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Strengths and limitations of this study

►► This is the first population-based study examining 
the association between hepatitis B surface anti-
body seropositivity and diabetes in China.

►► The current study used data from two large 
population-based studies, the Guangzhou Biobank 
Cohort Study (GBCS) and the Major Infectious 
Disease Prevention and Control (MIDPC) study, and 
adjusted for multiple potential confounders, which 
might have increased the internal validity of the 
study.

►► Due to the funding constraints, only 27.3% of partic-
ipants in GBCS and 2.6% in MIDPC had data on both 
fasting glucose andhepatitis B virus serological tests 
and were included in the data analysis, which might 
introduce selection bias and influence the generalis-
ability of study results.

►► There is a possibility of volunteer bias, because all 
residents were invited for free health check in the 
MIDPC, individuals who were more health conscious 
tended to join in the study.

Abstract
Objectives  To examine whether hepatitis B surface 
antigen (HBsAg) seropositivity and hepatitis B surface 
antibody (HBsAb) seropositivity were associated with the 
presence of diabetes in two population-based studies in 
southern China, the Guangzhou Biobank Cohort Study 
(GBCS) and the Major Infectious Disease Prevention and 
Control (MIDPC) study.
Design  A cross-sectional study.
Setting  The GBCS was conducted among a community 
social and welfare organisation with branches in all 10 
districts of Guangzhou. The MIDPC was conducted among 
the community residents in two districts of Guangzhou and 
three districts of Zhongshan.
Participants  4947 participants from the GBCS and 4357 
participants from the MIDPC were included in this study.
Primary and secondary outcome measures  Type 
2 diabetes was the main study outcome, which was 
diagnosed by fasting blood glucose ≥7.0 mmol/L, and/or 
self-reported history of diabetes.
Results  After adjusting for age, sex, education, 
occupation, smoking status, alcohol use, physical activity 
and body mass index, we found no association of HBsAg 
seropositivity in GBCS or MIDPC (OR=1.12, 95% CI 0.74 
to 1.69, and OR=0.83, 95% CI 0.59 to 1.17, respectively), 
and HBsAb seropositivity (OR=0.85, 95% CI 0.65 to 
1.12, OR=1.00, 95% CI 0.86 to 1.16, respectively) with 
the presence of diabetes. Null associations were found 
for analysis pooling GBCS and MIDPC data after similar 
adjustment. The adjusted OR for the associations of HBsAg 
seropositivity and HBsAb seropositivity with the presence 
of diabetes in the pooled sample was 0.91 (95% CI 0.70 to 
1.19) and 0.98 (95% CI 0.86 to 1.12), respectively.
Conclusions  Taking advantage of data from two large 
cross-sectional studies, we found no association of 
serological status of HBsAg and HBsAb with the presence 
of diabetes or glucose measures.

Introduction
Hepatitis B virus (HBV) infection is a major 
infectious disease in the world, especially in 

China. In 1992, the prevalence of HBV infec-
tion indicated by hepatitis B surface antigen 
(HBsAg) positive in general Chinese popula-
tion (aged 1–59 years) was 9.75%.1 Although 
the nationwide HBV vaccination programme 
for newborn babies was launched since 1992, 
the prevalence of HBV infection remained 
high (about 7.18% in 2006).2 A recent study 
showed that the average prevalence of HBV 
infection in the general Chinese population 
aged 1–59 years from 2007 to 2016 was 5.7%.3

Diabetes is a major public health problem 
globally, especially in China. A nationwide 
survey in 2007 and another large survey 
including participants from 31 provinces of 
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China in 2010 showed that the diabetes prevalence was 
about 10% (ranged from 9.7% to 11.6%).4 5 Such a high 
prevalence of diabetes in China imposes a very heavy 
burden on population health service as well as social and 
economic development.6

As HBV infection leads to poorer liver function,7 and 
the latter was associated with a higher risk of diabetes,8 9 
many studies explored the association between HBV infec-
tion and diabetes, but the results were largely inconsistent 
in terms of the direction and the magnitude.10–23 Taking 
advantage of data from two population-based studies in 
Southern China (the Guangzhou Biobank Cohort Study 
(GBCS) and the Major Infectious Disease Prevention 
and Control (MIDPC) project), we examined whether 
HBsAg seropositivity and hepatitis B surface antibody 
(HBsAb) seropositivity were associated with the presence 
of diabetes in Chinese.

