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ABSTRACT

ARTICLE HISTORY

Despite the burden of diabetes mellitus (DM), little is known about the role of this and other metabolic
syndromes on the severity of hepatitis B virus (HBV) chronicity and liver disease progression. The value of
hepatitis B vaccination and its impact on liver diseases and HCC has been largely demonstrated, adult
vaccination coverage is however suboptimal and DM diagnosis represents an opportunity for the HCP to
discuss hepatitis B and other adult vaccinations.
We performed a systematic literature search to identify studies (January 2000 to January 2017)
describing liver disease progression among patients with HBV by DM status. Risk factors were assessed
including the relationship between HBV and non-alcoholic steatohepatitis (NASH). Data were extracted
systematically and assessed descriptively.
Twenty articles described liver disease progression and one article evaluated NASH among subjects with
HBV by DM status. Fourteen articles reported that DM as a predictor for the outcome, including delayed
seroclearance, cirrhosis, hepatocellular carcinoma, transplant/mortality and death, whereas no association
on liver outcomes was found in 7 studies.
In summary, our review suggests that DM is associated with the progression of severe liver outcomes in
adults with HBV, although more studies are needed to understand the beneﬁts of HBV vaccination in
adults with DM and liver-diseases.
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Introduction
Infection with hepatitis B virus (HBV) can cause acute and
chronic hepatitis, and complications such as cirrhosis and hepatocellular carcinoma (HCC).1,2 In HBV-endemic regions such as
East Asia and sub-Saharan Africa, up to 10% of the adult population have chronic HBV infection, whereas the prevalence in
Western Europe and North America is <1%.1,2 Vaccines against
HBV have been shown to provide protection, and in HBVendemic countries, universal vaccination against HBV has substantially reduced HBV-related liver disease and mortality.3 In
countries where the prevalence of HBV infection is relatively
low, the inclusion of HBV on childhood immunization programs has had a measurable impact on HBV-related liver disease.3 However, HBV vaccination is usually implemented on a
risk-based approach in adults, and there remains debate about
which adult groups to target to optimize the clinical beneﬁts
and cost-effectiveness of vaccination in non-endemic countries.
People with diabetes mellitus (DM) require blood glucose
monitoring and are at risk of blood-borne pathogens such as
HBV. Although there are reports that lapses in infection control have been associated with HBV transmission in healthcare
and institutional settings, studies in the US also show that HBV
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rates are higher in adults with DM compared with adults without DM in the general population.4 In a National Health and
Nutrition Examination Survey, the prevalence of HBV infection
in people with DM was 60% higher than in those without
DM,4,5 and in an Emerging Infections Program study in the US
including 64.2 million people from 2009 to 2010, adults with
DM had about twice the risk for acute HBV infection than
adults without DM.4,5
Although DM is an established risk factor for numerous comorbidities including chronic liver disease, a role for HBVrelated liver dysfunction in the development of Type 2 DM has
recently emerged. It has been proposed that viral hepatitis may
impair key metabolic processes regulated by the liver which are
implicated in the development DM based on the interplay of
inﬂammatory mechanisms induced by infection of the liver,
ultimately leading to glycometabolic dysfunction and insulin
resistance.6-11 In a recent meta-analysis, people with HBV
infection versus without HBV were at a higher risk of developing DM.4
Adults with DM have an increased risk of HCC and cirrhosis, and other hepatic disorders such as non-alcoholic fatty
liver disease (NAFLD), including the progressive form,
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non-alcoholic steatohepatitis (NASH).12-15 NAFLD is being
increasingly recognized as the liver disease component of metabolic syndrome, and NASH can potentially lead to liver ﬁbrosis,
cirrhosis, failure, and HCC.16-18 Moreover, fatty livers are vulnerable to injury by viruses and hepatotoxic injury, and patients
with hepatic steatosis often present with hepatitis C virus
(HCV) infection; as well as metabolic syndrome in the host,
there is evidence that the progression of fatty liver disease has a
viral etiology associated with the HCV genotype.19-21 The association between fatty liver disease and HBV is less clear, with
various studies reporting that fatty liver disease in people with
HBV is largely a result of components of metabolic syndrome
in the host.22-24 However, in a large population-based study in
Taiwan, the correlation between HBV and elevated liver biochemical parameters in patients with fatty liver disease was not
associated with age and obesity, suggesting a viral etiology.23
In the US, HBV vaccination is recommended for adults with
DM aged 19–59 years,25 and in Belgium, HBV vaccination is
recommended for adults with DM aged 23–59 y.26 However, in
most countries with a relatively low prevalence of HBV infection, HBV vaccination in adults is reimbursed on a risk-based
approach with no speciﬁc guidance on DM.
Despite the high global burden of DM, little is known about
the interplay between HBV and metabolic syndromes, and how
this inﬂuences the progression to severe liver disease. To our
knowledge, the association between DM and HBV disease has
not been reviewed using an evidence-based systematic
approach to date. We undertook this systematic review to analyze the strength of the evidence on this topic with the following objectives: (1) to describe disease progression of subjects
with HBV infection by DM status and associated risk factors
(seroconversion, seroclearance, cirrhosis development, decompensated cirrhosis, HCC, liver transplant, and death) and (2) to
understand the relationship between HBV, NAFLD, and
NASH. The aim of analyzing these outcomes was to describe
metabolic syndromes and HBV-related disease to help understand the value of HBV vaccination in adults with DM

