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Abstract

Objective: To explore the predictive value of prepregnancy body mass index (pBMI) and early

gestational fasting blood glucose (eFBG) in gestational diabetes mellitus (GDM).

Methods: This case–control study enrolled pregnant women at 6 to 16 weeks of gestation.

The pBMI, eFBG and glycosylated haemoglobin (HbA1c) was recorded in the first trimester of

pregnancy. Receiver-operating characteristic (ROC) curve analysis was used to measure the

efficacy of factors that predict GDM.

Results: A total of 2119 pregnant women were enrolled in this study. Of these, 386 were

diagnosed with GDM and 1733 did not have GDM. The age (odds ratio [OR] 1.16; 95% confi-

dence interval [CI] 1.13, 1.20), pBMI (OR 1.12; 95% CI 1.07, 1.17) and eFBG (OR 5.37; 95% CI

3.93, 7.34) were independent risk factors for GDM occurrence. The areas under the ROC curve

of eFBG, pBMI and eFBGþ pBMI were 0.68 (95% credibility interval 0.65, 0.71), 0.66

(95% credibility interval 0.63, 0.69) and 0.71 (95% credibility interval 0.69, 0.74), respectively.

The area under the curve of eFBGþ pBMI was significantly higher than that of eFBG or pBMI alone.

Conclusion: The combination of eFBG and pBMI had a high predictive value for GDM.
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Introduction

In gestational diabetes mellitus (GDM), dif-

ferent levels of glucose metabolism occur

during pregnancy, but blood sugar levels

do not reach those of type 2 diabetes melli-

tus.1 The incidence of GDM varies from

1Department of Endocrinology, The Second Affiliated

Hospital of Soochow University, Suzhou, Jiangsu Province,

China
2Department of Endocrinology, The Kunshan Hospital

Affiliated with Jiangsu University, Suzhou, Jiangsu Province,

China

*These authors contributed equally to this work.

Corresponding author:

Shao Zhong, Department of Endocrinology, The Kunshan

Hospital Affiliated with Jiangsu University, 91 Qianjin West

Road, Suzhou 215300, Jiangsu Province, China.

Email: drzhong@163.com

Journal of International Medical Research

48(4) 1–7

! The Author(s) 2019

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0300060519889199

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0001-9935-6194
mailto:drzhong@163.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060519889199
journals.sagepub.com/home/imr


2% to 25% of pregnant women, depending
on demographic characteristics.2,3 Recent
studies have reported that the incidence of
GDM is increasing annually.3 Some studies
have shown that GDM is associated with
short- and long-term adverse events such
as macrosomia, eclampsia, polyhydramnios
and spontaneous abortion.4 In addition, the
risk of type 2 diabetes mellitus in pregnant
women with GDM and their offspring also
increases significantly.5 During the early
stage of pregnancy, women with a high
risk of GDM are prescribed diet, exercise
and medication that can significantly
reduce the incidence of GDM and related
undesirable outcomes.6 This current study
explored the predictive value of prepreg-
nancy body mass index (pBMI) and early
gestational fasting blood glucose (eFBG)
for providing a theoretical basis for the
early management of pregnant women at
high risk for GDM. The aim is to find a
model that can predict GDM in early preg-
nancy or before pregnancy.

Patients and methods

Patient population

This case–control study enrolled consecutive
pregnant women, at 6 to 16 weeks of gesta-
tion, in the Department of Endocrinology,
The Kunshan Hospital Affiliated with
Jiangsu University, Suzhou, Jiangsu
Province, China between January 2015
and March 2017. The inclusion criteria
were as follows: (i) FBG and glycosylated
haemoglobin (HbA1c) values obtained at 6
to 16 weeks of gestation; (ii) oral glucose
tolerance test (OGTT; 75 g glucose) per-
formed at 24 to 28 weeks of gestation.
Exclusion criteria were as follows: (i) histo-
ry of type 1 or type 2 diabetes mellitus; (ii)
twin or multiple pregnancy; (iii) FBG at the
first antenatal care visit �7.0 mmol/l, FBG
from OGTT �7.0 mmol/l or plasma glucose
�11.1 mmol/l 2 h after a meal; (iv) diseases

such as hypertension and hyperthyroidism;
(v) incomplete medical history. According
to the American Diabetes Association’s cri-
teria for screening and diagnosis of pregnant
women who have not been diagnosed with
diabetes mellitus, the 75-g OGTT can be
used to screen for GDM at 24 to 28 weeks
of pregnancy.7 The diagnostic criteria were
as follows: FBG �5.1mmol/l, or plasma
glucose �10.0mmol/l 1 h after a meal, or
plasma glucose �8.5mmol/l 2 h after a
meal. According to the diagnostic criteria,
the patients were divided into a GDM
group and a non-GDM group.