Methods
Study design
This is a cross-sectional study using data from two large 
population-based studies in southern China, the GBCS 
and the MIDPC study.

Data sources
Guangzhou Biobank Cohort Study (GBCS)
The GBCS is a three-way collaboration among Guang-
zhou 12th Hospital and the Universities of Hong Kong 
and Birmingham, UK. Details of this study have been 
reported elsewhere.24 Briefly, participants were recruited 
from the Guangzhou Health and Happiness Associa-
tion for the Respectable Elders (GHHARE), which is a 
community social and welfare organisation unofficially 
aligned with municipal government. Membership of the 
GHHARE is open to Guangzhou residents aged 50 years 
or above for a nominal fee of 4 RMB (equal to about 50 
US cents) per month. GHHARE included about 7% of 
Guangzhou residents in this age group, with branches in 
all 10 districts of Guangzhou, the capital city of Guang-
dong province in southern China.

Information of demographic characteristics, envi-
ronmental exposure, lifestyle, family and personal 
medical history was collected using a computer-assisted 
questionnaire-based face-to-face interview. Physical 
examination was conducted for anthropometric indices 
(weight, height, waist and hip circumference), and 
blood pressure, fasting plasma glucose, lipids, inflam-
matory markers, renal function and liver function were 
measured. In GBCS, all research staff received unified 
training before conducting the study. All participants 
gave written, informed consent before participation for 
free.

MIDPC project
The MIDPC project is a multicentre collaborative study 
among the National Science and Technology Major 
Special Office, Guangdong Provincial Local Government 

and Health and Family Planning Commission, Sun Yat-
Sen University, the third Affiliated Hospital of Sun Yat-
Sen University and the Centers for Disease Control 
and Prevention in Zhongshan and in Guangzhou. Free 
community-wide health examination and questionnaire 
survey were conducted for residents from two districts 
(Yuexiu and Liwan) in Guangzhou and three districts 
(Huoju, Guzhen and Xiaolan) in Zhongshan. All partic-
ipants provided written informed consent before partic-
ipation. From January 2014 to December 2015, 167 105 
participants were recruited in this study. A face-to-face 
questionnaire-based interview was conducted to collect 
information on demographic characteristics (age, sex, 
occupation, marital status, nationality and education 
level), lifestyle (alcohol use, smoking status and physical 
activity) and medical history (personal history of HBV 
infection, diabetes and hepatitis B vaccination). Informa-
tion of anthropometric indices (weight, height and waist 
and hip circumference) and blood pressure was collected 
by physical examination. Clinical parameters including 
fasting plasma glucose, lipids, inflammatory markers and 
markers of liver and renal function were measured. In the 
MIDPC, all research staff also received rigorous training 
before the study. The biological samples were subject to 
centralised testing, using unified testing methods, exper-
imental testing procedures and laboratory results judge-
ment standards.

Study sample
In GBCS, 30 430 Chinese aged 50 years or above partici-
pated in the baseline examination from 2003 to January 
2008, and of them, 18 105 returned for the first repeated 
examination from March 2008 to December 2012. After 
excluding participants with anti-HCV positivity, self-
reported positive medical history of diabetes and partic-
ipants without information of serological markers of 
hepatitis B and fasting/2 hour postload glucose, 4947 
participants with all variables of interest were included in 
the current study. In MIDPC, after excluding participants 
aged 18 years or younger and without testing of hepatitis 
B infectious status and fasting glucose, 4357 participants 
were included in the current analysis. Also, to fully make 
use of the data, we examined the association of serological 
status of HBsAg and HBsAb with diabetes in the pooled 
data of GBCS and MIDPC.

