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Background. The impact of diabetes on cirrhosis, its decompensation, and their time relationship in patients
with chronic hepatitis B (CHB) remain unclear.

Methods. We conducted a nationwide cohort study by using the Taiwanese National Health Insurance Research
Database, which was comprised of data from >99% of the entire population. Among 1 million randomly sampled
enrollees, 14 523 adult CHB patients were identified from 1997 to 2009. Diabetes was defined as newly diagnosed in
CHB patients who were given the diagnosis in the years 1998–2001 but not in 1996–1997 and with physician visits
of at least twice per year. The cohorts of CHB with newly diagnosed diabetes (n = 351) and without diabetes
(n = 7886) were followed up from the diagnosis of diabetes and from 2000 in the patients without diabetes until de-
velopment of cirrhosis or its decompensation, withdrawal from insurance, or December 2009.

Results. Kaplan-Meier survival analysis showed a significantly higher cumulative incidence of cirrhosis (relative
risk [RR] = 3.43; 95% confidence interval [CI], 2.62–4.49; P < .001, log-rank test) and decompensated cirrhosis
(RR = 4.11; 95% CI, 2.95–5.70; P < .001, log-rank test) among patients with newly developed diabetes compared
with those without diabetes. After adjustment for age, sex, CHB treatment, hepatocellular carcinoma, and comor-
bidity index by Cox proportional hazards model, diabetes was still an independent predictor for cirrhosis (hazard
ratio [HR] = 2.015; 95% CI, 1.393–2.915; P < .001) and its decompensation (HR = 1.792; 95% CI, 1.192–2.695;
P = .005).

Conclusions. Patients with CHB who develop diabetes are at an increased risk of liver cirrhosis and its decom-
pensation over time.
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Hepatitis B virus (HBV) infection is a global health
problem. Approximately 2 billion people in the world
have been infected by HBV, 350 million of whom are
chronic carriers of the virus [1]. The infection can
cause acute and chronic hepatitis, cirrhosis, and hepa-
tocellular carcinoma [1, 2]. HBV-related liver cirrhosis
is one of the leading causes of death worldwide [3].
Diabetes mellitus is a very common disease and has
been proposed as a risk factor for cirrhosis in patients
with chronic hepatitis B [4–6]. The prevalence of diabe-
tes increases with higher liver fibrosis score in chronic
hepatitis B patients [7].
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However, the time relationship of diabetes for cirrhosis de-
velopment of chronic hepatitis B patients in these studies
remains largely unknown. Most, if not all, of these association
studies between diabetes and cirrhosis in chronic hepatitis B
patients were case-control studies. Because cirrhosis itself may
lead to glucose intolerance and diabetes [8–10], whether
the presence of diabetes will hasten cirrhosis development in
hepatitis B virus carriers remains controversial. To study the
impact of diabetes on cirrhosis development requires a longitu-
dinal chronic hepatitis B cohort to enroll patients with newly
diagnosed diabetes prior to the emergence of cirrhosis.

Taiwan is an HBV-endemic area. About half of Taiwanese
chronic HBV carriers acquire the infection through perinatal
transmission from carrier mothers to newborns [11], and the
rest of them are infected early in life [12, 13]. The rate of spon-
taneous hepatitis B surface antigen clearance is extremely low
[14–16]. Thus, although the diagnosis of chronic hepatitis B is
made in adulthood, these patients have typically been infected
for decades. In this large population-based cohort study, we
evaluated the risk of cirrhosis and its decompensation in adult
chronic hepatitis B patients who developed diabetes during
long-term follow-up by using the National Health Insurance
Research Database (NHIRD) in Taiwan.

METHODS

Ethics Statement
The procedures followed were in accordance with the ethical
standards of the Institutional Review Board of the Cathay
General Hospital (CGH-P101056) and with the Helsinki Dec-
laration (1964, amended most recently in 2008) of the World
Medical Association. Informed consent was not obtained as the
data were analyzed anonymously.

Databases
National Health Insurance in Taiwan is a nationwide health
program introduced in March 1995. The NHIRD comprises of
healthcare claims data from >99% of the 24 million inhabitants
of Taiwan. NHIRD includes information on ambulatory and in-
patient care, prescription drugs, and medical institutions. Diag-
noses are coded according to the International Classification of
Diseases, Ninth Revision (ICD-9; Supplementary Table 1). For
the precision of the claims data, the Bureau of National Health
Insurance performs expert reviews on a random sample of every
50–100 ambulatory and inpatient claims in each hospital and
clinic quarterly. False reports of diagnosis yield a severe penalty
from the Bureau of National Health Insurance (BNHI).