Results
Literature search
A total of 5,189 unique articles were identiﬁed from the initial
literature search but no data from the gray literature. After
screening titles and abstracts, the full text from 152 articles
were examined in detail which identiﬁed 35 articles of interest
(Fig. 1). Common reasons for exclusion at this step included
absence of data on research objectives (n D 71), narrative
reviews (n D 16), unavailability of full text (n D 14), and systematic reviews (n D 8). At the start of the selection process,
articles describing only data for a DM population or only for
an otherwise healthy population were selected for full-text
screening, but were excluded from data extraction, because sufﬁcient articles comparing disease progression by DM status
were identiﬁed. As these direct comparisons provided the most
robust data, 14 non-comparative articles were excluded, providing a total of 21 articles for inclusion in the review.
Twenty articles described the disease progression of subjects
with HBV by DM status and one article dealt with the

prevalence of NASH within subjects with HBV. The studies
were conducted in the following countries: Taiwan (n D 8),
China (n D 5), US (n D 3), Korea (n D 1), Spain (n D 1),
Greece (n D 1), New Zealand (n D 1), France (n D 1) and Spain
(n D 1). The majority of the articles presented data for only one
outcome and adjustments were made for one or more potential
confounding factors in all studies. The study designs were
cohort (n D 16); case-control (n D 3), nested case-control
(n D 1), and cross sectional (n D 1). Eleven articles described
liver disease progression in Type 2 DM patients, while DM
type was not described in the remaining articles. The study
characteristics are shown in Table 1.
Outcomes
Seroconversion and seroclearance
None of the articles included in the review presented seroconversion data. The effect of DM on Hepatitis B e-antigen
(HBeAg) seroclearance in chronic HBV patients was described
in a single article.13 This cohort study included 413 Chinese
chronic HBV patients who had undergone liver biopsy or transient elastography between 2005 and 2012. After adjusting for
viral load, anti-viral therapy and necro-inﬂammation, DM at
baseline was observed to be a predictor of delayed HBeAg seroclearance (Hazard ratio [HR]: 0.55; 95% Conﬁdence Interval
[CI]: 0.32, 0.97).
Cirrhosis and decompensated cirrhosis
An overview of the risk of cirrhosis and decompensated cirrhosis is shown in Fig. 2. Three cohort studies presented the risk of
cirrhosis in hepatitis B patients by DM status.14,27,28 All 3 studies established that patients with chronic HBV and DM had an
increased risk of liver cirrhosis, particularly among the male
population. A large population-based cohort study of chronic
HBV patients conducted between 1997 and 2009 in Taiwan
observed that newly diagnosed DM was an independent predictor for cirrhosis after adjustment for age, sex, HBV treatment,
HCC, and co-morbidity index by Cox proportional hazards
model (HR: 2.01; 95% CI: 1.39, 2.91).14 In another Taiwanese
cohort study involving 516 patients with chronic HBV, DM
was identiﬁed as an independent risk factor of cirrhosis in a
multivariate analysis adjusted for age, gender, and persistent
hepatitis (odds ratio [OR]: 5.2; 95% CI: 2.0, 13.5).27 The third
study conducted in Greece between 1998 and 2003, with a
cohort of 174 subjects showed that DM was associated with
more severe ﬁbrosis in patients with HBeAg negative chronic
HBV (model 1 OR: 2.96; 95% CI: 0.95, 9.22; model 2 OR: 3.87;
95% CI: 1.31, 11.45).28
A large population-based cohort study of Taiwanese patients
with chronic HBV observed that after adjusting for age, sex,
HBV treatment, HCC, and comorbidity index by Cox proportional hazards model, DM was an independent predictor for
decompensated cirrhosis (HR:1.8; 95% CI: 1.19, 2.7).14
One study assessed the impact of DM on liver ﬁbrosis progression in 663 patients with chronic hepatitis B in China.29 In
patients with type II DM at baseline, after adjusting for viral
load, the OR for liver ﬁbrosis progression in those with DM at
44 months follow-up vs. patients with resolved DM was 1.1
(95% CI: 0.5, 2.2: p D 0.87). There was no conclusion regarding
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Figure 1. Selection of articles DM: diabetes mellitus; HepB: hepatitis B; NASH: non-alcoholic steatohepatitis.

