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reduce the number of pregnant women undergoing oral glucose tolerance testing by 25%.
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ABSTRACT
Objective: To assess potential risk factors in identifying women at risk for gestational

diabetes mellitus (GDM).

Methods: The present study included data collected as part of a prospective cohort
study, and included women with singleton pregnancies who underwent initial
prenatal examination at a tertiary women and children’s hospital in Guangzhou,
China between February 1, 2012, and December 31, 2015. Maternal characteristics
and medical history were investigated to evaluate associations with GDM. A risk
factor scoring system for the prediction of GDM was generated using logistic

regression.

Results: Overall, 1129 (13.5%) of 8381 women were diagnosed with GDM. Women
older than 35 years had a 3.95-fold increased risk of GDM (95% confidence interval
2.80-5.58) compared with women aged 16-25 years; obese women had a 6.54-fold
higher risk (95% confidence interval 3.50-12.23) compared with underweight
women. A risk scoring system was established based on age, body mass index,
family history of diabetes, weight gain, and history of GDM. Screening for women
with a score of 12 or more would have reduced the number undergoing oral glucose
tolerance testing by 2131 (25.4%) patients with a sensitivity of 87% for GDM

detection.

Conclusion: The assessment of risk factors for GDM could provide a foundation for

improving risk-based screening strategies in this and similar populations.
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1 INTRODUCTION

Gestational diabetes mellitus (GDM) is a form of glucose intolerance that first occurs
or is first recognized during pregnancy, and the estimated prevalence of GDM
ranges from less than 1% to 28% [1]. This variation arises from different degrees of
glucose intolerance among the populations studied and from inconsistencies in

screening methods and diagnostic criteria [2].

The International Association of the Diabetes and Pregnancy Study Group (IADPSG)
[3] has recommended universal screening for GDM. WHO adopted these guidelines
in 2013 [4]; however, the expert committee acknowledged that such screening is not

always feasible, particularly in resource-limited contexts.

In China, rapid urbanization and economic growth have had unprecedented effects
on the health of individuals, including a rise in the proportion of adults with non-
communicable diseases such as diabetes [5] and an increase in the prevalence of
obesity [6]. The rapid development in China has been accompanied by growing
economic inequalities [7], and the large population makes any universal project very
resource-intensive. A better understanding of the risk factors associated with GDM
may therefore enable selective risk-factor-based screening that can decrease the
burden on hospital resources while maximizing the chances of diagnosing GDM for

early treatment and glucose management.

Many factors have been found to increase the risk of GDM, including non-white
ethnicity, higher body mass index (BMI, calculated as weight in kilograms divided by

the square of height in meters), older age, physical inactivity, polycystic ovary
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syndrome, high blood pressure, family history of diabetes, and history of GDM or
delivery of a macrosomic infant during previous pregnancies. However, the relative
importance and interaction of risk factors can differ between Asian women and other
racial or ethnic groups [8-10]. Identifying the most important factors predicting GDM
at a population level could aid in the primary prevention of GDM, highlighting major

modifiable risk factors that are locally relevant.

The aim of the present study was to identify risk factors for GDM and assess the
predictive capabilities of these risk factors in the contemporary Chinese urban

population from the Born in Guangzhou Cohort Study.

2 MATERIALS AND METHODS

The data used in the present secondary analysis study were collected as part of the
Born in Guangzhou Cohort Study [11], a prospective cohort study conducted at
Guangzhou Women and Children’s Medical Center, which is a tertiary women and
children’s hospital in Guangzhou, China; the details have been described previously
[11]. Eligible participants for the present analysis were women with a singleton
pregnancy who had an initial prenatal examination between February 1, 2012, and
December 31, 2015. Women were excluded if they had already had diabetes prior to
the pregnancy, had completed the initial clinic visit before 14 weeks of pregnancy or
after 20 weeks of pregnancy, had their oral glucose tolerance test (OGTT) outside of
the time frame specified below, or had missing or abnormal values for the glucose
level or other covariates. Written consent was obtained at recruitment. The study
protocol was approved by the Institutional Ethics Approval Board of Guangzhou

