternal and paternal history of diabetes.



386 L Wu, L Han, Y Zhan, L Cui, W Chen, L Ma, J Lv, R Pan, D Zhao and Z Xiao

These differences were statistically significant (p<0.001).
In addition, the average hemoglobin level was higher dur-
ing early pregnancy in women with GDM than in women
without GDM (124+8.23 vs 121£7.97 g/L, p=0.003).

Risk factors for GDM

Univariable analysis of binary logistic regression, which
was used to detect the traditional risk factors for GDM,
revealed the following associated factors (Table 2): ma-
ternal age >30 years, prepregnancy overweight/obesity,
parity >1, number of pregnancies >2, and a family history
of diabetes. We used multiple logistic regression to adjust
for the results in Table 2, thus yielding Table 3, which
shows that age >30 years, overweight/obesity, and a fami-
ly history of diabetes in first-degree relatives remained
associated with the risk of GDM. However, parity >1 and
multiple pregnancies were no longer significantly associ-
ated with GDM. In addition, maternal history of diabetes
(OR=3.98, 95% CI=2.16-5.6, p<0.001) was more posi-
tively associated with the risk of GDM than was paternal
history of diabetes (OR=2.54, 95% CI=1.38-4.67,
p=0.003).

DISCUSSION
This population-based study revealed that the prevalence
of GDM in Huangdao, Qingdao, China, was 21.8% from
January to July 2016. Factors such as maternal age >30
years, pre-pregnancy overweight/obesity, and a family
history of diabetes in first-degree relatives were associat-
ed with GDM. This is the first study to analyze the preva-
lence and associated risk factors for GDM in Huangdao.
As the IADPSG guidelines use only one abnormal val-
ue to diagnose GDM, its prevalence is expected to signif-
icantly increase from 5%—6% to 15%-20%." By contrast,

two studies have reported that the prevalence of
IADPSG-criteria-defined GDM was 14.7% during 2004—
2009 (n=14593) and 18.9% (n=25674) during 2005-
2012."*1° However, both studies were conducted at the
Peking University First Hospital, which is a tertiary care
institution that treats patients with a high medical risk or
high socioeconomic status. Because of the potential bias,
the results are hardly representative of the general preg-
nant female population. A prospective cohort study re-
ported that the prevalence of GDM was 9.3% (n=18589)
in Tianjin from 2010 to 2012."* The prevalence observed
in our study is higher than that in other studies. This may
be attributed to the decision of the Communist Party of
China Central Committee and State Council to implement
a comprehensive two-child policy at the start of 2016.
Several large prospective studies have reported the fol-
lowing risk factors for GDM: advanced age, higher pre-
pregnancy BMI, Han nationality, higher systolic blood
pressure, education level, a family history of diabetes,
previous history of GDM, weight gain during pregnancy,
habitual smoking, a history of recurrent vulvovaginal
candidiasis, residency in south China, and a history of
spontaneous abortion.'”'®"® Our results are consistent
with those of previous studies. Furthermore, we identified
that a maternal history of diabetes (OR=3.98, 95%
CI=2.16-5.6, p<0.001) was more positively associated
with the risk of GDM than was a paternal history of dia-
betes (OR=2.54, 95% CI=1.38-4.67, p=0.003). Zhang
reported that maternal diabetes heredity was more posi-
tively associated with the risk of GDM than was patrilin-
eal diabetes heredity;'® these findings are consistent with
our results. However education level was not a independ-
ent risk factor in our study. We think there are differences
between China and western country in economic devel-

Table 2. Univariable odds ratios for potential risk factors of GDM

Parameter OR 95% CI p-value
Age at registration, year

<25 Reference

25-29 1.61 0.882-2.95 0.12

30-34 3.09 1.68-5.67 <0.001

>35 8.18 4.37-15.7 <0.001
BMI

<18.5 0.292 0.169-0.503 0.210

18.5-23.99 Reference

24-27.99 2.92 2.18-3.90 <0.001

>28 124 7.14-21.4 <0.001
Number of pregnancies:

1 Reference

2 2.10 1.60-2.75 <0.001

>3 3.24 2.36-4.44 <0.001
Parity

0 Reference

1 2.69 2.11-3.43 <0.001

>2 2.59 1.28-5.26 0.008
Father of diabetes 3.32 1.97-5.6 <0.001
Mather of diabetes 4.47 2.89-6.94 <0.001
Level of education

Primary Reference

Secondary and High school 0 0 0.999

College school and above 0 0 0.999

BMI: body mass index; GDM: gestational diabetes mellitus.

p values and 95% Cls of ORs were adjusted for multiple comparisons through the Ryan-Holm step-down Bonferroni procedure.
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Table 3. A comparison of the characteristics of those who had and had not heard of coeliac disease (n=90)

Parameter OR 95% CI p-value
Age at registration, year

<25 Reference

25-29 1.62 0.847-3.11 0.145

30-34 2.29 1.16-4.5 0.016

>35 4.88 2.38-10 <0.001
BMI

<18.5 0.381 0.22-0.67 0.321

18.5-23.99 Reference

24-27.99 2.44 1.78-3.34 <0.001

>28 10.9 6.00-19.6 <0.001
Number of pregnancies:

1 Reference

2 1.14 0.754-1.71 0.545

>3 1.35 0.823-2.2 0.237
Parity

0 Reference

1 1.34 0.886-2.01 0.167

>2 0.934 0.371-2.35 0.885
Father of diabetes 2.54 1.38-4.67 0.003
Mather of diabetes 3.6 2.16-5.98 <0.001

BMI: body mass index; GDM: gestational diabetes mellitus.

Variables adjusted in the multivariable analysis include the variables listed in the model.
p values and 95% Cls of ORs were adjusted for multiple comparisons through the Ryan—Holm step-down Bonferroni procedure.

opment stage. And education levels are unclear in
Huangdao district.

Advanced age (>35 years) was significantly associated
with GDM (OR=4.89, 95% CI=2.38-10, p<0.001). This
finding is related to the implementation of the universal
two-child policy, which is expected to result in more
pregnant and lying-in women, especially those of ad-
vanced age.”’

The GDM prevalence varies worldwide and even with-
in a country’s population, depending on the racial and
ethical composition of the residents. One limitation of our
study is that it is a local and regional study. Therefore,
potential bias may have occurred, rendering the study
population less representative of the general pregnant
female population. Despite this limitation, this study does
indicate the prevalence of and risk factors for GDM in
Huangdao. Our innovative is the study based on the latest
diagnostic criteria to investigation in Qingdao for gesta-
tional diabetes mellitus. After implementation two-child
policy, it is the first time to study the prevalence of gesta-
tional diabetes in China.

In 2015, the American Diabetes Association published
criteria for the diagnosis and management of GDM. Ac-
cordingly, all pregnant women should be screened for
gestational diabetes at 24—28 gestational weeks. Further-
more, women with GDM should first receive diet and
exercise therapy and, if required, drug therapy.”' Vice
Minister Wang Pei’an has committed that the government
will strengthen maternal and child health care by improv-
ing the training of technicians.” Because the risk of de-
veloping GDM in subsequent pregnancies and overt dia-
betes in later life is high, regular assessment of these
women is required in the future. We have set up the peri-
natal nutrition metabolism in obstetric outpatient service
for pregnant women to provide professional nutritional
guidance during pregnancy and help them control reason-
able growth weight during pregnancy in order to reduce

the prevalence of gestational diabetes mellitus. Lifestyle
interventions should be offered to women with a history
of GDM who develop prediabetes.'®*****" Additional
studies on the prevention and management of GDM are
warranted.
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