liver ﬁbrosis progression by DM status as the main objective of
the study was on metabolic syndrome.29
A cohort study in France that included 48,189 patients discharged from hospital with a diagnosis of chronic HBV
between January 2008 and December 2013, assessed risk factors
for liver disease progression, which was a composite outcome
of end-stage liver disease and/or hepatocellular carcinoma.30
The multivariate analysis showed that DM was a risk factor for
liver disease progression with an adjusted HR of 1.40 (95% CI:
1.32, 1.48).30
Hepatocellular carcinoma
An overview of the risk of HCC is shown in Fig. 3. The risk
of HCC in hepatitis B patients by DM status was described
in 9 studies conducted between 1985 and 2013 in Taiwan

(n D 5),12,31-35 China (n D 2),15,35 Korea (n D 1),36 and
New Zealand (n D 1).37 Six studies used cohort designs,
which included the general population,31,32,34 chronic HBV
patients,12 and individuals with hepatitis B-related cirrhosis.35,37 One of the studies found that history of DM was
the most important risk factor for HCC among hepatitis B
surface antigen (HBsAg)-positive subjects.12 Another study
showed that DM was a signiﬁcant predictor of HCC in
patients with HBV-related cirrhosis.37 However, DM was
not found to be a signiﬁcant predictor for HCC in 2 other
cohort studies (HR: 1.61; 95% CI: 0.73, 3.58; HR: 1.3; 95%
CI: 0.3, 5.6),31,34 of which one included only 57 HCC cases
which may partly explain the lack of a signiﬁcant effect.31
A further cohort study of predictors of HCC in patients
with chronic HBV showed that the proportion of patients

Cohort
 Seropositive for HBsAg  6 months; absence of liver cirrhosis;
available data for serum biochemical studies and viral serology; at
least 2 clinical visits/year; a follow-up for at least one year; nonalcoholism; no previous therapy with interferon or other anti-viral
agent
 NR
Cohort
Causative effect of DM on the histological progression of chronic viral
 NR
hepatitis not directly supported by data
 Malignancy; antiviral or immunosuppressive therapy within the last 6
months; inadequate biopsy; HBV and HCV co-infection; detectable
antibodies against hepatitis delta virus or HIV
Cohort
Transient elastography instead of liver biopsy was used as the
diagnostic tool to deﬁne liver ﬁbrosis. Given that the natural history
 NR
 evidence of hepatitis C virus; men who consumed >30 g of alcohol/
of liver ﬁbrosis progression occurs over decades, a follow-up period
w and women who consumed >20 grams of alcohol/w; secondary
of close to 4 y may still be too short.
causes of hepatic steatosis; decompensated liver disease;
complications of liver surgery/liver transplantation
Cohort
Use of abdominal girth instead of BMI; patients with fasting blood sugar
>126 mg/dL deﬁned as DM cases; pathology reports unavailable; no
 NR
active surveillance
 Participants with incomplete data or HCC at baseline were excluded
Cohort
Abdominal ultrasonography screening not performed for seronegative
participants;
 NR
Possibility of overestimating the risk of developing HCC in viral
 Diagnosed with HCC before the screening
hepatitis–positive participants; effect of antiviral therapies on
development of HCC not investigated; small sample size for incident
HCC cases
Cohort
Self-report of diabetes status; no information on high-density
 NR
lipoprotein cholesterol levels, and blood pressures; small numbers of
 Subjects with liver cancer before/at enrollment
HCC cases with extreme obesity; risk factors based on BMI
measurement at enrolment; deﬁnition of extreme obesity (BMI 30
kg/m2) may not apply globally
Case-control
Overweight and obese subjects not included; all HCC and cirrhosis
subjects not diagnosed histologically.
 Hospitalized for HCC or CHB;  30 y of age; HBsAg positive; anti-HCV
negative; no history of cancer other than HCC or hepatitis other than
hepatitis B; no cancer treatment; no treatment with nucleotide/
nucleosides or interferon; residence of Shandong Province

Patients with a chart-documented history of CHB infection

HBeAg-negative CHB patients admitted to undergo liver
biopsy

Patients with CHB identiﬁed in primary care clinics
and hospitals in different regions of Hong Kong

> 40 y of age participants from the cancer screening
program conducted by the Tainan
County Health Bureau

Greece
1998–2003
Papatheodoridis
et al, 200628

China
2006–2008
Wong et al. 201429

Taiwan

Cases: Hospitalized patients with HBV related HCC at Jinan
Infectious
Disease Hospital