Women and Children’s Medical Center.
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Information on maternal age, pre-pregnancy weight, height, family history of
diabetes, parity, history of chronic hypertension, history of GDM and macrosomia
during previous pregnancies, family income, and maternal education level were
extracted from the questionnaire at recruitment. The BMI was calculated and
patients were classified using the categories recommended by WHO: underweight
(<18.5), normal weight (18.5-24.9), overweight (25.0-29.9), and obese (=30.0). The
weight gain during early pregnancy was calculated as the difference between the
measured weight at a 14—20-week prenatal visit and self-reported pre-pregnancy
weight; it was categorized using the 2009 Institute of Medicine guidelines for weight
gain during pregnancy [12]. The pregnancy duration was determined by

ultrasonography examination during the first trimester.

The primary outcome for the present study was a diagnosis of GDM made on the
basis of a 75-g OGTT and using the IADPSG criteria [3]. According to the IADPSG,
at least one of the following criteria needs to be fulfilled for a GDM diagnosis: fasting
plasma glucose, 5.1 mmol/L or more; 1-hour glucose level, 10.0 mmol/L or more; or
2-hour glucose level, 8.5 mmol/L or more. The OGTTs were performed at 24—28
weeks of pregnancy. Blood samples were drawn before (fasting), 1 hour after, and 2
hours after the 75-g glucose load, and were collected in NaF/EDTA tubes, and

analyzed using an AU5800 automatic analyzer (Beckman Coulter, Brea, CA, USA).

In the statistical analysis, the x? test (categorical covariates) and the two-sample t
test (continuous covariates) were used to determine significant differences between
the GDM group and the non-GDM group. Univariate analysis was performed using

unadjusted logistic regression to assess the association of each potential risk factor
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with GDM. Variables with significant univariate associations with GDM were used in
building the multivariate model by step-wise addition of covariates and a likelihood
ratio test. Variables with a significant contribution by the likelihood ratio test were
maintained in the multivariate model. For all analyses, an a priori adjustment was
made for the pregnancy duration at the time of OGTT testing by including this
variable as a covariate. The glucose levels as binary outcomes for each OGTT time

point were analyzed by logistic regression.

To assess the usefulness of risk factors to predict GDM, a risk-factor-based scoring
system was developed. For each factor, a weight was obtained by multiplying the (-
coefficient from the multivariate logistic regression model by 10 and then rounding it
to the nearest integer [13]. The risk score for each participant was then calculated by
multiplying the weight and the value for each factor and adding up the individual
scores to obtain the total score. The performance of this scoring system for the
prediction of GDM was evaluated by calculating the sensitivity, specificity, and
positive and negative predictive values and their 95% confidence intervals (CIs) at
different risk score cutoffs. The area under the receiver operating characteristic curve
(AUC) was used to evaluate the discriminative performance of the model. A literature
review identified six previously published prognostic models [14—-19]. These were
applied to the present cohort, and the performances and scoring systems of the
published and present models were then compared. Logistic recalibration was used

to achieve a fair comparison of the published models [20].
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The performance of the scoring system was further examined using the
INTERGROWTH-21st standards for weight gain during pregnancy [21]. A validation
analysis of the present model was performed using data from participants enrolled
between January 1 and June 30, 2016, with the same inclusion and exclusion

criteria.

All analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA)
and R version 3.2.4 (R Foundation for Statistical Computing, Vienna, Austria).

P<0.05 was considered statistically significant.

3 RESULTS

Initially, 13 066 women with singleton pregnancies were enrolled during the study
period. After exclusions (25 women with pre-existing diabetes, 2918 women with
OGTT testing performed outside of the specified time frame, 1118 women with an
initial clinic visit outside of the specified pregnancy duration, and 624 women with
missing or abnormal values for the glucose level or other covariates), 8381 women
were included in the final analysis (Figure S1). The validation analysis included 1558

women.

