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Maternal hepatitis B surface antigen
carrier status increased the incidence
of gestational diabetes mellitus
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Abstract

Background: The relationship between chronic hepatitis B virus (HBV) infection with gestational diabetes mellitus
(GDM) remains unclear. This study aimed to identify the association between maternal HBsAg-positive status and
GDM.

Methods: A retrospective cohort study was performed on the pregnant women who delivered from June 2012
to May 2016 at Wuhan Medical Care Center for Women and Children, Wuhan, China. We compared the incidence
of GDM between HBsAg-positive pregnant women and HBsAg-negative controls. A multivariate regression model
was used to measure the independent association between maternal HBsAg carrier and the risk of developing
GDM.

Results: In total, 964 HBsAg-positive pregnant women and 964 HBsAg-negative women were included into the
study. We observed maternal HBsAg carrier (OR 1.47, 95% CI 1.06–2.03), age (OR 1.05, 95% CI 1.00–1.10) and
family history of diabetes (OR 3.97, 95% CI 2.05–7.67) had an independent risk for GDM in multivariable
logistical regression model. However, no significant association was found between HBeAg carrier status, other
HBV markers or viral load in pregnancy and the incidence of GDM.

Conclusions: Our results indicated that maternal HBsAg carriage is an independent risk factor for GDM, but
viral activity indicated by HBeAg status and viral load is not the main reason for this phenomenon. Further
studies are warranted to clarify the possible mechanisms behind such association of HBV infection and the
additional risk of GDM.
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Background
Hepatitis B virus (HBV) infection is a major public
health problem worldwide [1, 2]. With approximately 2
billion HBV-infected individuals around the world, more
than 350 million persons have chronic HBV infection
[3]. The global prevalence of HBV infection varies widely
[4, 5]. However, the majority of hepatitis B infection pa-
tients live in Asia and Africa [6]. China is a highly en-
demic region, almost one third of chronic HBV carriers
can be found there. The third national serological survey
in 2006 shows that the hepatitis B surface antigen

(HBsAg) positivity rate of Chinese aged 1–59 years is
7.18% [7]. Consequently, up to 10% of pregnant women
are identified as chronic hepatitis B carrier in the screen-
ing for HBsAg status during the antenatal checkup,
resulting in persistent HBV transmission [8, 9].
At present, a few studies have reported that HBV in-

fection indicated by positive HBsAg status had a direct
impact on pregnancy outcomes, such as threatened pre-
term labor, preterm birth, low birthweight, macrosomia,
antepartum hemorrhage, pregnancy-induced hyperten-
sion [10–14]. However, the underlying mechanisms be-
hind these associations have not yet been elucidated. As
for the relationship between maternal HBsAg carrier
and gestational diabetes mellitus (GDM), it remains con-
troversial. Several studies have reported that chronic
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hepatitis B infection increased the risk of developing
GDM [11, 15–17], and this result was confirmed by a
latest study conducted by Lao et al. who performed a
case-control study with 214 cases and 204 controls [18].
However, a meta-analysis by Kong et al. demonstrated
that chronic hepatitis B surface antigenemia did not
exert an additional risk for GDM in general population
except Iranian [19]. Additionally, there are few studies
that examined the effects of HBeAg status and maternal
viral load in pregnancy on the development of GDM. In
2010, the new diagnostic criterion of GDM had been
proposed due to associations between maternal hyper-
glycemia and adverse pregnancy outcomes [20]. Consid-
ering the high prevalence of chronic hepatitis B infection
among pregnant women in China, it is extremely crucial
to clarify whether or not HBsAg carrier status is associ-
ated with the risk of GDM.
Based on above, the objective of our study is not only

to identify the correlation between HBsAg carrier and
GDM, but also explore whether HBeAg status and ma-
ternal viral load in the third trimester are associated with
an increased risk of GDM among HBsAg-positive preg-
nant women.