Study outcome
Type 2 diabetes was the major study outcome in the 
present study, which was diagnosed by fasting blood 
glucose ≥7.0 mmol/L, and/or self-reported history 
of diabetes. In GBCS, glycosylated haemoglobin A1c 
(HbA1c) and 2 hour postload glucose were also assessed. 
Both fasting and 2 hour postload glucose was measured in 
the laboratory of Guangzhou Number 12 Hospital using 
Roche COBAS C311 Chemistry Analyzer (Germany). In 
the MIDPC, fasting glucose was measured in the labora-
tory of Daan Gene Company of the Sun Yat-Sen Univer-
sity, Guangzhou, China.
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Table 1  Demographic characteristics and clinical parameters by HBsAg serological status (HBsAg positive vs negative) in 
GBCS and MIDPC

GBSC MIDPC GBCS+MIDPC

Negative Positive P value Negative Positive P value Negative Positive P value

Number (%) 4548 (91.9) 399 (8.1) – 4109 (94.3) 248 (5.7) – 8657 (93.0) 647 (7.0) –

Sex, %

 � Women 61.1 59.6 0.57 64.2 55.6 0.01 62.5 58.1 0.03

 � Men 38.9 40.4 35.8 44.4 37.5 41.9

Age, years, M 
(IQR)

61.9 (57.7 to 
67.9)

61.5 (57.5 to 
67.2)

0.37 67.0 (61.0 to 
74.0)

65.0 (58.5 to 
69.5)

<0.001 64.8 (58.7 to 
70.6)

63.0 (57.7 to 
68.0)

<0.001

Age groups, 
years, %

 � 18–49 0.0 0.0 0.74 4.2 8.9 <0.001 2.0 3.4 <0.001

 � 50–64 65.0 65.8 30.4 35.5 48.5 54.2

 � 65+ 35.0 34.2 65.4 55.6 49.5 42.4

Education, %

 � Primary 28.1 26.9 0.87 25.9 19.8 0.02 27.1 24.3 0.13

 � Middle 
school

60.5 61.3 60.3 69.8 60.4 64.4

 � College or 
above

11.4 11.8 13.8 10.4 12.5 11.3

Occupation, %

 � Manual 54.9 57.3 0.65 16.1 17.4 0.07 37.1 43.4 0.01

 � Non-manual 26.3 24.6 21.8 15.1 24.2 21.3

 � Others 18.8 18.1 62.1 67.5 38.7 35.3

Smoking status, 
%

 � Never 78.7 76.9 0.21 83.7 85.4 0.70 81.1 80.1 0.56

 � Former 9.8 8.8 6.7 6.7 8.3 8.0

 � Current 11.5 14.3 9.6 7.9 10.6 12.0

Alcohol use, %

 � Never 75.5 79.8 0.06 96.4 97.4 0.42 85.2 86.4 0.45

 � Ever 24.5 20.2 3.6 2.6 14.8 13.6

Physical 
activity, %

 � Inactive 1.0 1.0 1.00 24.4 25.8 0.76 11.8 9.7 0.22

 � Moderate 16.1 16.0 27.4 28.6 21.3 20.5

 � Active 82.9 83.0 48.2 45.6 66.9 69.8

BMI, kg/m2, %

 � <18.5 4.6 6.0 0.38 4.5 4.1 0.07 4.6 5.3 0.13

 � 18.5–23.9 51.3 52.0 50.9 46.9 51.1 50.1

 � 24–27.9 34.8 31.7 34.4 33.5 34.6 32.3

 � ≥28 9.3 10.3 10.2 15.5 9.7 12.3

ALT, U/L, M 
(IQR)

17.0 (13.0 to 
22.0)

19.5 (15.5 to 
26.0)

<0.001 19.0 (15.0 to 
25.0)

24.0 (19.0 to 
34.0)

<0.001 18.0 (14.0 to 
24.0)

22.0 (17.0 to 
30.0)

<0.001

AST, U/L, M 
(IQR)

21.0 (18.0 to 
25.0)

23.0 (20.0 to 
27.0)

<0.001 22.0 (19.0 to 
26.0)

26.0 (22.0 to 
34.0)

<0.001 22.0 (19.0 to 
26.0)

25.0 (21.0 to 
31.0)

<0.001

Fasting 
glucose, 
mmol/L, M 
(IQR)

5.1 (4.7 to 5.5) 5.1 (4.8 to 5.5) 0.60 5.5 (4.9 to 6.4) 5.5 (5.0 to 6.3) 0.93 5.2 (4.8 to 5.8) 5.2 (4.8 to 5.7) 0.46

2 hour postload 
glucose, 
mmol/L, M 
(IQR)

6.7 (5.7 to 7.9) 6.7 (5.6 to 8.1) 0.80 – – – – – –

Continued
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GBSC MIDPC GBCS+MIDPC

Negative Positive P value Negative Positive P value Negative Positive P value

HbA1c, %, M 
(IQR)

5.9 (5.6 to 6.1) 5.9 (5.6 to 6.1) 0.80 – – – – – –

Diabetes, % 6.5 6.8 0.83 30.1 28.6 0.62 17.7 15.2 0.10

ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; GBCS, Guangzhou Biobank Cohort Study; HbA1c, glycated haemoglobin A1c; 
HBsAg, hepatitis B surface antigen; M, median; MIDPC, Major Infectious Disease Prevention and Control.