This study was approved by the Ethics
Committee of The Kunshan Hospital
Affiliated with Jiangsu University, Suzhou,
Jiangsu Province, China (no. 2017-08-008-
K01). Written informed consent was pro-
vided by the pregnant women at the first
antenatal care visit.

Study methods

Demographic data including age, gestation-
al age, parity, BMI, systolic blood pressure,
diastolic blood pressure, past medical histo-
ry, obstetric history, pregnancy follow-up
data and pregnancy outcomes were retro-
spectively analysed using the Kunshan
Maternal and Child Health Registration
System. Height and weight were measured
using an electronic measuring instrument
and the mean values of the two measure-
ments were obtained. The BMI was calcu-
lated using height and weight (BMI¼
weight/height; kg/m2) measurements taken
at 6–16 weeks of pregnancy and it was
assumed that the weight of the pregnant
women would be similar to that before
pregnancy. HbA1c and FBG were measured
after an 8–10 h overnight fast. Pregnant
women provided whole blood samples in
hospital the day immediately after the first
antenatal care visit. Nurses collected blood
into a 1.5mg/ml ethylenediaminetetra-
acetic acid K2 anticoagulant tube and a
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nonanticoagulant tube. Whole blood was

tested for HbA1c immediately using an

automated glycosylated haemoglobin ana-

lyser (Tosoh Automated Glycohemoglobin

Analyzer HLC-723G8; Tosoh, Tokyo,

Japan). Blood samples collected in the non-

anticoagulant tube were used to produce

serum and were tested for FBG immediately

using a Roche E-170 automatic electroche-

miluminescence detector (Roche, Shanghai,

China) according to the manufacturer’s

instructions. At 24–28 weeks of gestation,

the 75-g OGTT was performed to measure

FBG, 1-h postprandial blood glucose and

2-h postprandial blood glucose.

Statistical analyses

All statistical analyses were performed

using IBM SPSS Statistics for Windows,

Version 19.0 (IBM Corp., Armonk, NY,

USA). Data are presented as mean� SD.

An independent-sample t-test was used to

compare the two groups. Logistic stepwise

regression was used for univariate analysis.

Significant variables (P< 0.05) were

included in the regression model to analyse
independent risk factors. Receiver-operating
characteristic (ROC) curve analysis was used
to measure the efficacy of factors that pre-
dict GDM. The area under the ROC curve
was analysed byMedCalc version18.2.1 soft-
ware (MedCalc Software, Ostend, Belgium).
A P-value< 0.05 was considered statistically
significant.

Results

A total of 2119 pregnant women, at 6 to
16 weeks gestation, were enrolled in this
study. According to the diagnostic criteria,
the patients were divided into a GDM
group (n¼ 386) and a non-GDM group
(n¼ 1733). As shown in Table 1, age,
number of previous gestations, number
of previous full-term pregnancies, pBMI,
systolic blood pressure, diastolic blood
pressure, mean arterial pressure (MAP)
and eFBG in the GDM group were all sig-
nificantly higher than those in the non-
GDM group (P< 0.05 for all comparisons).
No significant difference in the length of

Table 1. Clinical and demographic data of patients in the gestational diabetes mellitus group (GDM) and the
non-GDM group that participated in a study to develop a model that can predict GDM in early pregnancy or
before pregnancy.