China

2004–2008

Participants of cancer screening program held between
1991 and 1992

Residents  35 y old

Taiwan
Chen et al. 200812

1997–2004
Wang et al. 200934

2004–2007
Chen et al. 201331
Taiwan

Possibility of misclassiﬁcation of both the risk and the outcome of
interest (diabetes and cirrhosis); unknown validity of the ICD-9 codes
to deﬁne cirrhosis, esophageal varices, or decompensated cirrhosis;
possibility of undetected cirrhosis leading to the development of
diabetes; potentially important variables related to diabetes (severity
and treatment of diabetes, triglyceride level, and BMI) not included.
NR

Taiwan
NR
Huo et al. 200027

Taiwan
Adults > 20 y of age with CHB from randomly sampled
enrolees from the NHIRD claims data
1997–2009
Huang et al. 201314

Kaplan–Meier and Cox regression analysis based on age at HBeAg
seroclearance as the end point instead of time from baseline to
HBeAg seroclearance; effect of metabolic risks modiﬁcation during
the follow-up period on immune virological response and eventually
clinical outcomes not determined

Limitations

Cohort
 HBsAg positive for > 6 months
 HCV or HIV co-infection; other causes of hepatitis, including
autoimmune liver disease, Wilson’s disease and haemochromatosis;
> 20 g alcohol consumption/day; previous interferon therapy;
follow-up period < 12 months
Cohort
 NR
 Diagnosis of cirrhosis or esophageal varices before the inception
point for follow-up; alcoholic cirrhosis or biliary cirrhosis; alcoholic
liver disease or hepatitis C infection

Study population

Design
 Inclusion criteria
 Exclusion criteria

China
Ethnic Chinese CHB patients with liver biopsy or transient
elastography between 2005 and 2012
2005–2013
Hsiang et al. 201413

Country
Study period
Reference

Table 1. Design of studies.
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Non-institutionalized civilian US population with CHB

Huo et al. 200338

USA
1996–2005
Szpakowski et al.
201341
Taiwan
1996–1999

Patients who underwent primary liver resection for HCC
identiﬁed from the Cancer Registry Database of the
hospital

Individuals who were KPNC health plan members in
March 1996 and who were diagnosed with hepatitis
B either before or after that date

Stepanova et al,
201040
New Zealand
HBV patients with cirrhosis, who sought care at the
hospital
2000–2010
Hsiang et al. 201537

USA
1988–2006

Patients diagnosed with LC from June 2003 to July 2013

China
2003–2013
Xiong et al. 201535
Korea
2005–2015
Seo et al. 201636

Multicenter, retrospective study of CHB patients who
underwent LB and TE before starting antiviral therapy

Enrollees from the NHIRD between 1997–2009

Controls: CHB patients without HCC hospitalized at Jinan
Infectious
Disease Hospital (hospital cross-sectional CHB controls)
Cases: All hospitalized inpatients ﬁrst diagnosed with HCC
in the computerized database
Controls: Subjects randomly selected from those
participating in the health check-up program at the
hospital (controls)

Taiwan
1997–2009
Fu et al. 201532

2004–2005
Ko et al. 201233

Taiwan

Li et al. 201215

Biased control group in terms of risk factors in association with HCC;
difﬁcult to investigate the relationship between DM and HCC; no
information on fasting insulin or postprandial glucose level; effect of
antiviral treatment of both HBV and HCV infection not considered;
obesity regarded as an independent factor in association with HCC.

Cohort
 Complete medical history, including serological markers for hepatitis
B and C.;  6 months follow-up period
 NR

Small patient number in the dual viral infection

(Continued on next page)

 Cases: ICD-9-CM code 155.0. Controls: NR
 Cases: Other primary liver cancer indicated in ICD-9-CM code 155.0
were excluded after reviewing the medical chart; colorectal cancer
(ICD-9-CM code 153.0–153.9, 154.0, 154.1 and 154.8), gastric cancer
(ICD-9-CM code 151.0–151.9), pancreatic cancer (ICD-9-CM code
157.0–157.8) breast cancer (ICD-9-CM code 174.0–174.9) or lung
cancer (ICD-9-CM code 162.0–162.9)
Cohort
Possibility of misclassiﬁcation of DM and HCC cases; DM diagnosis was
not systematically screened at regular intervals; possible under NR
 Patients with the HCC diagnosis before the inception point; patients
recognized or under-reported cases; unknown validity of the 9th ICD
with the diagnosis of cirrhosis, either alcoholic/biliary origin; patients
codes; all variables related to DM or CHB (severity of diabetes,
with alcoholic liver disease/hepatitis C infection
glucose level, HbA1c level, triglyceride level, body mass index, HBV
DNA level, HBeAg and family history of HCC) not included; synergism
between obesity and alcohol in relation to incident diabetes
unknown
Cohort
Retrospective design.
 NR
 NR
Cohort
Retrospective design; the number of patients who developed HCC was
 NR
small (8.9%), which was related to the characteristics of the study
 Failure to obtain reliable LS values, An invalid LS value; Delay
population who were receiving antiviral therapy
between LB and TE>1 month; Starting antiviral therapy >1 month
after LB; Presence/history of HCC at enrolment, HCC development
within 6 month after enrolment; History of previous antiviral therapy;
History of decompensated cirrhosis, Child Pugh class B/C cirrhosis at
enrolment; Unsuitable quality of LB specimen for appropriate
interpretation; Coinfection with hepatitis C/D or HIV; Right-sided
heart failure; pregnancy
Cohort
Possibility of liver disease subjects being classiﬁed as controls; possibility
of underlying NAFLD or ALD in patients with normal liver enzymes;
  17 y of age; complete demographic, social history, and clinical
miss-classiﬁcation of NAFLD cases as ALD due to relatively low
data available
 NR
threshold for deﬁnition of excessive alcohol consumption;
histological data absent
Cohort
Retrospective design; possible observational biases and record errors;
small size of the cohort; protective effect of metformin on
 NR
 Co-infection with hepatotrophic viruses or HIV; cirrhosis complication
hepatocarcinogenesis not assessed; anthropometric measurement
in the year before DM diagnosis, type 1 DM patients
not consistently performed in all patients; assessment for metabolic
syndrome un-available
Cohort
NR
 KNPC member between March 1995 and February 1996
 Co-infection with HIV or HCV