Methods
Study population
In the present study, the two groups of pregnant women
including HBsAg-positive and HBsAg-negative mothers
were recruited. HBsAg-positive pregnant women were
from a pre-conception cohort in Wuhan which was de-
signed to study the risk factors of HBV maternal-fetal
transmission. HBsAg-positive pregnant women older

than 20 who delivered from June 2012 to May 2016 were
invited to participate in the cohort at Wuhan Medical
Care Center for Women and Children, Wuhan, China.
All HBsAg-positive women with singleton pregnancy
and the complete results of oral glucose tolerance test
(OGTT), who did not have current and previous medical
complications (including HCV, HIV and Treponema pal-
lidum infection), were assigned to HBsAg-positive
group. A total of 964 HBsAg-positive women were eli-
gible for the study (Fig. 1). Using the same criteria men-
tioned, the subjects of HBsAg-negative group were
randomly chosen from electronic databases during the
study period.
The present study was approved by the Institutional

Review Board of Tongji Medical College, Huazhong Uni-
versity of Science and Technology. The written informed
consent of all subjects had been obtained before partici-
pating the study.

Data collection and samples collection
The clinical records of the two groups were retrieved for
data extraction. The demographic information, including
age, height, prenatal weight, parity, history of abortion,
ABO blood type, family history of diabetes, and OGTT
results were obtained from clinical records. We
adopted the IADPSG criterion to diagnose GDM, that
is, the pregnant women were diagnosed with GDM
during 24th -28th weeks of gestation when their
OGTT results exceeded the following glucose values:
fasting plasma glucose level > 5.1 mmol/L and/or 1-h
plasma glucose level > 10 mmol/L and/or 2-h plasma
glucose level > 8.5 mmol/L.

Fig. 1 Flow chart of HBsAg-positive mothers selection. Abbreviations: HBsAg, hepatitisB surface antigen; OGTT, oral glucose tolerance test; HIV,
human immunodeficiency virus; HCV, hepatitis C virus; TP, treponema pallidum
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For all HBsAg-positive women, a venous blood sample
had been collected in the third trimester once informed
consent had been obtained. Blood samples were used to
examine anti-HBsAg, HBeAg, anti-HBeAg, anti-HBcAg
status and maternal viral load. Serum HBV markers were
tested by enzyme-linked immune sorbent assay (Kehua
Biotechnology, Shanghai, China). The hepatitis B viral
load was quantified by fluorescence quantitative poly-
merase chain reaction (FQ-PCR) (Da’an Gene Co. Ltd.,
Sun Yat-Sen University, Guangdong, China). All proce-
dures were performed strictly following the manufac-
turer’s instructions.

Statistical analysis
In univariate analyses, continuous variables were ana-
lyzed by Student’s t-tests and categorical data were com-
pared by chi-square tests. Stratified analyses were used
to identify confounders and effect modifiers, and the
Breslow-Day test was used to assess the homogeneity of
the odds ratios (ORs) for HBsAg carriage across each
stratum of risk factors. Odds ratios and 95% confidence
intervals (CIs) were estimated using multivariable logis-
tical regression to measure the association between ma-
ternal HBsAg status and GDM. The variables were
chosen according to their statistical and clinical rele-
vance. The stepwise (Wald) method was used in the
multivariate logistic regression analysis. Statistical sig-
nificance was assessed at the 5% level (two-tail test). All
analyses were performed using SPSS software version
18.0 (SPSS, Chicago, IL, USA).