Table 1  Continued

Exposure
In GBCS, serological testing for HBsAg and HBsAb was 
done using enzyme-linked immunoassay in the labora-
tory of Molecular Epidemiology Research Center of the 
Guangzhou Number 12 Hospital. Enzyme-linked immu-
noassay was also used in MIDPC for HBsAg and HBsAb 
testing in the laboratory of Daan Gene Company of the 
Sun Yat-Sen University. The presence of HBsAg was used 
as an indicator of HBV infection.25

Patient and public involvement
Patients and the public were not involved in this study.

Statistical analysis
Data with normal distribution data were described by 
mean and SD, and data with non-normal distribution 
were described by median and IQR. T-test and Mann-
Whitney U test were used to examine the differences of 
continuous variables, and χ2 test was used for categorical 
variables. Logistic regression was used to examine the 
association of HBsAg and HBsAb serological status with 
the presence of diabetes, and linear regression was used 
to examine their association with the glycaemic measures. 
In the multivariable linear and logistic regression, poten-
tial confounders considered included age, sex, educa-
tion, occupation, physical activity, smoking status, alcohol 
use and BMI. Moreover, we also examined whether the 
association of HBsAg and HBsAb serological status with 
diabetes varied by study sample source (ie, GBCS and 
MIDPC). As no evidence for the interaction with study 
sample source was found (all p>0.05), additional analysis 
pooling two samples was done with adjustment for study 
sample source. All data analysis was conducted in STATA 
V.14.0. A two-sided p-value ≤0.05 was considered statisti-
cally significant.

Results
Characteristics of 9304 participants from two studies by 
HBsAg serological status were shown in table 1. The sero-
positive rate of HBsAg was 8.1% (n=399) in GBCS and 
5.7% (n=248) in MIDPC. In GBCS, median (IQR) of age 
of HBsAg seropositive group was 61.5 (57.5, 67.2) years, 
while the HBsAg seronegative group was 61.9 (57.7, 67.9) 
years. No significant differences were found for age, 
sex, education, occupation, smoking status, alcohol use, 
physical activity and BMI (all p>0.05). HBV infection was 
associated with higher alanine transaminase (ALT) and 

asparate transaminase (AST) levels (both p<0.001). No 
significant differences were found between HBsAg sero-
positive and seronegative groups in terms of levels of 
fasting glucose, 2 hour postload glucose and HbA1c and 
prevalence of diabetes (all p>0.05) (table 1).

In MIDPC, the median (IQR) of age of HBsAg sero-
positive group was lower than that in the HBsAg seroneg-
ative group (65.0 (58.5–69.5) vs 67.0 (61.0–74.0) years, 
p<0.001). No significant differences were found between 
the HBsAg seropositive and seronegative groups in terms 
of the proportions of different occupation, smoking 
status, alcohol use and physical activity, and levels of BMI 
(all p>0.05). Compared with HBsAg seronegative group, 
participants with HBsAg seropositivity were younger, had 
a higher proportion of men and higher education level 
(all p<0.05). Those with HBV infection had higher ALT 
and AST levels (both p<0.001), but similar levels of fasting 
glucose and prevalence of diabetes (all p>0.05) (table 1).

Table  2 shows the prevalence of HBsAb seropositivity 
in GBCS (78.2%) and MIDPC (65.1%). In both GBCS 
and MIDPC, no significant differences in age, sex, occu-
pation, smoking status, alcohol use, physical activity, 
fasting glucose and prevalence of diabetes were found 
between HBsAb seropositive and seronegative groups (all 
p>0.05). In MIDPC, compared with HBsAb seronegative 
group, HBsAb seropositive group had higher education 
and lower BMI (both p<0.05). Compared with those with 
HBsAb seronegativity, participants with HBsAb seroposi-
tivity had lower ALT and AST levels (all p<0.001) (table 2).