Case-control

 NR
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 NR
 NR

Case-control

 NR
 HBV seromarkers negative subjects

Nested case-control

Cross-sectional
  18 y of age; negative for anti-HCV and anti-HIV antibodies
 Alcohol intake > 20 g/day; drug use known to cause steatosis such
as amiodarone, tamoxifen, methotrexate, tetracycline or
corticosteroids
Patients with chronic hepatitis B infection in in Metropolitan Nationwide, observational cohort study:
 Adults discharged from hospital with a primary or associated
France from January 2008 to December 2013 (largest
diagnosis of CHB (ICD-10 B18.0 or B18.1 codes)
Western cohort study on the prognosis of patients with
 Recipients of solid organ transplant or allogeneic stem cell
CHB to date)
transplant before January 2008 were excluded

Cohort: HBsAg positive subjects identiﬁed among all
blood donors between 1972 and 1985
Nested case-control study: All HBsAg positive men of the
cohort who died because of liver disease (cases) and
HBsAg positive men without liver disease (controls).
Cases: DM patients  18 y of age who underwent cadaveric
related liver transplantation for HBV-related liver disease
Control: Liver transplant recipients without DM matched for
age, gender, primary liver disease and model for endstage liver
HBsAg positive patients

Study population

Design
 Inclusion criteria
 Exclusion criteria

No information recorded about CHB treatment

Retrospective design, lack of complete histologic data and HBV
genotyping for CHB patients.

NR

Liver morbidity and risk factor exposures not determined in all subjects
as 55% of alive HBsAg positive subjects did not participate in the
study; HCV and HIV not detected in subjects who died before 1985

Limitations

ALD: alcohol-related liver disease; BMI: body mass index; CHB: chronic hepatitis B; DM: diabetes mellitus; DNA; deoxyribonucleic acid; HbA1c: glycosylated hemoglobin; HBeAg: hepatitis B e antigen; HBsAg: hepatitis B surface antigen;
HBV: hepatitis B virus; HCC: hepatocellular carcinoma; HCV: hepatitis C virus; HepB: hepatitis B; HIV: human immunodeﬁciency virus; ICD: International Classiﬁcation of Diseases; KPNC: Kaiser Permanente Northern California; LC: liver
cirrhosis; LB: liver biopsy; LS: Liver stiffness; TE: Transient elastography; NAFLD: Non-alcoholic fatty liver disease; NHIRD: National Health Insurance Research Database; NR: not reported; US: United States

France, 2008–2013
Mallet et al. 201730

USA
2000–2006
Bondini et al.
200743

2003–2007
Ling et al. 201142

China

1972–2000
Ribes et al. 200639

Spain

Country
Study period
Reference

Table 1. (Continued )
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Figure 2. Overview of studies that evaluated DM and HBV-related cirrhosis and decompensated cirrhosis.

with HCC was higher in those with DM than those without
(20.6% vs. 6.9%, respectively), and univariate analysis
showed that DM was a signiﬁcant predictor for HCC
(p D 0.015).36
A cohort study in Taiwan using the National Health Insurance Research Database which included 14,523 chronic HBV
patients, found that 3.29% patients in the DM cohort (n D 2099)

developed HCC compared with 2.02% in the matched non-DM
cohort (n D 2080).32 After adjustment for competing mortality,
compared with non-DM patients, chronic HBV patients with
new onset DM had a signiﬁcantly higher cumulative incidence of
HCC (relative risk: 1.628, 95% CI: 1.114, 2.378).32
A retrospective study from China, reviewed the medical
records of 1,582 patients diagnosed with liver cirrhosis from