Results
A total of 964 HBsAg-positive women and 964
HBsAg-negative women, according with the inclusion
criteria, were enrolled during June 2012 to May 2016. In
this study, the highest proportion of missing data is 4.8%
for prenatal BMI, and the missing proportion of age,
prenatal weight, height, parity, ABO type, history of
abortion and family history of diabetes were 0.6, 4.2, 2.8,
0.5, 1.5, 2.4 and 3.7%, respectively. Because the missing
rates are small, we did not perform an additional process
for the missing data. The maternal characteristics of the
study population and the incidence of GDM are pre-
sented in Table 1. Compared with HBsAg-negative
mothers, HBsAg-positive women had a significantly
higher age, proportion of multiparas and history of abor-
tion. But there was no significant difference in prenatal
weight, height, or calculated body mass index (BMI) be-
tween mothers in HBsAg-positive group and those in
HBsAg-negative group. Neither the distribution of ABO
blood types nor family history of diabetes showed statis-
tical difference in the two groups.
The present study found that HBsAg carriers were

more likely to suffer from GDM as compared to

HBsAg-negative women (16.5% vs 10.5%, P < 0.001,
Table 1). To determine the interactions between each of
known factors affecting the development of GDM and
maternal HBsAg status, stratified analyses by HBsAg sta-
tus were performed according to each of these factors,
i.e. age ≥ or < 35 years, nullipara or multipara, the pres-
ence or absence of family history of diabetes, with or
without history of abortion. As shown in Table 2, posi-
tive HBsAg status was associated with an increased risk
of GDM in women aged < 35 years, having no family his-
tory of diabetes, with an odds ratio of 1.60(95% CI 1.19–
2.15) and 1.73(95% CI 1.27–2.23), respectively. Regard-
less of the parity and the status of history of abortion,
positive HBsAg status exerted an additional risk for
GDM and the differences reached statistical significance.
However, when we used the Breslow-Day test to assess
the homogeneity of the ORs for HBsAg carriage across
each stratum of risk factors, no significant difference
was seen in these stratification factors.
In univariate analyses, age and HBsAg carriage were

associated with the increased incidence of GDM, with
an OR value of 1.08(95% CI 1.04–1.11) and 1.67(95% CI
1.27–2.23), respectively. Family history of diabetes (OR
4.60, 95% CI 2.60–8.14) and history of abortion (OR
1.38, 95% CI 1.05–1.81) increased the incidence of
GDM. But there was no significant difference in terms
of parity and prenatal BMI between the mothers with
GDM and those without. To determine whether HBsAg
carriage was an independent risk factor for GDM, multi-
variable logistic regression analysis was performed,

Table 1 Maternal characteristics and incidence of GDM with
respect to maternal HBsAg status

Characteristics HBsAg status P-value

Positive (964) Negative (964)

Age (years) 29.17 ± 4.02 28.26 ± 3.25 < 0.001

Age ≥35 years (%)a 11.5 5.0 < 0.001

Prenatal weight (kg) 70.56 ± 9.31 70.29 ± 10.14 0.587

Height (cm) 161.40 ± 4.60 161.24 + 4.69 0.488

Prenatal BMI (kg/m2) 27.08 ± 3.35 27.01 ± 3.59 0.710

BMI ≥ 28 kg/m2 (%) a 31.1 29.9 0.570

Multiparas (%) a 20.0 13.8 0.001

ABO type (%) a 0.624

A 32.7 32.5

B 26.0 27.8

O 32.3 30.0

AB 9.0 9.7

History of abortion (%) a 41.3 34.4 0.003

Family history of diabetes (%) a 2.7 3.2 0.553

GDM (%) a 16.5 10.5 < 0.001

Abbreviation: BMI Body mass index, GDM Gestational diabetes mellitus
aChi-square test for categorical variables
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adjusting for the confounding effects of other factors
that were also found to be significantly different between
the two groups (age, parity, history of abortion) or con-
sidered as classical risk factors of GDM in previous
study (prenatal BMI, family history of diabetes). Age,
prenatal BMI, parity as continuous variables and history
of abortion, family history of diabetes as categorical vari-
ables were included in the multivariable logistic regres-
sion analysis. After adjustment for these associated
covariates, a significant association of maternal HBsAg
carriage with the increased risk of GDM was observed
(OR 1.47, 95% CI 1.06–2.03) (Table 3). Simultaneously,
significant associations between age as well as family his-
tory of diabetes and the increased risk of GDM were de-
tected. However, there was no significant association
between the risk for GDM and other factors including
prenatal BMI, parity, history of abortion.
In the multivariable logistic regression analysis, the as-

sociation between HBsAg carriage and the risk of GDM
remained significant after adjustment for other covari-
ates. Further analysis was performed to explore whether
other HBV markers and maternal viral load were associ-
ated with the risk of GDM among HBsAg-positive preg-
nant women. As a result, no significant relationship was
observed between HBeAg status and incidence of GDM
among HBsAg carriers (data shown in Additional file 1:
Tables S1). Similarly, the various antibodies to HBsAg,