In total, 1129 (13.5%) women had GDM according to the IADPSG criteria. At
baseline, the mean age of the participants was 29.0 + 3.3 years; the women were
generally lean with a mean pre-pregnancy BMI of 20.3 + 2.6, and the majority

(94.6%) had a pre-pregnancy BMI of less than 25 (Table 1 and Table S1).
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The strongest associations with GDM were observed for increasing age and pre-
pregnancy BMI (Table 2). When compared with women aged 25 years or younger,
there was an approximately 30% increase in the odds of GDM among women aged
26-30 years. The odds more than doubled among those aged 31-35 years and
nearly quadrupled in those aged over 35 years. A similar trend was demonstrated for
increasing BMI before pregnancy. Compared with women with a pre-pregnancy BMI
below 18.5, the odds of a GDM diagnosis was increased in those with a higher BMI,
with obese women being at the greatest risk. Women with a history of GDM in a
previous pregnancy had increased odds of a GDM diagnosis when compared with
multiparous women without a history of GDM. Excessive weight gain and family

history of diabetes were also associated with increased odds of GDM (Table 2).

Associations between the identified risk factors and a diagnosis of GDM, stratified by
each OGTT time point, are summarized in Table 3. These associations were similar
in direction to the overall GDM risks but varied in magnitude across the three OGTT
measures. The strongest predictor of a raised fasting plasma glucose level was the
pre-pregnancy BMI. Compared with women with a pre-pregnancy BMI of less than
18.5, overweight women had eight-fold increased odds and obese women had 15
times the odds of developing GDM. Excessive weight gain was also more strongly
associated with a high fasting plasma glucose level than with other OGTT values.
Maternal age was the strongest predictor of an abnormal 2-hour glucose level, with
women aged over 35 years having nearly eight times the odds of an abnormal 2-
hour glucose level compared with those aged 25 years or younger. A history of GDM

was more strongly associated with an abnormal 1-hour glucose level than with other
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OGTT values. An analysis of associations between risk factors and glucose levels

when assessed as continuous outcomes showed similar results (Table S2).

In the next step, six previously published prognostic models for GDM were applied to
the study cohort; these models were based on maternal age, weight or BMI, family
history of diabetes, and history of GDM. Three of the six models showed good

calibration (Figure 1).

The present scoring system was developed based on the same variables; weight
gain during pregnancy was added owing to this variable also being a significant risk
factor for a GDM diagnosis (Table 2). The prevalence of GDM increased with rising
risk scores, from 7.0% among women with a score of less than 10 to 47.1% among
those with a score of 30 or more. If this scoring system had been used as the
primary screening tool, screening for women with a score of 12 or more would have
reduced the number of women undergoing an OGTT by 25.4%, with a sensitivity of

86.5% and a specificity of 27.3% for the detection of GDM (Table 4).

The performance of the present scoring system in comparison with the performances
of three of the six published prognostic models with clinical scoring of risk factors is
shown in Figure 2. The AUC in the present derivation cohort was 0.639 (95%ClI
0.621-0.656), which was significantly higher than the AUCs derived for the three
published scoring models when applied to the present cohort (P<0.001). When
examining the performance of this scoring system using another standard for the

classification of weight gain during pregnancy, no significant difference was found in
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the performances regardless of whether the 2009 Institute of Medicine guidelines or

the INTERGROWTH-21st standards were used (Table S3, Figure S2).

In the validation cohort, applying a score of 12 or more identified 84.3% of the
women who developed GDM, with a specificity of 31.0%. The AUC in the validation

cohort was 0.649 (95% CI 0.605-0.692).

4 DISCUSSION

The strongest predictors of GDM in the present Chinese urban population were
advanced maternal age, increased pre-pregnancy BMI, family history of diabetes,
excessive weight gain during pregnancy, and history of GDM. The scoring system
developed on the basis of these risk factors had a moderate discriminative
performance for the prediction of GDM development. Of note, the scoring system
performed better than three previously published scoring models that used similar
risk predictors. Additionally, the present model included weight gain during
pregnancy as a potentially modifiable risk factor, which has rarely been considered in
previous prognostic models. The present results also indicated that different risk
factors were associated with different patterns of glucose handling anomalies. To
determine the relevance of this scoring system for clinical practice and the
management of glycemic control in women with GDM during pregnancy, the

correlation with pregnancy and longer-term outcomes should be evaluated.