Study Population
The study population included 1 million enrollees who were
randomly sampled by BNHI from the original claims data of

NHIRD. There was no significant difference in the sex (P =
.613; http://w3.nhri.org.tw/nhird/en/Data_Subsets.html#S2) [17]
and age distribution (http://nhird.nhri.org.tw/date_cohort.
htm) between the patients in the randomly sampled data and
the original NHIRD. Figure 1 depicts the flowchart of enroll-
ment. We identified adult (>20 years of age) chronic hepatitis B
patients by ICD-9 codes (Supplementary Table 1) from 1997 to
2009. Newly diagnosed diabetes was defined as a diagnosis of
diabetes in the years 1998–2001 but no such diagnosis during
the years 1996–1997. To increase the accuracy of the diagnosis
of diabetes, we enrolled diabetes patients with physician visits
of at least twice per year. The nondiabetes cohort was com-
prised of chronic hepatitis B patients without an assigned diag-
nosis of diabetes from 1997 to 2009.

To increase the probability of capturing new (incident) cases
of cirrhosis, we excluded patients with the diagnosis of cirrhosis
or esophageal varices before the inception point for follow-up.
We also excluded patients with the diagnosis of alcoholic cir-
rhosis or biliary cirrhosis. To increase the homogeneity of the
study population, we excluded patients with alcoholic liver
disease or hepatitis C infection. The time at risk of cirrhosis
was measured from the inception point in the newly diagnosed
diabetes cohort and from the year 2000 in the nondiabetes
cohort until the development of cirrhosis, esophageal varices,
withdrawal from insurance, or December 2009. Decompensat-
ed cirrhosis was defined as development of cirrhosis and en-
cephalopathy, or cirrhosis and ascites, or inclusion in the
Registry for Catastrophic Illness Patient Database (RCIPD), a
subpart of the NHIRD. One of the following criteria is required
for cirrhotic patients to be registered in the RCIPD: (1) intracta-
ble ascites, (2) variceal bleeding, or (3) hepatic coma or liver de-
compensation. The time at risk of decompensated cirrhosis was
measured from the inception point in the newly diagnosed dia-
betes cohort and from 2000 in the nondiabetes cohort until the
development of decompensated cirrhosis, withdrawal from in-
surance, or December 2009.

We searched chronic hepatitis B patients receiving treatment
by the Anatomical Therapeutic Chemical Classification Sys-
tem [18] (Supplementary Table 1): interferons, lamivudine,
adefovir dipivoxil, telbivudine, and entecavir. In Taiwan, teno-
fovir was not reimbursed for the treatment of chronic hepatitis
B in the entire study period. To adjust for the effect of comor-
bidities, we searched comorbid illnesses in the NHIRD to cal-
culate the Deyo comorbidity index as a modification of the
Charlson disease severity index [19]. The index comprises 12
diagnostic categories: myocardial infarction; congestive heart
failure; peripheral vascular disease; cerebrovascular disease; de-
mentia; chronic pulmonary disease; rheumatic disease; peptic
ulcer disease; hemiplegia or paraplegia; renal disease; any
malignancy, including lymphoma and leukemia, except malig-
nant neoplasm of skin; metastatic solid tumor; and human
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immunodeficiency virus/AIDS. In constructing the index, we
did not include mild liver disease, moderate or severe liver
disease, diabetes without chronic complication, or diabetes
with chronic complication. The composite score for the modi-
fied Deyo comorbidity index was compared between the
cohorts of chronic hepatitis B patients with newly diagnosed di-
abetes and those without diabetes, which was also included as a
covariate in the Cox regression analysis.