HBeAg, HBcAg, did not show any significant association
with the incidence of GDM. Among HBsAg-positive
pregnant women, the distribution of viral load in third
trimester were not significantly different in women with
and without GDM.

Discussion
Our study found an independent effect of maternal
HBsAg carriage on GDM, and noted pregnant women
with HBV infection had an increased risk of GDM, con-
firming the findings of a previous study [15]. When ma-
ternal age was taken into account, maternal HBV
infection increased the risk of GDM in the mothers
younger than 35 years of age, similar to that exerted on
pregnant women without family history of diabetes.
When parity or history of abortion was examined,
HBsAg carriage increased the risk of GDM in nullipar-
ous or multiparous women, and similar results could be
obtained in the women with or without history of abor-
tion. Despite of no significant difference in Breslow-Day
test, it can be speculated that there were interactions be-
tween maternal HBsAg carriage and other maternal fac-
tors, which resulted in various risk for GDM in pregnant
women. The results of this study showed that the risk of
GDM heightened with the increase of age. Additionally,
our study also indicated that the incidence of GDM

Table 2 Incidence of GDM with respect to HBsAg status in pregnant women, stratified by risk factors

Factors GDM (%) P-value OR 95% CI P-Value a

HBsAg+ HBsAg-

Age < 35 years 15.5 10.3 0.002 1.60 1.19–2.15 0.758

Age≥ 35 years 24.3 14.6 0.198 1.88 0.71–4.94

Nullipara 15.4 10.8 0.009 1.51 1.11–2.05 0.125

Multipara 21.4 8.8 0.005 2.80 1.34–5.84

Family history of diabetes 46.2 34.6 0.397 1.62 0.53–4.95 0.911

No family history of diabetes 15.7 9.7 < 0.001 1.73 1.27–2.23

History of abortion 18.8 12.8 0.035 1.59 1.03–2.44 0.811

No history of abortion 14.8 9.3 0.005 1.70 1.17–2.47

Abbreviation: GDM Gestational diabetes mellitus, OR Odds ratio, CI Confidence interval
aP-values for interaction effect between each risk factor and HBsAg status on GDM

Table 3 Univariate and multivariate logistic regression analyses of factors related to GDM

Variable Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Age 1.08 (1.04–1.11) < 0.001 1.05 (1.00–1.10) 0.044

Prenatal BMI 1.02 (0.97–1.06) 0.448 1.00 (0.96–1.05) 0.948

Parity 1.30 (0.93–1.82) 0.122 1.08 (0.71–1.65) 0.717

HBsAg 1.67 (1.27–2.23) < 0.001 1.47 (1.06–2.03) 0.021

Family history of diabetes 4.60 (2.60–8.14) < 0.001 3.97 (2.05–7.67) < 0.001

History of abortion 1.38 (1.05–1.81) 0.019 1.27 (0.91–1.76) 0.159

Abbreviation: OR Odds ratio, CI Confidence interval
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increased in the pregnancy women with higher age or
family history of diabetes, implying that increasing age
and genetic factor were the important contributors to
the development of GDM [21].
In the few published studies regarding the effects of