A strength of the present study was the large sample of women from a contemporary
urban population. Detailed questionnaires with minimal missing values and universal

screening for GDM in accordance with the IADPSG guidelines enabled a robust
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analysis. There were several limitations of the present study. First, the single-hospital
sample may be not representative of all Chinese populations; however, the
similarities in genetic constitution, anthropometry including BMI [22], and life styles
among Southeast Asian populations imply that the present results could be
generalizable to other similar populations. Second, potential bias from the self-
reported pre-pregnancy weight and height used to calculate the BMl is
acknowledged because women who are overweight tend to underreport their weight
[23]. Given that this self-reported value was also used in calculating the weight gain
during pregnancy, women who underestimated their pre-pregnancy weight would
have displayed a larger weight gain; this could have falsely increased the association
between weight gain and GDM. However, in practice it is rarely possible to obtain an
accurate measurement of pre-pregnancy weight in pregnancy research. Finally,
there could be some residual confounding in the present study because the analysis
did not include information on the history of polycystic ovary syndrome and physical

activities during early pregnancy.

In the present study, important novel findings are reported for a risk factor scoring
system for identifying women most at risk of GDM in a Chinese population. Though
the present cohort displays risk factors similar to those identified previously [20], the
relationship of these risks to GDM among a southern Chinese population in a quickly
developing urban region has not been widely studied; the demographics of the
present population, including the low mean BMI, reinforce the need for population-
specific approaches to assessing and treating GDM. The high percentage of GDM
diagnoses captured by these risk factors and the similarities in the receiver operating

characteristic curves between the validation and derivation cohorts are promising
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indicators of the capabilities of such a screening approach. Application of a GDM risk
score of 12 or more, which demonstrated a sensitivity of 87% and a specificity of
27%, in the present population would have resulted in approximately 25% fewer
women undergoing an OGTT, which could have economic and efficiency benefits.
Balanced against this advantage are the risks of missing 13% of GDM diagnoses,
and of these women and their infants potentially experiencing adverse events
secondary to GDM. Selective screening helps to reduce the burden of tests
administered and to save medical resources, which is particularly important in
resource-limited settings. In the USA, women with increasing degrees of some risk
factors, such as obesity, experience more diabetes-associated adverse events [24].
Further investigation into the outcomes for the 13% of women with a relatively low
risk score who would have been “missed” by selective screening would help to

evaluate whether this represents a group of women with a milder phenotype of GDM.

To prevent GDM, potentially modifiable risk factors in pregnancy ideally need to be
identified and assessed to determine whether the association is causal. In the
present study, weight gain during pregnancy was identified as such a potentially
modifiable factor. Although excessive weight gain during pregnancy has previously
been associated with the risk of GDM [25], the present study provided—to our
knowledge—the first quantification using an internationally valid standard. Women
with excessive weight gain by 14-20 weeks of pregnancy had increased odds of a
GDM diagnosis. Excessive early weight gain was associated with a 50% and 40%
increase in the odds of GDM diagnosis when compared with inadequate and
expected early weight gain, respectively. To determine whether this association is

causal, further work is needed to explore this risk factor in more depth.
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In conclusion, GDM is a common adverse event of pregnancy in Guangzhou,
affecting one in eight pregnant women in the present study. Here, a simple and
stable risk-factor-based screening strategy is presented that could easily be
implemented and, with improvement, be applied in clinical practice to targeted OGTT
testing. Further correlation with clinical outcomes during and after pregnancy is
needed to understand the health and economic impact that a risk-based screening

approach would have in this and similar populations.
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Figure S1 Born in Guangzhou Cohort Study participants included in the current study.
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Table S1 Baseline characteristics of all participants.

Table S2 Associations between risk factors and continuous glucose levels.

Table S3 Associations between risk factors and diagnosis of gestational diabetes mellitus

using the INTERGROWTH-21st standards for weight gain during pregnancy [21].
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Table 1 Baseline characteristics. #