Table 3 shows that, after adjusting for age, sex, educa-
tion, occupation, smoking status, alcohol use, physical 
activity and BMI (additionally adjusting for study sample 
source while analysing the pooled sample), no signifi-
cant association between HBsAg serological status and 
diabetes was found in GBCS (OR=1.12, 95% CI 0.74 to 
1.69), MIDPC (OR=0.83, 95% CI 0.59 to 1.17) or the 
sample pooled GBCS and MIDPC (OR=0.91, 95% CI 0.70 
to 1.19). After similar adjustment, no significant associa-
tion between HBsAg serological status and fasting glucose 
was found in GBCS (β=−0.01, 95% CI −0.09 to 0.08), 
MIDPC (β=−0.09, 95% CI −0.39 to 0.20) or the pooled 
sample (β=−0.03, 95% CI −0.15 to 0.09) (table 3).

Table 4 shows that, after adjusting for age, sex, educa-
tion, occupation, smoking status, alcohol use, physical 
activity and BMI (additionally adjusting for study sample 
source while analysing the pooled sample), no signif-
icant association between HBsAb serological status and 
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Table 2  Demographic characteristics and clinical parameters by HBsAb serological status (HBsAb positive vs negative) in 
GBCS and MIDPC

GBSC MIDPC GBCS+MIDPC

Negative Positive P value Negative Positive P value Negative Positive P value

Number (%) 1078 (21.8) 3869 (78.2) – 1522 (34.9) 2835 (65.1) – 2600 (27.9) 6704 (72.1) –

Sex, %

 � Women 60.3 61.1 0.61 63.3 63.9 0.69 62.0 62.3 0.81

 � Men 39.7 38.9 36.7 36.1 38.0 37.7

Age, years, M (IQR) 62.0 (57.7 to 68.1) 61.8 (57.6 to 
67.7)

0.62 67.0 (61.0 to 
74.0)

67.0 (61.0 to 
73.0)

0.06 65.0 (59.0 to 
71.9)

64.0 (58.4 to 
70.0)

<0.001

Age level, years, %

 � 18–49 0 0 0.68 4.5 4.4 0.37 2.7 1.9 <0.001

 � 50–64 64.5 65.2 29.3 31.4 43.9 50.9

 � 65+ 35.5 34.8 66.2 64.2 53.4 47.2

Education, %

 � Primary 27.6 28.1 0.95 25.4 29.7 0.002 26.4 27.1 0.08

 � Middle school 60.8 60.5 63.5 59.4 62.3 60.1

 � College or above 11.6 11.4 11.3 14.9 11.3 12.8

Occupation, %

 � Manual 56.8 54.6 0.13 15.7 16.4 0.75 33.5 39.1 <0.001

 � Non-manual 23.7 26.8 21.1 21.6 22.2 24.7

 � Others 19.5 18.6 63.2 62.0 44.3 36.2

Smoking status, %

 � Never 77.5 78.9 0.55 84.3 83.6 0.62 81.4 80.9 0.83

 � Former 9.9 9.7 6.8 6.6 8.1 8.4

Current 12.6 11.4 8.9 9.8 10.5 10.7

Alcohol use, %

 � Never 74.9 76.1 0.43 96.4 96.5 0.91 87.3 84.5 0.001

 � Ever 25.1 23.9 3.6 3.5 12.7 15.5

Physical activity, %

 � Inactive 1.1 1.0 0.72 24.6 24.4 0.72 14.5 10.6 <0.001

 � Moderate 15.4 16.3 28.2 27.1 22.7 20.7

 � Active 83.5 82.7 47.2 48.5 62.8 68.7

BMI, kg/m2, %

 � <18.5 4.9 4.7 0.63 4.6 4.5 <0.001 4.7 4.6 0.04

 � 18.5–23.9 52.8 50.9 45.6 53.4 48.6 52.0

 � 24–27.9 33.7 34.8 37.9 32.4 36.1 33.8

 � ≥28 8.6 9.6 11.9 9.7 10.5 9.6

ALT, U/L, M (IQR) 18.0 (14.0 to 25.0) 17.0 (13.0 to 
22.0)

<0.001 20.0 (15.0 to 
27.0)

19.0 (15.0 to 
25.0)

<0.001 20.0 (15.0 to 
27.0)

18.0 (14.0 to 
24.0)