HBV infection on pregnancy outcomes, some reported a
positive association between HBV infection and the risk of
GDM [11, 15–18]. Among them, several retrospective
studies done by Lao et al. suggested HBsAg carrier was
significantly associated with gestational diabetes mellitus
[15, 16]. Our present study demonstrated HBsAg-positive
pregnant women were more likely to suffer from GDM
(OR 1.43, 95%CI 1.01–2.02) compared with HBsAg-
negative mothers. However, this result was contradicted
by many others, which supported the hypothesis that
women with HBV infection did not have extra risk for
GDM [12–14, 22]. This inconsistent result could be re-
lated to ethnic difference. Because the prevalence of HBV
infection and genetic background differ in various ethnic
groups [23, 24]. This may affect the actual association of
HBsAg carriage and the risk of GDM. Additionally, the
present study adopted the IADPSG criterion, and then
more pregnant women were diagnosed with GDM.
Although some researchers noticed the correlation be-

tween HBV infection and GDM, and attempted to clarify
the intrinsic links, the potential mechanism for this asso-
ciation is unclear. In addition, as shown in our study,
different degree of viral activity indicated by HBeAg sta-
tus and viral load in pregnancy could not explain the
higher risk of GDM in HBV-infected women. Several
previous reviews and reports established that the patho-
genesis of GDM was related to insulin resistance associ-
ated with the chronic inflammatory state [25, 26]. In
addition to the effects of the pregnancy itself, the factors
involved in the inflammatory state were elevated levels
of pro-inflammatory cytokines such as IL-2, IL-6, IL-10,
and tumor necrosis factor-alpha (TNF-a), which can be
accounted for by chronic HBV infection [27]. Second,
some patients with HBV infection developed into liver
fibrosis or cirrhosis, which has been identified as a cause
of insulin resistance and glucose intolerance [28]. Third
possible mechanism is the increased iron status caused
by chronic HBV infection facilitates the development of
GDM [16]. The main reason is that excess iron can
affect insulin synthesis and secretion, facilitate oxidation
of lipids and liver mediated insulin resistance [29, 30].
The strengths of the present study include the large

number of subjects and the use of multivariable logistic
regression analysis for adjusting potential confounding
variables. Additionally, this study comprehensively ex-
plore the associations between HBV markers, viral load
in pregnancy and GDM despite no statistically signifi-
cant difference presented. However, the limitations of
our study is also unavoidable. The first and most obvious

limitation is that our study is a retrospective study that
proved a positive correlation between HBsAg carrierage
and GDM. But its capability of etiological inferences is
limited. Therefore a large-scale prospective study on this
causal relationship is needed. Second, we have only the
data of prenatal maternal weight, and the pre-gravid ma-
ternal weight was missing in this study. Thereby we
could not calculate the BMI before conception despite
of its impact on the development of GDM. This might
affect the authenticity of our results to a certain extent.

Conclusion
HBV infection can lightly increase the incidence of
GDM and viral activity may not be the main reason gen-
erating this phenomenon. In view of unknown patho-
physiologic mechanism of GDM and high prevalence of
HBV infection in certain regions, further research in this
area should obviously be needed to explain our present
epidemiological observation.

Additional file

Additional file 1: Table S1. The association between HBV markers,
maternal viral load and GDM in HBsAg-positive pregnant women.
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Abbreviations
BMI: Body mass index; CI: Confidence interval; GDM: Gestational diabetes
mellitus; HBeAg: Hepatitis B envelope antigen; HBsAg: Hepatitis B surface
antigen; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human
immunodeficiency virus; IADPSG: International Association of Diabetes and
Pregnancy Study Groups; OGTT: Oral glucose tolerance test; OR: Odds ratio;
TP: Treponema pallidum

Acknowledgements
We are particularly grateful to subjects of this study. We also acknowledge
the staff in Wuhan Women and Children Medical and Healthcare Center,
Wuhan, China for their assistance.

Funding
This work was funded by the National Natural Science Foundation of China,
grant number (NSFC-81172678) and (NSFC-81573166). The funding body
plays no role in the design of the study and collection, analysis, and
interpretation of data and in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author Yukai Du on reasonable request.