Characteristics GDM group Non-GDM group P value
(n=1129) (n=7252)
Maternal age, y 30.1+3.6 28.8+3.2 <0.001
Categorized maternal age, y <0.001
16-25 88 (7.8) 930 (12.8)
26-30 579 (51.3) 4388 (60.5)
31-35 376 (33.3) 1708 (23.6)
36-49 86 (7.6) 226 (3.1)
BMI before pregnancy 21.12 £2.99 20.19 £ 2.55 <0.001
Categorized BMI ° <0.001
<18.5 196 (17.4) 1957 (27.0)
218.5 and <25 817 (72.4) 4961 (68.4)
225 and <30 96 (8.5) 309 (4.3)
=230 20 (1.8) 25 (0.3)
Family history of diabetes mellitus 166 (14.7) 676 (9.3) <0.001
History of chronic hypertension 0 4(0.1) 0.430
Early weight gain during pregnancy, 3.29+3.15 291+298 <0.001
kg
Categorized weight gain © <0.001
Inadequate 466 (41.3) 3350 (46.2)
Adequate 385 (34.1) 2620 (36.1)
Excessive 278 (24.6) 1282 (17.7)
History of GDM <0.001
Nulliparous 1005 (89.0) 6480 (89.4)
Multiparous without history of GDM 108 (9.6) 740 (10.2)
Multiparous with history of GDM 16 (1.4) 32(0.4)
History of macrosomia 0.843
Nulliparous 1005 (89.0) 6480 (89.4)
Multiparous without history of 116 (10.3) 713 (9.8)
macrosomia
Multiparous with history of 8 (0.7) 59 (0.8)
macrosomia
Fetal sex 0.242
Male 465 (41.2) 2854 (39.4)
Female 664 (58.8) 4398 (60.6)
Maternal education 0.378
High school and below 84 (7.4) 609 (8.4)
Vocational/technical college 284 (25.2) 1784 (24.6)
Undergraduate 631 (55.9) 3928 (54.2)
Postgraduate 130 (11.5) 931 (12.8)
Family income 0.891
<4500 RMB 31(2.7) 199 (2.7)
4501-9000 RMB 174 (15.4) 1202 (16.6)
9001-35,000 RMB 707 (62.6) 4458 (61.5)
>35,000 RMB 184 (16.3) 1169 (16.1)
Refused to answer 33 (2.9) 224 (3.1)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of
height in meters; GDM, gestational diabetes mellitus.

% Values are given as mean + SD or number (percentage).
® WHO cutoff points used for the BMI categories.

°Using the weight gain categories defined by the Institute of Medicine [12].
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Table 2 Association between risk factors and GDM diagnosis.

Risk factor OR (95% CI) aOR (95% CI) ® B-coefficient  Score
Maternal age, y
16-25 1.00 1.00 — 0
26-30 1.39 (1.11-1.77) 1.34 (1.06-1.70) 0.29 3
31-35 2.33(1.83-2.99) 2.23(1.73-2.87) 0.80 8
36-49 4.02 (2.89-5.60) 3.95 (2.80-5.58) 1.37 14
Categorized BMI °
<18.5 1.00 1.00 0
>218.5 and <25 1.64 (1.40-1.94) 1.48 (1.26-1.75) 0.39 4
=225 and <30 3.10 (2.36-4.07) 2.60 (1.96-3.43) 0.95 10
=30 8.00 (4.36-14.66) 6.54 (3.50-12.23) 1.88 19
Family history of diabetes
mellitus
No 1.00 1.00 — 0
Yes 1.68 (1.40-2.01)  1.51(1.25-1.82) 0.41 4
}:Neight gain during pregnancy
Inadequate 1.00 1.00 — 0
Adequate 1.06 (0.91-1.22) 1.06 (0.91-1.23) 0.06 1
Excessive 1.56 (1.33-1.83) 1.49 (1.26-1.76) 0.40 4
History of GDM
Multiparous without history of 1.00 1.00 — 0
GDM
Nulliparous 1.06 (0.86-1.31) 1.58 (1.26-1.99) 0.46 5
Multiparous with history of 3.43 (1.82-6.45) 3.20 (1.67-6.13) 1.16 12

GDM

Abbreviations: aOR, adjusted odds ratio; BMI, body mass index (calculated as weight in kilograms

divided by the square of height in meters); Cl, confidence interval; GDM, gestational diabetes mellitus;

OR, odds ratio.

& Adjusted for all variables in this table and the pregnancy duration at the date of oral glucose

tolerance testing.

® WHO cutoff points used for the BMI categories.