Characteristic

GDM group

n¼ 386

Non-GDM group

n¼ 1733 t

Statistical

significancea

Age, years 29.89� 4.32 26.63� 4.27 13.57 P< 0.01

Number of previous gestations 2.54� 1.32 2.23� 1.14 4.29 P< 0.01

Number of previous

full-term pregnancies

1.68� 0.52 1.55� 0.53 4.33 P< 0.01

Length of pregnancy, days 81.08� 15.72 80.73� 16.26 0.39 NS

pBMI, kg/m2 22.80� 3.11 21.16� 2.67 9.60 P< 0.001

Systolic blood pressure, mmHg 116.83� 10.78 113.22� 10.73 5.98 P< 0.01

Diastolic blood pressure, mmHg 72.85� 8.20 71.34� 7.89 3.39 P< 0.01

MAP, mmHg 87.51� 8.26 85.30� 7.93 4.92 P< 0.01

eFBG, mmol/l 4.92� 0.46 4.61� 0.40 12.40 P< 0.01

HbA1c, % 5.17� 0.37 5.06� 1.07 1.94 NS

Data presented as mean� SD.
aBetween-group comparison; independent-sample t-test.

pBMI, prepregnancy body mass index; MAP, mean arterial pressure; eFBG, early gestational fasting blood glucose; HbA1c,

glycosylated haemoglobin; NS, no significant between-group difference (P� 0.05).
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pregnancy or HbA1c were found between
the two groups.

Systolic and diastolic blood pressure
values were excluded from the logistic
regression analysis due to a significant cor-
relation that was found between systolic
blood pressure and MAP (r¼ 0.85,
P< 0.05) and diastolic blood pressure and
MAP (r¼ 0.94, P< 0.05). Age, number of
previous gestations, number of previous
full-term pregnancies, pBMI, MAP and
eFBG were taken as independent variables
to conduct multiple logistic regression anal-
ysis. The results showed that age (odds ratio
[OR] 1.16; 95% confidence interval [CI]
1.13, 1.20), pBMI (OR 1.12; 95% CI 1.07,
1.17) and eFBG (OR 5.37; 95% CI 3.93,
7.34) were independent risk factors for
GDM (P< 0.01 for each factor; Table 2).

The results of the ROC curve analysis
showed that the areas under the ROC
curve for eFBG, pBMI and eFBGþpBMI
were 0.68 (95% credibility interval 0.65,
0.71), 0.66 (95% credibility interval 0.63,
0.69) and 0.71 (95% credibility interval
0.69, 0.74) (P< 0.01 for all analyses), respec-
tively (Table 3). Sensitivity for eFBG, pBMI
and eFBGþpBMI was 40.9%, 54.4% and
51.0%, respectively. Specificity for eFBG,
pBMI and eFBGþpBMI was 87.3%,
69.6% and 81.0%, respectively. The cut-off
value for eFBG, pBMI and eFBGþpBMI
was 5.05mmol/l, 22.25 kg/m2 and 6.99,
respectively. The combined prediction for-
mula was eFBG (mmol/l)þ pBMI (kg/m2)
*0.158/1.692. There was no significant differ-
ence in the area under the ROC curve for
eFBG and pBMI, but the area under the

Table 2. Multiple-factor logistic regression analysis of predictive risk factors for gestational diabetes
mellitus.

Covariant quantity OR

95% CI
Statistical

significanceaLower limit Upper limit

Age 1.16 1.13 1.20 P< 0.01

MAP 1.02 1.00 1.03 NS

Number of previous gestations 0.97 0.85 1.11 NS

Number of previous

full-term pregnancies

0.84 0.61 1.14 NS

eFBG 5.37 3.93 7.34 P< 0.01

pBMI 1.12 1.07 1.17 P< 0.01

OR, odds ratio; CI, confidence interval; MAP, mean arterial pressure; eFBG, early gestational fasting blood glucose; pBMI,

prepregnancy body mass index; NS, no significant association (P� 0.05).

Table 3. Receiver-operating characteristic (ROC) curve analysis of the efficacy of factors that predict
gestational diabetes mellitus.

Variable

Area under

the ROC

curve

Credibility interval

Statistical

significance Sensitivity, % Specificity, %

Lower

limit

Upper

limit

eFBG 0.68 0.65 0.71 P< 0.01 40.9 87.3

pBMI 0.66 0.63 0.69 P< 0.01 54.4 69.6

eFBGþ pBMI 0.71 0.69 0.74 P< 0.01 51.0 81.0

eFBG, early gestational fasting blood glucose; pBMI, prepregnancy body mass index.
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ROC curve for eFBGþ pBMI was signifi-
cantly higher than that of eFBG or pBMI
alone (P< 0.05).