Authors’ contributions
All authors contributed significantly to this work. SP collected the data, did
the statistical analysis, and drafted the initial manuscript. ZW and XL helped
design the study, collected the data. XL assisted with data collection, revised
the manuscript. YD designed the study, directed the statistical analysis, and
reviewed the manuscript. All the authors listed have seen and approved the
contents of the submitted manuscript. All the authors have agreed to be
accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately
investigated and resolved.

Ethics approval and consent to participate
The present study was approved by the Institutional Review Board of Tongji
Medical College, Huazhong University of Science and Technology. Written

Peng et al. BMC Infectious Diseases          (2019) 19:147 Page 5 of 6

https://doi.org/10.1186/s12879-019-3749-1


informed consent of all subjects had been obtained before participating the
study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Received: 8 March 2018 Accepted: 28 January 2019

References
1. Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. Estimations of

worldwide prevalence of chronic hepatitis B virus infection: a systematic
review of data published between 1965 and 2013. Lancet. 2015;386(10003):
1546–55.

2. Chen DS. Hepatitis B vaccination: the key towards elimination and
eradication of hepatitis B. J Hepatol. 2009;50(4):805–16.

3. Sarri G, Westby M, Bermingham S, Hill-Cawthorne G, Thomas H, Guideline
Development Group. Diagnosis and management of chronic hepatitis B in
children, young people, and adults: summary of NICE guidance. BMJ. 2013;
346:f3893.

4. Liu J, Zhang S, Wang Q, Shen H, Zhang M, Zhang Y, Yan D, Liu M.
Seroepidemiology of hepatitis B virus infection in 2 million men aged 21–
49 years in rural China: a population-based, cross-sectional study. Lancet
Infect Dis. 2016;16(1):80–6.

5. Te HS, Jensen DM. Epidemiology of hepatitis B and C viruses: a global
overview. Clin Liver Dis. 2010;14(1):1–21.

6. Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global epidemiology of hepatitis
B virus infection: new estimates of age-specific HBsAg seroprevalence and
endemicity. Vaccine. 2012;30(12):2212–9.

7. Shen L, Wang F, Wang F, Cui F, Zhang S, Zheng H, Zhang Y, Liang X, Bi S.
Efficacy of yeast-derived recombinant hepatitis B vaccine after being used
for 12 years in highly endemic areas in China. Vaccine. 2012;30(47):6623–7.

8. Deng L, Li X, Shi Z, Jiang P, Chen D, Ma L. Maternal and perinatal outcome
in cases of fulminant viral hepatitis in late pregnancy. Int J Gynaecol Obstet.
2012;119(2):145–8.

9. Salemi JL, Whiteman VE, August EM, Chandler K, Mbah AK, Salihu HM.
Maternal hepatitis B and hepatitis C infection and neonatal neurological
outcomes. J Viral Hepat. 2014;21(11):e144–53.

10. Connell LE, Salihu HM, Salemi JL, August EM, Weldeselasse H, Mbah AK.
Maternal hepatitis B and hepatitis C carrier status and perinatal outcomes.
Liver Int. 2011;31(8):1163–70.

11. Tse KY, Ho LF, Lao T. The impact of maternal HBsAg carrier status on
pregnancy outcomes: a case-control study. J Hepatol. 2005;43(5):771–5.

12. Reddick KL, Jhaveri R, Gandhi M, James AH, Swamy GK. Pregnancy
outcomes associated with viral hepatitis. J Viral Hepat. 2011;18(7):e394–8.

13. Lao TT, Sahota DS, Suen SS, Law LW, Leung TY. Maternal HBsAg status and
infant size--a Faustian bargain? J Viral Hepat. 2012;19(7):519–24.

14. Lao TT, Sahota DS, Cheng YK, Law LW, Leung TY. Maternal hepatitis B
surface antigen status and incidence of pre-eclampsia. J Viral Hepat. 2013;
20(5):343–9.