Figure 3. Overview of studies that evaluated DM and HBV-related hepatocellular carcinoma.
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June 2003 to July 2013, and found that HCC rates in patients
with HBV-induced cirrhosis were higher in DM than non-DM
patients (7.1% vs. 6.7%).35
Two studies used a case-control design to assess the
effect of DM on HCC in patients with HBV.15,33 The ﬁrst
study, which included hospitalized HCC cases and a random control sample, observed that the effect of DM on the
risk for developing HCC was synergistic with HBV infection.33 The second study, which enrolled chronic HBVrelated HCC cases and chronic HBV controls, showed that
DM was signiﬁcantly associated with HCC in women with
chronic HBV (OR: 1.9; 95% CI: 1.1, 3.4), whereas no association was observed in men.15
Death and liver transplant
An overview of the risk of death and liver transplant is
shown in Fig. 4. Four studies conducted in the US, Taiwan
and Spain reported on the risk of death in HBV patients by
DM status.38-41 Two cohort studies reported all-cause mortality,38,40 one nested case-control study reported liver
related mortality,39 and one cohort study reported all-causemortality and HBV-related mortality.41 The risk of death in
HBV patients was investigated by DM status in 2 of the
studies,38,40 while in the other 2 studies DM type was not
reported.39,40 DM was found to be a predictor of all-cause
mortality in HBV patients,38-40 and DM increased the risk of
death from liver disease in HBsAg-positive men.39 The
cohort study on Kaiser Permanente Northern California
members indicated that DM was not a predictor of hepatitisrelated death in HBV patients (HR: 1.3; 95% CI: 0.9, 1.8).41

Figure 4. Overview of studies that evaluated DM and HBV-related mortality.