Discussion

The two-step method (50-g glucose toler-
ance testþ 75-g glucose tolerance test) and
the one-step method (75-g glucose tolerance
test) are the most commonly used methods
for the diagnosis of GDM. However, these
methods are more complex, require more
blood and are expensive, especially in eco-
nomically underdeveloped areas. Thus, a
simple and economical method of early
diagnosis of GDM was the focus of the cur-
rent study and the results confirmed that
age, eFBG and pBMI were independent
risk factors for GDM.

In this current study, the mean�SD
age of the women in the GDM group was
29.89� 4.32 years, which was significantly
higher than that in the non-GDM group
(26.63� 4.27 years; P< 0.05). Age was
also an independent risk factor for GDM
(P< 0.05), similar to previous research.8

With an increase in age, the function of the
pancreatic islets gradually declines, and insu-
lin resistance progressively increases, thus
increasing the likelihood of GDM.8

Previous research has shown that the
incidence of GDM in pregnant women
with high BMI before pregnancy is signifi-
cantly increased,9 which is consistent with
the results of this present study. Obesity can
be caused by hyperinsulinaemia;10 and the
dual influence of chronic insulin resistance
in pregnant women with high BMI and
physiological insulin resistance in late preg-
nancy is the cause of the increase in the
incidence of GDM in pregnant women
with high BMI.11

This study found that there was no sig-
nificant difference in HbA1c level between
the GDM and non-GDM groups, so
HbA1c was not an independent predictor
of GDM. A previous study reported that

when the threshold of HbA1c was 5.5%,
the sensitivity was 82.1%.12 Fifteen out of
90 women (16.7%) below the threshold
were false negatives.12 In high-risk pregnan-
cies, when the threshold was 7.5%, the spe-
cificity of GDM was 95.8%.12 Fifteen out
of 21 patients (71.4%) were false posi-
tives.12 Under any acceptable threshold of
HbA1c, the false positive rate is still high,
and it is necessary to confirm OGTT for too
many healthy women. Therefore, similar to
the current results, HBA1c levels in early
pregnancy could not be used to screen
for GDM.

This current study found the area under
the combined ROC curve for eFBGþpBMI
was significantly higher than that for eFBG
or pBMI alone (P< 0.05), indicating that
the pBMIþ eFBG combined diagnosis
had a higher predictive value for GDM as
well as better specificity. A previous study
found that the FBG level in pregnant
women with GDM rises during early preg-
nancy, and when FBG is between 4.44 and
4.72 mmol/l, the sensitivity for predicting
GDM is 75% to 55% and the specificity is
52% to 75%; whereas when BMI is between
25 and 28 kg/m2, the sensitivity for predict-
ing GDM is 60% to 40% and the specificity
is 72% to 86%, and the area under the
curve is similar.13 These results were similar
to the data in this current study.

This study had a number of limitations.
A previous study found that the serum
levels of sex hormone-binding globulin,
homeostasis model assessment, low-density
lipoprotein cholesterol and triglycerides
in early pregnancy were important indepen-
dent risk factors for GDM.14 However, this
current study did not include total choles-
terol, low-density lipoprotein cholesterol
and triglycerides in early pregnancy. Blood
lipid assessment will be incorporated into
future studies in order to improve the pre-
dictive model for GDM. In addition, future
research will establish prediction models
for high-risk and low-risk groups according
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to BMI, family history of diabetes
mellitus, history of hypertension, history

of hyperlipidaemia and number of previous

pregnancies.
In conclusion, age, pBMI and eFBG

were independent risk factors for GDM;

of which pBMI and eFBG were useful for
GDM prediction. The combined prediction

model, eFBG (mmol/l)þpBMI (kg/m2)
*0.158/1.692, had a higher predictive value

than either pBMI or eFBG alone.