<0.001

AST, U/L, M (IQR) 23.0 (19.0 to 26.0) 21.0 (18.0 to 
25.0)

<0.001 22.0 (19.0 to 
27.0)

22.0 (19.0 to 
26.0)

<0.001 22.0 (19.0 to 
27.0)

22.0 (19.0 to 
25.0)

<0.001

Fasting glucose, 
mmol/L, M (IQR)

5.1 (4.7 to 5.5) 5.1 (4.7 to 5.5) 0.78 5.5 (5.0 to 6.4) 5.5 (4.9 to 6.4) 0.12 5.3 (4.9 to 5.9) 5.2 (4.8 to 5.7) <0.001

2 hour postload 
glucose, mmol/L, M 
(IQR)

6.8 (5.7 to 8.0) 6.6 (5.7 to 7.9) 0.14 – – – – – –

HbA1c, %, M (IQR) 5.9 (5.6 to 6.1) 5.9 (5.6 to 6.1) 0.50 – – – – – –

Diabetes, % 7.1 6.3 0.34 30.5 29.8 0.64 20.8 16.3 <0.001

ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; GBCS, Guangzhou Biobank Cohort Study; HbA1c, glycated haemoglobin A1c; HBsAb, hepatitis B 
surface antibody ; M, median; MIDPC, Major Infectious Disease Prevention and Control .

the presence of diabetes was found in GBCS, MIDPC or 
the pooled sample (OR (95% CI) was 0.85 (0.65–1.12), 
1.00 (0.86–1.16) and 0.98 (0.86–1.12), respectively). After 

similar adjustment, no significant association was found 
between HBsAb serological status and fasting glucose in 
GBCS (β=−0.01, 95% CI −0.06 to 0.05), MIDPC (β=0.08, 
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Table 3  Fasting glucose and diabetes status by HBsAg serological status (HBsAg positive vs negative) in GBCS, MIDPC and 
data with GBCS and MIDPC pooling together

GBCS MIDPC GBCS+MIDPC

β (95% CI) P value β (95% CI) P value β (95% CI) P value

Fasting glucose, mmol/L

Crude model −0.02 (−0.10 to 0.07) 0.68 0.00 (−0.25 to 0.25) 0.99 −0.01 (−0.13 to 0.11) 0.85

Model 1 −0.02 (−0.10 to 0.06) 0.66 0.01 (−0.24 to 0.26) 0.92 −0.01 (−0.12 to 0.11) 0.92

Model 2 −0.01 (−0.09 to 0.08) 0.88 −0.09 (−0.39 to 0.20) 0.54 −0.03 (−0.15 to 0.09) 0.62

OR (95% CI)  �  OR (95% CI)  �  OR (95% CI)  �

Diabetes, yes vs no

Crude model 1.05 (0.70 to 1.57) 0.83 0.93 (0.70 to 1.23) 0.62 0.97 (0.76 to 1.22) 0.77

Model 1 1.05 (0.70 to 1.58) 0.82 0.93 (0.70 to 1.24) 0.64 0.97 (0.77 to 1.23) 0.81

Model 2 1.12 (0.74 to 1.69) 0.60 0.83 (0.59 to 1.17) 0.28 0.91 (0.70 to 1.19) 0.50

Model 1: adjusting for age and sex.
Model 2: additionally adjusting for education, occupation, smoking status, alcohol use, physical activity, BMI and study sample source, 
as appropriate.
BMI, body mass index; GBCS, Guangzhou Biobank Cohort Study; HBsAg, hepatitis B surface antigen; MIDPC, Major Infectious Disease 
Prevention and Control .

Table 4  Fasting glucose and diabetes status by HBsAb serological status (HBsAb positive vs negative) in GBCS, MIDPC and 
data with GBCS and MIDPC pooling together

GBCS MIDPC GBCS+MIDPC

β (95% CI) P value β (95% CI) P value β (95% CI) P value

Fasting glucose, mmol/L

Crude model −0.01 (−0.06 to 0.05) 0.83 0.04 (−0.08 to 0.16) 0.54 0.02 (−0.05 to 0.08) 0.60

Model 1 −0.01 (−0.06 to 0.05) 0.83 0.03 (−0.09 to 0.16) 0.58 0.02 (−0.05 to 0.08) 0.62