Survival rates in HBV patients by Type 1 or 2 DM status
were described in 2 studies.38,42 A cohort study involving
patients who had undergone primary liver resection for HCC
in Taiwan during 1996–1999 analyzed survival in HBV-related
HCC patients (n D 162).38 The survival rate was higher after
one, 3, and 5 y in patients without DM compared with those
with DM. In a case-control study from China during 2003–
2007, the post-liver transplantation survival rate was higher in
HBV-related liver disease patients without DM than with
DM.42 The study also conducted one-, 2-, and 3-year survival
rate analyses on DM subgroups, where adult patients with
cadaveric-related liver transplant for hepatitis-related liver disease served as cases and liver transplant recipients as controls.42
The risk of orthotopic liver transplant combined with the risk
of death in HBV patients by DM status was reported from a single cohort study conducted in New Zealand from 2000–2012.37
DM was found to be a predictor of all-cause mortality/orthotopic
liver transplant (HR: 2.25; 95% CI: 1.96, 4.22) and for liverrelated mortality/orthotopic liver transplant (HR: 2.26; 95% CI:
1.05, 4.86) in HBV patients with features of established cirrhosis.
No data on the risk of liver transplant alone were found.
Relationship between HBV, NAFLD, and NASH
A single article described the relationship between DM and
NASH in increasing the risk of HBV disease progression.43 In
this cross-sectional study conducted in US between 2000 and
2006, although a higher proportion of chronic HBV patients
with DM than without DM had NASH (20% vs. 12%), the difference in the prevalence of NASH in chronic HBV patients
with and without DM was not signiﬁcant.
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Discussion
This review was based on a systematic literature search from
2000 to 2017 to identify publications about the progression of
HBV-related liver disease in people with DM. Twenty articles
were identiﬁed with data on HBV disease progression by DM
status, most of which reported that DM was a predictor for the
outcome of interest, including delayed seroclearance, cirrhosis,
decompensated cirrhosis, HCC, orthotopic liver transplant/
mortality and death. There were no studies about NAFLD in
adults with HBV and DM, and one study showed that in people
with HBV infection, the prevalence of NASH was similar
regardless of DM status. The majority of the studies identiﬁed
were conducted in HBV-endemic countries such as China and
Taiwan, but reports from the US, Spain, Greece, France, and
New Zealand were also included.
Because liver cirrhosis itself may lead to glucose intolerance
and DM, the temporal relationship of DM and cirrhosis in
patients with chronic HBV is unclear.44-46 Our searches identiﬁed 3 studies showing that DM increased the risk of cirrhosis,
including 2 small case-control studies,26,27 and a large crosssectional study to identify HBV infected patients with newly
diagnosed DM in Taiwan.14 The latter study showed that the
rate of cirrhosis was 1.31 per 10,000 person-years in those with
DM, and 0.28 per 10,000 person-years in those without DM.
Moreover, given the temporal association by which newly diagnosed DM preceded and accelerated cirrhosis and decompensated cirrhosis in chronic HBV patients, the authors suggested
that a causal relationship between DM and the development of
cirrhosis is possible.14 One study in China also showed that
metabolic syndrome increased the risk of liver ﬁbrosis in
patients with chronic HBV.29 Although the studies indicate
that DM is related to cirrhosis, in one study the association
between DM and cirrhosis was not signiﬁcant,28 suggesting
that impact of DM on cirrhosis is not clear-cut.
There were 9 studies that assessed DM status and HCC with
mixed results. Four studies showed that DM and/or obesity and
metabolic syndrome were not associated with the development
of HBV-related HCC.12,15,31-37 In a cohort study in Taiwan, metabolic syndrome and obesity were not signiﬁcant risk factors for
HCC.31 In a further cohort study in Taiwan, 21.6% of HBsAgpositive patients developed HCC; multivariate analysis of the
entire cohort showed that HBsAg-positive serostatus and DM
were independent predictors for the development of HCC,
whereas among the HBsAg-positive population, DM was not an
independent predictor of HCC.34 Finally, in studies in Korea
and China, DM did not increase the incidence of HCC in
patients with HBV-related cirrhosis, and in the Chinese study
HBV was the only signiﬁcant risk factor for HCC.29,35 Conversely, 4 studies reported that DM was a predictor of HCC in
patients with HBV infection including a prospective study in
China which showed that DM was associated with an increased
risk of HCC irrespective of HBV infection status (relative risk
2.17), and among HBsAg-positive subjects, DM was the most
important risk factor for HCC (relative risk 2.41).12 Moreover,
based on the ﬁnding that the risk of HCC was 100-fold higher
among chronic HBV patients with both obesity and DM than
without these metabolic syndromes, the authors suggested a synergistic effect of metabolic factors and HBV infection.12 In a
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large cross-sectional study in Taiwan, the incidence of HCC in
chronic HBV patients was 0.61 per 100 person-years in subjects
with new-onset DM, and was 0.36 per 100 person-years in those
without DM, and the multivariate analysis showed that after
adjusting for factors such as age, hyperlipidemia, HBV treatment, and obesity, new onset DM was a signiﬁcant predictor of
HBV-related HCC (hazard ratio 1.76).32 Furthermore, the
authors suggested a causal relationship by which DM promotes
HCC in people with chronic HBV based on the ﬁnding that
DM often preceded HCC by many years.32
There were 4 studies that reported the risk of death in HBV
patients by DM status, and one study assessed the risk of orthotopic liver transplant combined with the risk of death.37-41 In one
cohort study in the US, DM was not a predictor of hepatitisrelated death in HBV patients, whereas the other studies reported
that in HBV patients, DM was a predictor of all-cause death, allcause mortality/orthotopic liver transplant and liver-related mortality/orthotopic liver transplant, as well as post-liver transplantation survival rate. More data are needed particularly regarding
the impact of DM on liver transplantation outcomes in patients
with HBV, although the studies suggest that DM is associated
with an increased risk of death in HBV patients.
There was only one paper identiﬁed for the review which
assessed the effect of DM on serological outcomes, which
reported that patients with chronic HBV infection have
reduced rates of HBeAg seroclearance if they have metabolic
syndrome based on central obesity, dyslipidemia, hypertension,
or impaired fasting glycemia.13 Moreover, the study reported
that delayed HBeAg seroclearance was not predicted by severe
hepatic steatosis, NASH, or increased BMI, suggesting that
these factors may not affect seroclearance directly, although the
authors could not deﬁne the pathological mechanism underlying the reduced seroclearance in metabolic syndrome.13
In a recent systematic review, the prevalence of NAFLD was
estimated to be 25% of adults globally, 24% in North America,
23% in Europe, and 27% in Asia,18 yet despite this high prevalence, our review showed that there are a lack of data about progressive fatty liver disease in patients with chronic HBV
infection. We identiﬁed only one study which assessed the prevalence of NASH in patients with chronic HBV with and without
DM; the US-based study showed that the rate of NASH was
higher in DM vs. non-DM patients and although central obesity,
hypertension, and dyslipidemia were associated with NASH,
there was no association between DM and NASH.43
This review has limitations. First, all the studies included were
hospital-based, thus selecting for a sub-group of the population,
and the type of DM was not always reported, although the large
majority of cases were Type 2 DM. In addition, variation in the
case-deﬁnitions of Type 2 DM between studies is also a confounding factor. There was also a degree of heterogeneity
expected in study design, geographic location, subjects, and statistical methodology between studies. Indeed, in the studies using a
retrospective study design, possible misclassiﬁcation of HBV,
DM status, and outcome status could have occurred. In fact,
none of the studies fully described anti-HBV viral therapy or
response to treatment. Finally, because of the small number of
the available studies and heterogeneity of design, we did not feel
that it was appropriate to provide a meta-analytic summary of
different factors associated with the study outcomes.
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Nevertheless, it is important to know that in most countries
with a relatively low prevalence of HBV infection, HBV vaccination in adults is reimbursed on a risk-based approach with no
speciﬁc guidance on adults with DM. In 2011, the US ACIP
recommended HBV vaccination for adults with DM aged
19–59 years,25 and in 2013, the National Vaccination Committee in Belgium, recommended HBV for adults with DM aged
23–59 years.26 The recommendation in the US for HBV vaccination of adults with DM was based on the available clinical
evidence as well as the cost-effectiveness of HBV vaccination for
unvaccinated adults aged 20–59 years with DM; the cost-effectiveness model estimated that with a 10% uptake rate, 528,047
people would be vaccinated, thus preventing 4,271 HBV infections, 467 hospitalizations, 256 chronic cases, 33 cases of hepatocellular carcinoma, 13 liver transplants, and 130 deaths, with
an estimated cost per QALY saved of about $75,100.47 Vaccination of people aged >60 years with DM was not considered to
be a cost-effective strategy.47 However, the published cost-effectiveness model assumed that the progression of HBV disease in
people with DM was the same as for non-DM individuals,
whereas studies identiﬁed in this review suggest that the progression of HBV-related cirrhosis, HCC, and death may be
more rapid in DM than non-DM populations. Given the proﬁle
of HBV-disease in people with DM, an updated analysis taking
disease progression into account would be expected to improve
the cost-effectiveness of HBV vaccination strategies.
In conclusion, our review suggests that in adults with HBV
infection, DM is associated with the progression to severe liver
outcomes, including cirrhosis, HCC, and death. However, most
of the reviewed data on HBV assessed liver disease progression
among patients who were chronically infected with HBV.
Given that the probability of progression from acute to chronic
HBV infection is inversely related to age, with the highest rates
observed among those infected in infanthood, universal vaccination of infants is the best strategy to prevent HBV-related
liver disease, HCC, and death. Nonetheless, evidence is emerging to show that adult groups, particularly subjects with DM,
may beneﬁt from HBV vaccination, although more studies are
needed to better understand the relationship between metabolic
syndromes and HBV-related disease to help public health
authorities make informed decisions about the beneﬁts of HBV
vaccination in adults with DM and liver-diseases.