°Using the weight gain categories defined by the Institute of Medicine [12].
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Table 3 Associations between risk factors and abnormal glucose levels. ab

Risk factor Abnormal FPG Abnormal 1-hour glucose Abnormal 2-hour glucose
value value value
Maternal age, y
16-25 1.00 1.00 1.00

26-30
31-35
36-49
Categorized BMI °
<18.5
218.5 and <25
225 and <30
=230
Family history of
diabetes mellitus
No
Yes
Weight gain during
pregnancy ¢
Inadequate
Adequate
Excessive
History of
gestational
diabetes mellitus
Multiparous
without history of
GDM
Nulliparous
Multiparous with
history of GDM

0.89 (0.58—1.37)
1.67 (1.06-2.61)
2.42 (1.31-4.46)

1.00

3.55 (2.26-5.60)
8.04 (4.58-14.14)
15.09 (5.85-38.95)

1.00
1.48 (1.05-2.09)

1.00
1.22 (0.91-1.64)
2.00 (1.48-2.71)

1.00

1.64 (1.06-2.53)
0.59 (0.08-4.50)

1.20 (0.90-1.61)
1.97 (1.44-2.68)
2.93 (1.92-4.50)

1.00

1.54 (1.24-1.91)
2.70 (1.92-3.79)
8.83 (4.58-17.00)

1.00
1.69 (1.35-2.11)

1.00
1.11 (0.92-1.34)
1.68 (1.37-2.05)

1.00

1.73 (1.29-2.32)
4.32 (2.10-8.89)

2.07 (1.45-2.96)
3.58 (2.47-5.17)
7.95 (5.09-12.41)

1.00

1.19 (0.97-1.45)
2.34 (1.69-3.25)
4.49 (2.34-9.01)

1.00
1.80 (1.45-2.24)

1.00
0.89 (0.74-1.06)
1.06 (0.86-1.30)

1.00

1.48 (1.13-1.94)
2.33 (1.09-4.96)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of
height in meters); ClI, confidence interval; FPG, fasting plasma glucose; OR, odds ratio.

% Values are given as adjusted odds ratio (95% confidence interval). The odds ratios were adjusted for
all variables in this table and the pregnancy duration at the date of oral glucose tolerance testing.

® Abnormal FPG value: 25.1 mmol/L; abnormal 1-hour glucose value: 210.0 mmol/L; abnormal 2-hour
glucose value: 28.5 mmol/L.

¢ WHO cutoff points used for the BMI categories.

d Using the weight gain categories defined by the Institute of Medicine [12].
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Table 4 Performance of the risk factor scoring system for the prediction of gestational diabetes
mellitus at selected cutoff values (n=8381).

Cutoff No. of patients Sensitivity Specificity Positive Negative

value of who would (95% CI), %  (95% Cl), %  predictive value  predictive value

risk score  undergo OGTT ® (95% CI), % (95% CI), %

9 7259 (86.6) 92.8 (91.3— 14.4 (13.6— 14.4 (13.6-15.3) 92.8 (91.3-94.3)
94.3) 15.2)

10 6480 (77.3) 88.2 (86.3— 24.4 (23.4— 15.4 (14.5-16.3) 93.0(91.9-94.2)
90.1) 25.4)

11 6290 (75.1) 87.0 (85.0— 26.8 (25.8— 15.6 (14.7-16.5) 93.0 (91.9-94.1)
88.9) 27.8)

12 6250 (74.6) 86.5 (84.6— 27.3 (26.3— 15.6 (14.7-16.5) 92.9 (91.8-94.0)
88.5) 28.3)

13 4616 (55.1) 71.2 (68.6— 47.4 (46.3— 17.4 (16.3-18.5) 91.4 (90.5-92.3)
73.9) 48.6)

14 3108 (37.1) 54.5(51.6—  65.6 (64.5—-  19.8(18.4-21.2) 90.3(89.5-91.1)
57.4) 66.7)

15 2981 (35.6) 52.9 (50.0— 67.1 (66.0— 20.0 (18.6-21.4) 90.1 (89.4-90.9)
55.8) 68.2)

Abbreviations: CI, confidence interval; OGTT, oral glucose tolerance test.

% Values are given as number (percentage).
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