Statistical Analyses
Demographics and clinical characteristics between chronic hepa-
titis B patients with newly diagnosed diabetes and those without
diabetes were analyzed by χ2 test for univariate comparisons
between dichotomous variables, and Student t tests for continu-
ous variables. All of the tests of significance were 2-tailed, and a

P value of <.05 was considered statistically significant. The stan-
dardized incidence ratio and cumulative incidence of the study
outcome were estimated in Kaplan-Meier survival analyses. The
log-rank test was used to test the statistical significance for differ-
ences in the incidence rates of cirrhosis and its decompensation
between patients with newly diagnosed diabetes and those
without diabetes. The risks of cirrhosis and its decompensation
were modeled in a Cox proportional hazards survival analysis
that examined the risk associated with diabetes after adjustment
for age in each incremental year, sex, chronic hepatitis B treat-
ment, hepatocellular carcinoma (HCC), and comorbidity index.
The SAS PROC LIFETEST package and SPSS software were used
for the Kaplan-Meier survival analysis, and the SAS package
PROC PHREG was used for the Cox proportional hazards
model. All analyses were performed using SAS software version

Figure 1. Flowchart of enrollment of chronic hepatitis B patients with newly diagnosed diabetes and those without diabetes (nondiabetes).
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9.2 (SAS Institute, Cary, North Carolina) and SPSS program for
Windows 10.0 (SPSS Inc., Chicago, IL).

RESULTS

A total of 14 523 adult chronic hepatitis B patients were identi-
fied. The diabetes cohort comprised 351 patients and the non-
diabetes cohort 7886 patients (Figure 1). Table 1 showed the
characteristics of patients in both cohorts. Patients with newly
diagnosed diabetes were older by an average of 12 years than
those without diabetes. Although patients without diabetes

were followed up for an average of 0.4 years longer duration, a
lesser proportion of them (2.6%) had cirrhosis as compared to
patients with newly diagnosed diabetes (10.8%). Patients with
newly diagnosed diabetes had a higher comorbidity index than
those without diabetes (mean, 2.9 vs 1.6; P < .001). There were
more HCCs in patients with newly diagnosed diabetes than in
those without diabetes (6% vs 2.5%; P < .001). Cirrhosis preced-
ed HCC in all patients with concomitant cirrhosis and HCC.

The Kaplan-Meier survival analysis showed that the stan-
dardized incidence ratio of cirrhosis was higher in chronic
hepatitis B patients with newly diagnosed diabetes who were

Table 1. Comparison of Demographic and Clinical Characteristics Between Chronic Hepatitis B Patients With Newly Diagnosed
Diabetes and Those Without Diabetes

Characteristics

Newly Diagnosed
Diabetes (n = 351)

Nondiabetes (n = 7886)

P ValueNo. % No. %

Age, y, mean ± SD 49.04 ± 11.55 37.04 ± 11.96 <.001

20–39 74 21.1 5036 63.9
40–59 211 60.1 2444 31.0

60–79 64 18.2 394 5.0

≥80 2 0.6 12 0.2
Sex .613

Male 209 59.5 4802 60.9

Female 142 40.5 3084 39.1
Follow-up, y, mean ± SD 9.34 ± 1.93 9.75 ± 1.13 <.001

Cirrhosis incidence 38 10.8 208 2.6 <.001

Comorbidity index scorea 2.89 ± 2.60 1.64 ± 1.98 <.001
0 47 13.4 2307 29.3

1 67 19.1 2489 31.6

2 76 21.7 1494 18.9
≥3 161 45.8 1596 20.2

Myocardial infarction 7 2.0 51 0.6 .003

Congestive heart failure 31 8.8 213 2.7 <.001
Peripheral vascular disease 14 4.0 162 2.1 .014

Cerebrovascular disease 68 19.4 555 7.0 <.001

Dementia 10 2.8 69 0.9 <.001
Chronic pulmonary disease 169 48.1 2679 34.0 <.001

Rheumatologic disease 27 7.7 359 4.6 .006

Peptic ulcer disease 218 62.1 3800 48.2 <.001
Hemiplegia or paraplegia 8 2.3 59 0.7 .002

Renal disease 74 21.1 599 7.6 <.001

Any malignancy (including lymphoma and leukemia) 91 25.9 1139 14.4 <.001
Metastatic solid tumors 21 6.0 237 3.0 .002

HIV/AIDS 0 0.0 11 0.1 .484

Chronic hepatitis B treatment 28 8.0 617 7.8 .917
Hepatocellular carcinoma 21 6.0 197 2.5 <.001

Chronic hepatitis B treatment (Anatomical Therapeutic Chemical Classification System): interferons (L03AB, S01AD05), lamivudine (J05AF05), adefovir dipivoxil
(J05AF08), telbivudine (J05AF11), and entecavir (J05AF10).