15. Lao TT, Chan BC, Leung WC, Ho LF, Tse KY. Maternal hepatitis B infection
and gestational diabetes mellitus. J Hepatol. 2007;47(1):46–50.

16. Lao TT, Tse KY, Chan LY, Tam KF, Ho LF. HBsAg carrier status and the
association between gestational diabetes with increased serum ferritin
concentration in Chinese women. Diabetes Care. 2003;26(11):3011–6.

17. Sirilert S, Traisrisilp K, Sirivatanapa P, Tongsong T. Pregnancy outcomes
among chronic carriers of hepatitis B virus. Int J Gynaecol Obstet. 2014;
126(2):106–10.

18. Lao TT, Chung MK, Cheung TK, Law LW. Antenatal hepatitis B and increased
risk of gestational diabetes mellitus - implications for obstetric care. J Inf
Secur. 2016;72(5):625–6.

19. Kong D, Liu H, Wei S, Wang Y, Hu A, Han W, Zhao N, Lu Y, Zheng Y. A
meta-analysis of the association between gestational diabetes mellitus and
chronic hepatitis B infection during pregnancy. BMC Res Notes. 2014;7:139.

20. International Association of Diabetes and Pregnancy Study Groups
Consensus Panel, Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano
PA, Damm P, Dyer AR, Leiva A, et al. International association of diabetes
and pregnancy study groups recommendations on the diagnosis and
classification of hyperglycemia in pregnancy. Diabetes Care. 2010;33(3):676–82.

21. Retnakaran R, Connelly PW, Sermer M, Zinman B, Hanley AJ. The impact of
family history of diabetes on risk factors for gestational diabetes. Clin
Endocrinol. 2007;67(5):754–60.

22. Cui AM, Cheng XY, Shao JG, Li HB, Wang XL, Shen Y, Mao LJ, Zhang S, Liu
HY, Zhang L, et al. Maternal hepatitis B virus carrier status and pregnancy
outcomes: a prospective cohort study. BMC Pregnancy Childbirth. 2016;
16(1):87.

23. Hedderson M, Ehrlich S, Sridhar S, Darbinian J, Moore S, Ferrara A. Racial/
ethnic disparities in the prevalence of gestational diabetes mellitus by BMI.
Diabetes Care. 2012;35(7):1492–8.

24. Strong C, Lee S, Tanaka M, Juon HS. Ethnic differences in prevalence and
barriers of HBV screening and vaccination among Asian Americans. J
Community Health. 2012;37(5):1071–80.

25. Gomes CP, Torloni MR, Gueuvoghlanian-Silva BY, Alexandre SM, Mattar R,
Daher S. Cytokine levels in gestational diabetes mellitus: a systematic review
of the literature. Am J Reprod Immunol. 2013;69(6):545–57.

26. Bossick AS, Peters RM, Burmeister C, Kakumanu N, Shill JE, Cassidy-Bushrow
AE. Antenatal inflammation and gestational diabetes mellitus risk among
pregnant African-American women. J Reprod Immunol. 2016;115:1–5.

27. He D, Li M, Guo S, Zhu P, Huang H, Yan G, Wu Q, Tao S, Tan Z, Wang Y.
Expression pattern of serum cytokines in hepatitis B virus infected patients
with persistently normal alanine aminotransferase levels. J Clin Immunol.
2013;33(7):1240–9.

28. Elkrief L, Rautou PE, Sarin S, Valla D, Paradis V, Moreau R. Diabetes mellitus
in patients with cirrhosis: clinical implications and management. Liver Int.
2016;36(7):936–48.

29. Simcox JA, McClain DA. Iron and diabetes risk. Cell Metab. 2013;17(3):329–41.
30. Kim CH, Kim HK, Bae SJ, Park JY, Lee KU. Association of elevated serum

ferritin concentration with insulin resistance and impaired glucose
metabolism in Korean men and women. Metabolism. 2011;60(3):414–20.

Peng et al. BMC Infectious Diseases          (2019) 19:147 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Data collection and samples collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