Author contributions

Y.P. and S.Z. conceived and designed the experi-

ments. Y.P. conducted the experiments. Y.P.

and S.Z. analysed the results. Y.P. and J.H

drafted the manuscript. All authors participated

in the discussion of the results and reviewed the

manuscript.

Declaration of conflicting interest

The authors declare that there are no conflicts of

interest.

Funding

This study was supported by grants from Suzhou

Key Clinical Disease Diagnosis and Treatment

Technology of Special Project (no. LCZX201620),

Jiangsu University Clinical Medicine Science

and Technology Development Fund (no.

JLY20160063) and Jiangsu Province Maternal

and Child Health Research Project (no.

F201720).

ORCID iD

Ying Pan https://orcid.org/0000-0001-9935-

6194

References

1. Sullivan BA, Henderson ST and Davis JM.

Gestational diabetes. J Am Pharm Assoc

(Wash) 1998; 38: 364–371.
2. Hartling L, Dryden DM, Guthrie A, et al.

Benefits and harms of treating gestational

diabetes mellitus: a systematic review and

meta-analysis for the U.S. Preventive

Services Task Force and the National

Institutes of Health Office of Medical

Applications of Research. Ann Intern Med

2013; 159: 123–129.
3. Werner EF, Pettker CM, Zuckerwise L,

et al. Screening for gestational diabetes mel-

litus: are the criteria proposed by the

International Association of the Diabetes

and Pregnancy Study Groups cost-effective?.

Diabetes Care 2012; 35: 529–535.
4. Ij€as H, Koivunen S, Raudaskoski T, et al.

Independent and concomitant associations

of gestational diabetes and maternal obesity

to perinatal outcome: A register-based

study. PLoS One 2019; 14: e0221549.
5. Blotsky AL, Rahme E, Dahhou M, et al.

Gestational diabetes associated with incident

diabetes in childhood and youth: a retro-

spective cohort study. CMAJ 2019; 191:

E410–E417.
6. Ray JG, Berger H, Lipscombe LL, et al.

Gestational prediabetes: a new term for

early prevention? Indian J Med Res 2010;

132: 251–255.
7. American Diabetes Association.

Classification and diagnosis of diabetes.

Diabetes Care 2015; 38: S8–S16.
8. Hosseini E, Janghorbani M and

Aminorroaya A. Incidence, risk factors,

and pregnancy outcomes of gestational dia-

betes mellitus using one-step versus two-step

diagnostic approaches: a population-based

cohort study in Isfahan, Iran. Diabetes Res

Clin Pract 2018; 140: 288–294.
9. National Institutes of Health consensus

development conference statement: diagnos-

ing gestational diabetes mellitus, March 4-6,

2013. Obstet Gynecol 2013; 122: 358–369.
10. Thomas DD, Corkey BE, Istfan NW, et al.

Hyperinsulinemia: An Early Indicator of

Metabolic Dysfunction. J Endocr Soc 2019;

3: 1727–1747.
11. Fan Y, Li W, Liu H, et al. Effects of obesity

and a history of gestational diabetes on the

risk of postpartum diabetes and hyperglyce-

mia in Chinese women: Obesity, GDM and

diabetes risk. Diabetes Res Clin Pract 2019;

156: 107828.

6 Journal of International Medical Research

https://orcid.org/0000-0001-9935-6194
https://orcid.org/0000-0001-9935-6194
https://orcid.org/0000-0001-9935-6194


12. Agarwall MM, Dhatt GS, Punnose J, et al.
Gestational diabetes: a reappraisal of
HBA1c as a screening test. Acta Obstet

Gynecol Scand 2005; 84: 1159–1163.
13. Riskin-Mashiah S, Damti A, Younes G,

et al. First trimester fasting hyperglycemia
as a predictor for the development of

gestational diabetes mellitus. Eur J Obstet

Gynecol Reprod Biol 2010; 152: 163–167.
14. Kumru P, Arisoy R, Erdogdu E, et al.

Prediction of gestational diabetes mellitus
at first trimester in low-risk pregnancies.
Taiwan J Obstet Gynecol 2016; 55: 815–820.

Pan et al. 7


	table-fn1-0300060519889199
	table-fn2-0300060519889199
	table-fn3-0300060519889199
	table-fn4-0300060519889199
	table-fn5-0300060519889199