Abbreviations: HIV, human immunodeficiency virus; SD, standard deviation.
a Comorbidity index includes 12 disease categories described fully in the Methods section.
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between 20 and 79 years old, either men or women, either re-
ceiving chronic hepatitis B treatment or not, with concomitant
HCC, and those with comorbidity index scores of ≥3, when
compared to those without diabetes (Table 2). Furthermore,
the Kaplan-Meier survival analysis also showed a significantly
higher cumulative incidence of cirrhosis (log-rank test, P <
.001; Figure 2), with a relative risk (RR) of 3.43 (95% confidence
interval [CI], 2.62–4.49) as well as significantly higher cumula-
tive incidence of decompensated cirrhosis (log-rank test, P <
.001; Figure 3), with an RR of 4.11 (95% CI, 2.95–5.70) among
chronic hepatitis B patients with newly diagnosed diabetes as
compared to those without diabetes.

During the follow-up of 2900 person-years with newly diag-
nosed diabetes, 38 chronic hepatitis B patients developed cir-
rhosis (incidence rate, 1.31 per 10 000 person-years), whereas
during the follow-up of 73 380 person-years without diabetes,
208 chronic hepatitis B patients developed cirrhosis (incidence
rate, 0.28 per 10 000 person-years). Consistent with this increased
incidence among chronic hepatitis B patients with newly diagnosed
diabetes, the adjusted hazard ratios in the Cox proportional

Table 2. Risk Factors for Cirrhosis in a Population-Based Cohort of Chronic Hepatitis B Patients With Newly Diagnosed Diabetes and
Those Without Diabetes

Variable

Newly Diagnosed Diabetes (n = 351) Nondiabetes (n = 7886)

P ValueaCirrhosis, No. SIR, %, Range Cirrhosis, No. SIR, %, Range

Age
20–39 3 4.05 (1.99–6.11) 53 1.05 (0.83–1.27) .009

40–59 20 9.48 (6.42–12.54) 113 4.62 (4.16–5.08) .002

60–79 15 23.44 (19.01–27.87) 42 10.66 (9.98–11.34) .027
≥80 0 0 0 0 NA

Sex

Male 26 12.44 (8.99–15.89) 165 3.44 (3.04–3.84) <.001
Female 12 8.45 (5.54–11.36) 43 1.39 (1.13–1.65) <.001

Chronic hepatitis B treatment

Yes 8 28.57 (23.84–33.30) 66 10.70 (10.02–11.38) .007
No 30 9.29 (6.25–12.33) 142 1.95 (1.64–2.26) <.001

Hepatocellular carcinoma

Yes 11 52.38 (31.02–73.74) 59 29.95 (23.55–36.35) .036
No 27 1.94 (1.63–2.25) 149 8.18 (5.22–11.14) <.001

Comorbidity index scoreb

0 0 0 9 0.39 (0.25–0.53) .696
1 1 1.49 (0.22–2.76) 25 1.00 (0.78–1.22) .629

2 3 3.95 (1.91–5.99) 28 1.87 (1.57–2.17) .146

≥3 34 21.12 (16.85–25.39) 146 9.15 (8.51–9.79) <.001

Chronic hepatitis B treatment (Anatomical Therapeutic Chemical Classification System): interferons (L03AB, S01AD05), lamivudine (J05AF05), adefovir dipivoxil
(J05AF08), and entecavir (J05AF10).

Abbreviations: CHB, chronic hepatitis B; NA, not applicable; SIR, standardized incidence ratio.
a Kaplan-Meier survival analysis with log-rank test.
b Comorbidity index includes 12 disease categories described fully in the Methods section.

Figure 2. Cumulative incidence of cirrhosis in chronic hepatitis B
patients with newly diagnosed diabetes and those without diabetes (non-
diabetes).
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hazards analysis for cirrhosis and its decompensation were
2.055 (95% CI, 1.420–2.975; P < .001) and 1.801 (95% CI,
1.198–2.708; P = .005), respectively, after controlling for differ-
ences in age, sex, chronic hepatitis B treatment, HCC, and co-
morbidity index (Tables 3 and 4, respectively). The Kaplan-
Meier curves for cirrhosis and decompensated cirrhosis were
superimposed in the nondiabetes cohort, suggesting that most
of the diagnoses of cirrhosis were those of decompensated cir-
rhosis. However, new-onset diabetes not only increased the risk

for decompensated cirrhosis but also compensated cirrhosis
(Supplementary Figure 1 and Supplementary Table 2).