Model 2 −0.01 (−0.06 to 0.05) 0.84 0.08 (−0.06 to 0.21) 0.26 0.04 (−0.03 to 0.11) 0.29

OR (95% CI)  �  OR (95% CI)  �  OR (95% CI)  �

Diabetes, yes vs no

Crude model 0.88 (0.67 to 1.15) 0.34 0.97 (0.85 to 1.11) 0.64 0.95 (0.84 to 1.07) 0.40

Model 1 0.88 (0.68 to 1.15) 0.35 0.96 (0.84 to 1.10) 0.55 0.95 (0.84 to 1.07) 0.37

Model 2 0.85 (0.65 to 1.12) 0.24 1.00 (0.86 to 1.16) 0.95 0.98 (0.86 to 1.12) 0.78

Model 1: adjusting for age and sex.
Model 2: additionally adjusting for education, occupation, smoking status, alcohol use, physical activity, BMI and study sample source, 
as appropriate.
BMI, body mass index; GBCS, Guangzhou Biobank Cohort Study; HBsAg, hepatitis B surface antigen; MIDPC, Major Infectious Disease 
Prevention and Control .

95% CI −0.06 to 0.21) or the pooled sample (β=0.04, 95% 
CI −0.03 to 0.11) (table 4).

No significant association of serological status of HBsAg 
and HBsAb with 2 hour postload glucose and HbA1c was 
found using data from GBCS. The adjusted β was 0.00, 
95% CI (−0.24 to 0.25) and −0.13 (−0.30 to 0.03) for 2 
hour postload glucose, and −0.02 (−0.08 and 0.05) and 
−0.02 (−0.06 to 0.03), for HbA1c, respectively (online 
supplementary table 1). Sensitivity analyses using differ-
ence definitions of diabetes in GBCS showed similar null 
results (online supplementary table 2 and online supple-
mentary table 3). Moreover, subgroup analyses by sero-
logical status of HBsAg or HBsAb also show no significant 
association with fasting glucose or diabetes in GBCS or 

MIDPC (online supplementary table 4 and online supple-
mentary table 5).

Discussion
The present study is one of the few studies examining 
the association of HBsAg and HBsAb seropositivity with 
diabetes in mainland China. We found no evidence that 
serological status of HBsAg or HBsAb was associated with 
the presence of diabetes or glycaemic measures in the two 
population-based studies. Our findings support results of 
some previous studies showing that HBsAg seropositivity 
was not associated with a higher risk of diabetes,16–23 and 

https://dx.doi.org/10.1136/bmjopen-2019-028968
https://dx.doi.org/10.1136/bmjopen-2019-028968
https://dx.doi.org/10.1136/bmjopen-2019-028968
https://dx.doi.org/10.1136/bmjopen-2019-028968
https://dx.doi.org/10.1136/bmjopen-2019-028968
https://dx.doi.org/10.1136/bmjopen-2019-028968
https://dx.doi.org/10.1136/bmjopen-2019-028968
https://dx.doi.org/10.1136/bmjopen-2019-028968
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adds to the literature that HBsAb seropositivity was also 
not associated with diabetes or glycaemic measures.

Our results are consistent with one of the two recent 
meta-analyses showing no association between HBV infec-
tion and diabetes.26 In this meta-analysis of 15 observa-
tional studies published before 2014 (including seven 
cohort studies, four case–control studies and four cross-
sectional studies), no association between HBV infection 
and diabetes was found after pooling results from four 
cohort studies and one cross-sectional study (OR=0.83, 
95% CI 0.63 to 1.08).26 However, in the other meta-
analysis published in 2015, the authors reported a positive 
association between HBV infection and diabetes based 
on results pooling eight cross-sectional studies (OR=1.40, 
95% CI 1.04 to 1.90) or pooling five case–control studies 
(OR=1.89, 95% CI 1.08 to 3.30), but an inverse associ-
ation from pooling two cohort studies (OR=0.77, 95% 
CI 0.71 to 0.84).27 However, the included studies in the 
second meta-analysis showed a great heterogeneity (I2 
value=93.8%, p<0.001).27 Another recent large cohort 
study of 439 708 participants also reported a positive asso-
ciation of HBV infection with the presence of diabetes 
(OR=1.17, 95% CI 1.06 to 1.31) as well as incident 
diabetes (HR=1.23, 95% CI 1.08 to 1.41).13 Notably, in 
this cohort study, results of a model without adjustment 
of fatty liver disease or baseline fasting glucose showed 
no association between HBV infection and diabetes.13 As 
fatty liver disease is biologically unlikely to cause HBV 
infection, adjusting for fatty liver disease might lead to 
an overadjustment bias.28 Moreover, the overadjustment 
bias might also be introduced when adjusting for base-
line fasting glucose in the model assessing HBV infection 
and incident diabetes,13 because the diagnosis of incident 
diabetes included baseline fasting glucose. Adjustment 
for baseline fasting glucose might thus lead to an over-
fitting.28 In addition, as 80% of participants in the study 
were workers from the same company,13 generalisability 
to the general population might have also been limited. 
Another recent cohort study reported that HBV infec-
tion was associated with higher risk of incident diabetes 
(HR=1.41, 95% CI 1.35 to 1.47), but the HBV infection 
status was defined by medical records rather than sero-
logical markers, which underlined more HBV infection-
related complications such as liver disease rather than 
simple HBV infection per se.14 Due to the controversial 
results from these previous studies, our finding serves as 
a complementary evidence, supporting no association 
between HBV infection and prevalent diabetes.