Studies that were relevant for the objectives were included if
they had a cohort, case-control or cross-sectional design. Studies were excluded if they were non-pertinent article types
(letters to the editor, editorials or comments); animal, genetic,
biochemistry or molecular studies; case reports; economic evaluations; modeling studies; narrative reviews; studies with insufﬁcient methodological quality or detail; and articles with no
quantitative data. Only the most recent publications which
described similar results in identical data sets were included.
Data extraction and analyses
Relevant articles from the literature search were identiﬁed using
a 3-step selection procedure. Firstly, the articles were screened
by title and abstract to identify those containing relevant data,
with 2 independent researchers screening 30% of the titles and
abstracts in duplicate. Secondly, the full-text of the selected
articles was fully assessed, to ensure compliance with the inclusion and exclusion criteria and to determine whether one of the
review questions was answered. Thirdly, the articles were further screened during the data-extraction phase. If meta-analyses or good quality systematic reviews were identiﬁed, the
reference lists were checked for original articles for inclusion
instead of the systematic review or meta-analysis article.
The methodological quality of the articles was evaluated
using the CoCanCPG checklists,48 which include the most
important criteria on publication quality from the PRISMA
and STROBE guidelines. Data were extracted into 2 tables.
1) Disease progression of hepatitis B (seroconversion, developing cirrhosis and decompensated cirrhosis, hepatocellular
carcinoma, liver transplant and death) in subjects with and
without DM. Articles were sorted by disease status (disease
progression of subjects with hepatitis B by DM status; disease progression of subjects with DM by hepatitis B status;
disease progression by hepatitis B and DM separately; and
disease progression by hepatitis B only), country and ﬁrst
author of publication. 2) The relationship between DM and
other conditions (e.g. NASH and NAFLD) in the increased
risk of hepatitis B progression in subjects with DM.
The data in the studies were extracted systematically and we
provide the data extraction tables and a narrative description of
the results. No meta-analyses or other summary analyses were
performed.

Methods
Searches
A systematic search of English language publications between
January 1st 2000 and January 9th 2017 was performed using
the PubMed, Embase, and Cochrane databases. Further
searches were conducted to identify relevant gray literature
including websites for World Health Organization, US Centers
for Disease Prevention and Control, European Centers for Disease Prevention and Control, and The EuroHep.Net project.
There were 2 search objectives: HBV in DM subjects; and
HBV in non-DM subjects. The search strings combined hepatitis B, DM, and outcome terms to retrieve articles with data on
seroconversion, seroclearance, liver cirrhosis, HCC, liver transplantation, death, NASH, and NAFLD.
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