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Abstract
Objective: To explore the main risk factors of gestational diabetes mellitus in Wuhan, China.

Methods: 206 women with gestational diabetes mellitus who were diagnosed in Hubei Maternal and Child Health Hospital between January 2014 and December
2015 were selected as case group. Meanwhile, 286 healthy pregnant women, who were delivered at the same time, were selected as control group. Maternal age,
occupation, race/ethnicity, gestation status, and family history, etc. were obtained from the face-to-face interviews as well as their medical records. Univariate logistic
regression analysis and multivariate logistic regression analysis were conducted to explore the risk factors.

Results: The factors included into multivariate logistic regression model were maternal age, menarche age, history of menstrual cycle disorder, spontaneous abortion
frequency, maternal history of diabetes, and paternal history of diabetes. The Odds Ratios (95%CI) were 1.50 (1.14~2.04), 0. 36 (0.16~0.84), 3.85 (1. 59~9. 36),
3.00 (1.56~5.77), 3.89 (1.15~13.17) and 6.54 (2.42~17.69), respectively.

Conclusion: The risk factors of gestational diabetes mellitus were advanced maternal age, history of menstrual cycle disorder, spontaneous abortion frequency,

maternal history of diabetes, and paternal history of diabetes, while advanced menarche age was a protective factor for gestational diabetes mellitus.

Introduction

Gestational diabetes mellitus (GDM), defined as carbohydrate
intolerance at onset of pregnancy (or first recognition), affects about
4-7% of pregnancies overall [1-5]. A lot of researches (Kim, 2002;
Metzger, et al., 2008) indicate that women with GDM have increased
risk for perinatal morbidity [6,7] and a considerably elevated risk of
impaired toleranceand Type 2 diabetes in the years after pregnancy [8,9].
Hillier, et al. (2007) has reported that children of women with GDM are
more likely to be obese and suffer from impaired glucose tolerance and
diabetes in childhood and early adulthood [8]. In addition, findings
from in vivo and animal studies demonstrated that hyperglycemia
during pregnancy had an adverse impact on embryogenesis as early as
the preimplantation stages of development [10,11]. Collectively, these
data highlight the significance of understanding risk factors for GDM
and preventing GDM among high-risk populations.

Recent data show that GDM prevalence has increased by 10-
100% in several race/ethnicity groups during the past 20 years [1].
Unquestionably, there are ethnic differences in the prevalence of GDM
[12-16]. In USA, Asians, Native Americans, Hispanics, and African
American women are at higher risk for GDM than non-Hispanic white
women [12-14]. In Australia, GDM prevalence has been reported
(Beischer, 1991) to be higher in women whose country of birth is
China or India than in women whose country of birth is in Europe
or Northern Africa [15]. In Europe, GDM has been found to be more
common among Asian women than among European women [16].

In conclusion, it is critical to find out the risk factors of Asian
women to allocate appropriate resources to perinatal management
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and postpartum diabetes prevention strategies. However, there were
only a few studies reporting the prevalence and risk factors of GDM
in China [17, 18]. Of particular note, the studies towards the central
and western regions of China were lacked. As is well known, Wuhan
is the largest metropolis in central China. Moreover, it is an important
scientific education base of China. The total number of college students
and graduate students has reached 107.26 million by the end of 2013.
Therefore, we conducted this study to explore the risk factors of GDM
in Wuhan, in order to allocate appropriate resources to perinatal
management and postpartum diabetes prevention strategies, so as to
improve the physical quality of the whole population.

Materials and methods
Diagnostic criteria

According to the new criteria [19] by International Association
of Diabetes and Pregnancy Study Groups (IADPSG), each woman
at 24~28 gestational week was evaluated with the 75-g oral glucose
tolerance test (OGTT): fasting glucose~5.1 mmol/l, 1-h~10 mmol/l,
or 2-h~8.5 mmol/l. If any one of the above three indicators of the
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pregnant woman reached or exceeded the critical value, she was
diagnosed as GDM.

Selection of case group and control group

A total of 206 women with gestational diabetes mellitus who were
diagnosed in Hubei Maternal and Child Health Hospital between
January 2014 and December 2015 were selected as case group. Women
with preexisting diabetes were excluded. Meanwhile, 286 healthy
women without GDM who were delivered at the same time as the
case group were selected as control group. The women in control
group were neither with GDM nor with gestational impaired glucose
tolerance. Similarly, women with preexisting diabetes were excluded
too. Informed consents were obtained from all the participants.

Data collection and analysis

Face-to-face interviews were conducted in the in-patients settings
in the above mentioned hospital. Interviewers were trained in survey
and mental assessment methods. The same interviewer interviewed
both cases and the matched controls to reduce information bias.
Information on demographic characteristics (ethnicity, residence,
and occupation), marital and reproductive history, medical history,
and family history of GDM was ascertained directly from the subjects.
In the meantime, we checked their medical records to ensure the
information was consistent.