We found no evidence for a lower risk of diabetes in 
those with HBsAb seropositivity. HBsAb is a protective 
antibody serving as a proxy for hepatitis B immunisa-
tion.25 Results on the association between HBsAb sero-
positivity and diabetes are scarce.29 30 A study reported 
negative associations of successful HBV vaccination (ie, 
HBsAb seropositive people with a history of HBV vacci-
nation) (OR=0.67, 95% CI 0.52 to 0.84) and HBsAb sero-
positivity (OR=0.75, 95% CI 0.62 to 0.90) with diabetes 
in 15 316 participants.29 However, HBV vaccination was 

encouraged after the diagnosis of diabetes, and the study 
sample had a low prevalence of HBsAb seropositivity 
(15.15%), and successful HBV vaccination rate (39% vs 
>75% in the general population after a standard three-
dose HBV vaccination).31 The authors explained that the 
low rate of successful immunisation could be due to the 
coexistence or pre-existence of diabetes, because in those 
with diabetes, a much lower rate of successful immuni-
sation was found, that is, 17% in diabetic patients versus 
41% in non-diabetic people.29 Another cross-sectional 
study reported that HBsAb seropositivity was inversely 
associated with the presence of diabetes in 871 Chinese 
retired workers from an enterprise (OR=0.60, 95% CI 
0.39 to 0.92).30 A subgroup analysis by sex showed signif-
icant differences in fasting glucose and 2 hour postload 
glucose levels by serological status of HBsAb in women 
only.30 In southern China where the prevalence of HBsAb 
seropositivity as well as diabetes was high, no beneficial 
effect of HBsAb seropositivity on diabetes was found in 
our study.

The strengths of our study include large sample size, 
using data from two population-based studies and 
accounting for multiple potential confounders. Mean-
while, the present study is one of the few studies which 
examined the association of HBsAg and HBsAb seropos-
itivity with diabetes in mainland China. While exploring 
the association between the prevalence of diabetes and 
HBsAg and HBsAb seropositivity, we have also explored 
the association of fasting blood glucose with HBsAg and 
HBsAb seropositivity. However, there are some limitations 
to our study. First, due to the funding constraints, only 
27.3% of participants in GBCS and 2.6% in MIDPC had 
data on both fasting glucose and HBV serological tests 
and were included in the data analysis. Second, although 
all residents were invited for free physical examination in 
the MIDPC, individuals who were more health conscious 
tended to join and thus volunteer bias might be possible. 
Our sample was not fully representative of the general 
population. However, the non-representativeness might 
not influence internal validity or explain the null asso-
ciations. Third, our study was a cross-sectional study and 
thus casual inference could not be confirmed. Further 
community trials or natural experiments may be useful to 
confirm the causal relationship between HBV infectious/
immunity and diabetes. Finally, serological status of hepa-
titis B e-antigen and HBV DNA titre were not measured 
in GBCS or MIDPC. However, as such measurements are 
relatively expensive, they were rarely used in population-
based epidemiologic studies.

In conclusion, taking advantage of data from two large 
cross-sectional studies, we found no association of sero-
logical status of HBsAg and HBsAb with the presence of 
diabetes or glucose measures.
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