To further disentangle the effects of age and sex, we repeated
the analysis in chronic hepatitis B patients (n = 1691) with
newly diagnosed diabetes and those without diabetes by using a
1:4 ratio of age and sex random sample matching. After adjust-
ment for differences in chronic hepatitis B treatment and co-
morbidity index, the risk for cirrhosis in the Cox proportional
hazards analysis persisted. The hazard ratio was 1.700 (95% CI,
1.133–2.550; P = .01). Furthermore, the hazard rate ratio for cir-
rhosis persisted over time. The hazard rate ratio was 2.674 (95%
CI, 0.756–9.456) at 3 years, 2.290 (95% CI, 1.329–3.947) at 6
years, and 2.306 (95% CI, 1.587–3.351) at 9 years.

DISCUSSION

This large population-based study in an HBV-endemic country
with careful selection of patients with newly diagnosed diabetes
strongly suggested that diabetes accelerates cirrhosis develop-
ment and its decompensation in chronic hepatitis B patients. A
causal relationship could be inferred by the findings of a tem-
poral association by which diabetes preceded the development
of liver cirrhosis and its decompensation.

Previous case-control studies reported that 21%–40% of pa-
tients with cirrhosis had diabetes [4, 5, 8, 9, 20, 21]; however,
these studies failed to address the time relationship between di-
abetes and cirrhosis. The current study corroborated the signifi-
cance of the correlation between diabetes and cirrhosis as well
as its decompensation. Furthermore, our data showed that dia-
betes preceded cirrhosis development and its decompensation,
in some cases by many years, providing strong support for a

Figure 3. Cumulative incidence of decompensated cirrhosis in chronic
hepatitis B patients with newly diagnosed diabetes and those without dia-
betes (nondiabetes).

Table 4. Risk Factors for Decompensated Cirrhosis: Results of
the Cox Proportional Hazards Analysis in a Population-Based
Cohort of Chronic Hepatitis B Patients

Variable Adjusted HR 95% CI P Value

Newly diagnosed diabetes 1.801 1.198–2.708 .005

Older age (per 1 y) 1.031 1.021–1.042 <.001

Men (vs women) 1.704 1.271–2.284 <.001
CHB treatment (vs no treatment) 5.015 3.834–6.560 <.001

Hepatocellular carcinoma 4.080 2.907–5.725 <.001

Comorbidity indexa 1.118 1.068–1.171 <.001

All of these patients had no cirrhosis before the inception point and within 1
year of follow-up. All covariates included in the model are shown in the table.
CHB treatment (Anatomical Therapeutic Chemical Classification System):
interferons (L03AB, S01AD05), lamivudine (J05AF05), adefovir dipivoxil
(J05AF08), telbivudine (J05AF11), and entecavir (J05AF10).

Abbreviations: CHB, chronic hepatitis B; CI, confidence interval; HR, hazard
ratio.
a Comorbidity index includes 12 disease categories described fully in the
Methods section.

Table 3. Risk Factors for Cirrhosis: Results of the Cox Proportional
Hazards Analysis in a Population-Based Cohort of Chronic
Hepatitis B Patients

Variable Adjusted HR 95% CI P Value

Newly diagnosed diabetes 2.055 1.420–2.975 <.001

Older age (per 1 y) 1.046 1.036–1.056 <.001
Men (vs women) 1.881 1.382–2.560 <.001

CHB treatment (vs no treatment) 3.642 2.743–4.835 <.001

Hepatocellular carcinoma 4.774 3.506–6.501 <.001
Comorbidity indexa 1.195 1.146–1.246 <.001

All of these patients had no cirrhosis before the inception point and within 1
year of follow-up. All covariates included in the model are shown in the table.
CHB treatment (Anatomical Therapeutic Chemical Classification System):
interferons (L03AB, S01AD05), lamivudine (J05AF05), adefovir dipivoxil
(J05AF08), telbivudine (J05AF11), and entecavir (J05AF10).