The collected information was uniformly coded and input into
database with Epidata 3.1. All analyses were conducted using SPSS
version 16.0. All data was presented as mean + standard deviation (SD)
and analyzed by Student t tests (for continuous data) and x*tests (for
categorical data) to assess differences between the case and control
groups. Univariate and multivariate logistic regression were used to
compute odds ratio (OR) and 95% confidence intervals (CI). As the
major objectives of our analysis was to identify a set of risk factors
independently associated with the risk for GDM, explanatory variables
that were associated with GDM in the univariate analyses were selected
for inclusion in multivariate regression models. All tests of statistical
significance were two sided, and statistical significance was defined at
the a= 0.05 level.

Results

Demographic characteristics of the case group and control group
were showed in Table 1. The average age of case group and control
group was 30.76+4.30 and 28.87+3.77 years old, respectively. All the
participants were native Chinese and were married. There were no
statistical differences between case group and control group concerning
race, domicile place, occupational status (Ps>0. 05).

We used univariate logistic regression analysis to screen potential
risk factors of GDM. Table 2 presented that there were statistical
differences concerning menarche age, menstrual cycle disorder history,
parity, spontaneous abortion history, spontaneous abortion frequency,
family history of diabetes, first pregnancy age, and pregnancy age
this time between case group and control group (Ps<<0. 05). On the
contrary, the two groups had no statistical differences with regard
to gravidity, induced abortion history, hypertension history, family
history of malignant tumors (Ps>0. 05).

Furthermore, we conducted multivariate logistic regression analysis
on the variables that were statistically different in the univariate logistic
regression analysis.

The factors finally brought into the model were pregnancy age this
time, menarche age, menstrual cycle disorder history, spontaneous
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Table 1. Demographic characteristics of the case group and control group

Variables N (%) | Case (n=206) | Control(n=286) 72 values P values
Age (years)
21? 20(9.71%) 30(10.49%)
25? 62(30.10%) 150(52.45%)
30? 82(39.81%) 82(28.67%)
35? 42(20.39%) 24(8.39%)
15.628 0.001
Race
Han 204(99.03%) 286(100.0%)
Others 2(0.97%) 0(0.00%)
1.39 0.238
Domicile place
City 174(84.47%) 236(82.52%)
Countryside 32(15.53%) 50(17.48%)
0.17 0.69
Occupational
status
Worker/Farmer | 30(14.56%) 20(6.99%)
Service staff 36(17.47%) 58(20.28%)
Adm‘;fg WVE | 5h(2504%) | 74(25.87%)
Scientific/
technical 50(24.27%) 82(28.67%)
personnel
Others 38(18.46%) 52(18.19%)
4.06 0.397

abortion frequency, maternal history of diabetes and paternal history
of diabetes, as shown in Table 3. The Odds Ratios (95%CI) were 1.50
(1.14~2.04) , 0.36 (0.16~0.84), 3.85 (1.59~9.36) , 3.00 (1.56~5.77),
3.89 (1.15~13.17) and 6.54 (2.42~17.69), respectively.

Discussions

The etiology of GDM is multi-source, which is the reciprocal action
of genetic factors and social environmental factors. In our study, we
found that advanced maternal age, maternal history of diabetes and
paternal history of diabetes were strongly associated with an elevated
risk of GDM, with OR (95% CI) at 1.50 (1.14~2.04), 3.89 (1. 15~13.17)
and 6.54 (2.42~17.69), respectively. This finding was consistent with
previous studies [17,18]. In addition, spontaneous abortion frequency
and history of menstrual cycle disorder were significantly associated
with an elevated GDM risk. On the contrary, advanced menarche age
might be a protective factor for GDM.

The association of a history of spontaneous abortion with GDM
risk has not been widely studied. Our findings presented a positive
association of impaired glucose tolerance in pregnancy with a history
of spontaneous abortion or recurrent spontaneous abortion. Moreover,
for gestational women, the risk of suffering from GDM would elevate
as the spontaneous abortion frequency increase (OR 3.00; 95%CI 1.56
~5.77). We speculated that such an association was at least in part
because of common risk factors or shared pathological mechanisms of
spontaneous abortion and GDM. For instance, in a cohort study (Tian,
2007) of Chinese women undergoing infertility treatment, insulin
resistance, which was a key component of the pathogenesis of GDM,
was a strong independent risk factor of spontaneous abortion [20]. The
underlying biological mechanisms for such an association, however,
are still unclear and warrant further investigations.

Multivariate logistic regression analysis revealed that a history of
irregular menses was a risk factor for the onset of GDM, and the OR
value was 3. 99 (95% CI 1. 64 ~ 9. 64). The results were consistent with
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Table 2. Univariate logistic regression analysis of risk factors to GDM

Variables N (%) | Case(n=206) | Control(n=286) 72 values P values*
Age (years old)
11?14 186(90. 29) 234(81. 82)
714 20(9.71) 52(18.18)
6.761 0.009
Menstrual cycle
disorder history
No 176(85.44) 272(95.10)
Yes 30(14.56) 14(4.90)
13.745 0.0002
Parity
0 148(71.84) 238(83.22)
1? 58(28.16) 48(16.78)
9.162 0.0025
spontaneous
abortion history
No 166(80.58) 270(94.41)
Yes 40(19.42) 16(5.59)
22.684 20.001
spontaneous
abortion
frequency
0 166(80.58) 270(94.40)
172 36(17.48) 12(4.20)
3? 4(1.94) 4(1.40)
24.446 20.001
Family history
of diabetes
No 158(76.70) 272(95.10)
Yes 48(23.30) 14(4.90)
36.834 20.001
First pregnancy
age(years old)
20? 42(20.39) 58(20.28)
25? 74(35.92) 152(53.15)
30? 68(33.01) 68(23.78)
35? 22(10.68) 8(2.80)
23.63 20.001
Pregnancy age
this time(years
old)
20? 20(9.71) 30(10.49)
25? 62(30.10) 150(52.45)
30? 82(39.81) 82(28.67)
35? 42(20.39) 24(8.39)
31.257 20.001

GDM: gestational diabetes mellitus; *All the factors in this table were statistical different
(P values<0.05)

Table 3. Multivariate logistic regression analysis of risk factors to GDM

Risk factors ? SE | ?2values | Pvalues | OR | 95%CI
Pregnancy age this time 042 0.18 5.59 0.018 1.5 | 1.1422.04
Menarche age -0.5 1 0.25 3.99 0.046 | 0.36  0.1670.84
Menstrual cycle disorder history | 0.68 | 0.27 6.25 0.012 | 3.85 | 1.5979.36
Spontaneous abortion frequency | 1.1 | 0.4 7.65 0.006 3 1.5625.77

Maternal history of diabetes 0.68 | 0.37 3.35 0.067 | 3.89 | 1.15?13.17
Paternal history of diabetes 094 03 9.62 0.002 | 6.54  2.42?17.69

GDM: Gestational Diabetes Mellitus; OR: Odds Ratio; CI: Confidence Intervals

the findings of the study of Haver et al. in 2003 [21], but inconsistent
with some studies in mainland. The formation of the menstrual
cycle depends on the neuroendocrine function coordination under
hypothalamic - pituitary - ovarian axis. The estrogen and progestin
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secreted by ovary directly affect the menstrual cycle. Patients with
menstrual cycle disorders have long been exposed to the effects of
irregular secretions of estrogen and progesterone, which may affect
the occurrence of GDM. Besides, maternal polycystic ovary syndrome
(PCOS), including menstrual dysfunction, infertility, hirsutism,
acne, obesity, and metabolic syndrome, have been reported to have
an established increased risk of developing type 2 diabetes and an
increased risk of hyperinsulinemia, insulin resistance, dyslipidemia
and glucose intolerance [22, 23]. We hypothesized that irregular
menstrual cycles could be an effective, albeit imperfect, marker for
GDM because of its routine documentation on prenatal history forms
and its probable association with PCOS. We did not, however, quantify
the number of bleeding episodes as some pregnant women could
not recall the precise information of menstrual cycle. Nevertheless,
we believe a history of irregular cycles before pregnancy may be a
predictor for GDM that is independent of other traditional risk factors.
If a limited screening approach for GDM ever gains widespread
support, we suggest that women with irregular cycles be tested for
GDM. Additionally, prospective studies should be considered to assess
the value of screening these women for GDM in early pregnancy.

Furthermore, our study indicated that advanced menarche age was
a protective factor for GDM. In a cohort study conducted by Lakshman
et al. (2008), they found that earlier age at menarche is associated with
increased risk of type 2 diabetes. The current finding, an association
between earlier menarche and adult diabetes that was attenuated by
adult BMI, might therefore be indicative of a risk pathway beginning
with rapid infant weight gain and continuing with childhood-onset of
overweight and obesity, and adult obesity. Alternatively, earlier rate
of pubertal development might itself lead to differences in adiposity
during adolescence and adulthood. With the development of society
and economy in China, the age at menarche of girls has decreased
steadily and it is unclear whether the secular trend in menarche age
coincides with increasing rates of diabetes.

In our study, we have tried to reduce sampling bias by selecting
control group who delivered at the same time and lived in the same
room with the case group, and by making an initial contact with
participants in the obstetric ward so that losses and refusals were
reduced to a minimum. To reduce reporting and measurement bias,
we adopted face-to-face interviewing as well as extracting from medical
records, so as to make sure the information was consistent. However,
our study has some limitations. First, the study was conducted in
hospital. Although our hospital own the most deliveries in Hubei
province, the selection bias may still exist. Second, the participants
were asked to recall previous history, the recall bias might exist, though
we adopted several methods to obtain information to minimize the
bias. We will conduct prospective study to further identify these risk
factors in future.

Conclusion

In summary, our study provides convincing evidence that advanced
maternal age, family history of diabetes are strongly associated with an
elevated risk for GDM in Wuhan city of China. In addition, history of
spontaneous abortion, menstrual cycle disorder and earlier menarche
onset appeared to be novel risk factors of GDM among these Chinese
women. By ascertaining history of the above-mentioned factors, it
may be possible to identify women with increased risk of pregnant
gestational diabetes, in order to allocate appropriate resources to
perinatal management and postpartum diabetes prevention strategies.
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