Abbreviations: CHB, chronic hepatitis B; CI, confidence interval; HR, hazard
ratio.
a Comorbidity index includes 12 disease categories described fully in the
Methods section.
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causal association. In addition, the potential bias in determin-
ing the time relationship between diabetes and cirrhosis was
minimized by the exclusion of patients with the diagnosis of
cirrhosis or esophageal varices before the inception point for
follow-up.

In previous case-control studies, it was difficult to determine
the independent effect of diabetes due to inclusion of other
strong risk factors for cirrhosis. We included homogeneous
chronic hepatitis B patients with exclusion of comorbid illness
of alcoholic liver diseases and hepatitis C virus infection in this
large population study. Furthermore, we performed additional
analyses in which the hazard ratio for cirrhosis and its decom-
pensation was obtained while controlling for age, sex, chronic
hepatitis B treatment, HCC, and comorbidity index. The results
indicated that diabetes is a risk factor for cirrhosis and its de-
compensation, independent of the above-mentioned well-recog-
nized risk factors.

Our study had several strengths. First, with the inclusion of
8237 chronic hepatitis B patients with a follow-up of up to 10
years in the analysis, we were able to demonstrate the increased
risk of cirrhosis and its decompensation in newly diagnosed di-
abetes that might be over- or underestimated in a smaller study.
Second, the use of the population-based Taiwanese NHIRD
allowed the identification of a large cohort of chronic hepatitis
B patients with good generalizability. Third, to our knowledge,
this is the largest cohort study in the literature to evaluate the
correlation between newly diagnosed diabetes and cirrhosis as
well as its decompensation in chronic hepatitis B patients.

There were several limitations in this study. First, in large ad-
ministrative datasets, there exists the possibility of misclassifica-
tion of both the risk and the outcome of interest (diabetes and
cirrhosis) such that the association cannot be verified. Taiwan
National Health Insurance puts efforts into preventing false di-
agnosis by performing quarterly expert reviews on diagnosis
and severe penalty on false diagnosis. Whereas most of the pa-
tients with diagnosis of diabetes are likely to have actual diabe-
tes, those without diabetes diagnosis may have had diabetes but
were underreported or underrecognized. Thus, this misclassifi-
cation bias might tend to diminish the true effect of diabetes.
Second, the validity of the ICD-9 codes to define cirrhosis,
esophageal varices, or decompensated cirrhosis was unknown.
Nevertheless, errors in coding or recording tend to occur in
random, as the same codes were used in both the diabetes and
nondiabetes groups, and might have a limited effect on the cal-
culated hazard ratios. Third, it is theoretically possible that cir-
rhosis, which itself could have driven development of diabetes,
could have been detected later than the diabetes because it may
have been clinically silent. However, this finding would not ad-
equately explain the continued persistence of excess risk for cir-
rhosis seen as far as 9 years after diabetes diagnosis (Figure 2).
Finally, potentially important variables related to diabetes

might not be included in this study, such as the severity and
treatment of diabetes, triglyceride level, and body mass index.

The mechanisms by which diabetes leads to fibrosis progres-
sion or cirrhosis in chronic hepatitis B remain unclear. The hy-
pothesis of the detrimental effect of diabetes on cirrhosis has
been linked to insulin resistance and hepatic steatosis [22, 23].
In chronic hepatitis B patients, diabetes independently corre-
lates with grading of hepatic steatosis and fibrosis [7]. However,
hepatic steatosis in HBV-infected patients is as frequent as in
the general population and is not related to fibrosis [24]. Thus,
diabetes, but not hepatic steatosis alone, may lead to fibrosis in
patients with chronic hepatitis B. Further studies are needed to
evaluate the underlying pathogenesis of diabetes in causing fi-
brosis progression or cirrhosis in chronic hepatitis B patients.

In summary, in a large population-based cohort study, after
adjustment for age, sex, chronic hepatitis B treatment, HCC,
and comorbidity index, newly diagnosed diabetes is still an
independent predictor for cirrhosis development and its decom-
pensation in patients with chronic hepatitis B. Chronic hepati-
tis B patients who develop diabetes during follow-up are at an
increased risk of cirrhosis and its decompensation over time
and should receive active management.

Supplementary Data
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(http://cid.oxfordjournals.org/). Supplementary materials consist of data
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