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Abstract
Background: The association between hepatitis C virus (HCV) infection and the occur-
rence of type II diabetes remains controversial. Prospective studies are needed to 
assess its causal temporality.
Methods: A cohort of 21 559 adults enrolled from seven townships in Taiwan during 
1991–1992 and followed till the end of 2010. Incident diabetes over a study time 
period from 2000 to 2010 was ascertained through computerized linkage with the 
National Health Insurance database and the National Death Certification profiles. 
Cox’s proportional hazards models were used to estimate hazard ratios (HRs) with 
95% confidence intervals (CIs). Antibodies against HCV (anti- HCV) were tested for all 
participants, and serum HCV RNA levels were measured for anti- HCV seropositives.
Results: During 180 244 person- years of follow- up, there were 1917 incident diabe-
tes cases recorded. The cumulative risk for diabetes was 10.9% for anti- HCV seron-
egatives and 16.7% for anti- HCV seropositives respectively. The HR for diabetes of 
anti- HCV seropositivity was 1.53 (95% CI: 1.29–1.81) compared with anti- HCV seron-
egatives after adjustment for risk predictors. The adjusted HRs were 1.63 (1.31–2.02) 
for anti- HCV seropositives with positive HCV RNA compared to anti- HCV seronega-
tives (P<.001).
Conclusion: Chronic HCV infection was associated with an increased risk for diabetes 
after adjustment for other risk predictors.
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More than 185 million people are or have previously been infect-
ed with hepatitis C virus (HCV) worldwide.1,2 Approximately 80% 
of individuals infected with HCV may progress to chronic infection, 
20% of whom may develop cirrhosis within 25 years; 25% of the 
cirrhosis patients may subsequently progress to hepatocellular car-
cinoma. In addition to hepatic complications, there is accumulating 
evidence that patients with HCV infection have a predisposition 
for developing extrahepatic disorders.3–5 The prevalence of type 2 
diabetes mellitus (DM) in Asian populations has increased rapidly in 

recent decades, with the overall prevalence for adults of 3%–12%.6 
A large number of adults suffer from both HCV and DM and the 
association of these two major public health concerns has been a 
topic of several studies.

Most of the previous studies that examined the association 
between HCV infection and diabetes were hospital- based studies and 
enrolled clinical subjects with severe liver disease7,8 and were vulner-
able to ascertainment bias. Large population- based studies that eval-
uate the association between HCV infection and diabetes are rare. A 
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well- known survey in the USA general population, National Health 
and Nutrition Examination Survey (NHANES), examined the relation-
ship between HCV infection and DM in different time periods.9–12 
However, their findings were inconsistent in the different time peri-
ods. Their most recent report did not demonstrate an association of 
HCV infection with diabetes or with insulin resistance.11 This well- 
conducted study concluded that elevated serum levels of alanine ami-
notransferase (ALT) and gamma glutamyl transferase were associated 
with diabetes or insulin resistance. The study highlighted the impor-
tance of adequately controlling for elevated liver enzymes in studies of 
the relationship of HCV with DM. They suggest that the HCV- infected 
population might also have higher rates of nonalcoholic steatohepa-
titis, a condition which has been shown to be associated with insulin 
resistance or diabetes.13,14

It is likely that the causal relationship between HCV infection 
and the development of DM cannot be elucidated clearly in cross- 
sectional studies.7,9–12,15,16 This community- based follow- up study 
was conducted to evaluate the causation between HCV infection and 
the subsequent occurrence of diabetes.

1  | METHODS

1.1 | Study cohort enrolment

In our community- based cohort study, a total of 23 820 (11 973 
men and 11 847 women) agreed to participate and provided written 
informed consent. Their demographic characteristics such as gender 
and age of participants were similar to those who did not participate. 
All participants received a comprehensive health examination at study 
entry, and those with abnormal findings of serological or biochemical 
tests were referred to hospitals or clinics for prompt management. 
Computerized linkage with the National Death Certification profiles 
from January 1, 2000 to December 31, 2010 was used to ascertain 
the vital status of all participants. A detailed description of the study 
population and data collection has been documented previously.17,18 
This study was approved by the institutional review board of the 
College of Public Health, National Taiwan University in Taipei.

1.2 | Interview and blood collection

All participants were interviewed by trained public health nurses 
with structured questionnaires. The collected information included 
demographic characteristics, habits of cigarette smoking and alcohol 
consumption and personal history of diseases. The “ever smoker” of 
cigarette smoking means that the participant took at least a pack of 
cigarette a month, and persisted at least for half- a- year. The “yes” of 
alcohol consumption means that the participant drank at least four 
times a week, and persisted at least for half- a- year. Anthropometric 
measurements including weight and height were also performed. 
Each participant provided a 10 mL blood sample using a standard 
sterile syringe for serological and biochemical tests. Blood samples 
were separated on the day of collection and kept at −70°C until 
assay.

1.3 | Laboratory examinations

Serological testing was performed as follows: HBsAg was tested by 
radioimmunoassay with commercial kits (Abbott Laboratories, North 
Chicago, IL, USA), and anti- HCV was tested by enzyme immunoas-
say with commercial kits. Samples positive for anti- HCV were further 
measured for HCV RNA by polymerase chain reaction using the COBAS 
TaqMan HCV test, v2.0 (Roche Diagnostics, Indianapolis, NJ, USA).

1.4 | Diabetes ascertainment

The National Health Insurance Database is based on a universal 
compulsory National Health Insurance programme launched by the 
Taiwanese government in March 1995. The programme provides 
coverage for nearly 100% of the total population in Taiwan, and the 
large computerized administrative and claims data derived from the 
programme have been maintained and released to investigators for 
research purposes since 1999. The accuracy of the diabetes diagnosis 
in this claims database has been assessed and demonstrated to have 
a high sensitivity19 and the database is considered appropriate to use 
to derive accurate prevalence and incidence of diabetes.20 The claims 
data set was used to identify the incident diabetes cases in our study 
population by matching with the identification number of our study 
participants. For patients’ privacy, the data set was managed and 
analysed following regulatory requirements with de- identified indi-
vidual health information. The identification of diabetes events was 
by the International Classification of Diseases, 9th Revision, Clinical 
Modification, ICD- 9- CM code 250.

The National Health Insurance database was only available and 
completed for outcomes research since 1999, thus all of our study 
participants were analysed using January 1, 2000 as their entry date 
into this diabetes study to assure the completeness of the data on inci-
dent diabetes cases. Patients fulfilling the following the criteria were 
classified as newly diagnosed diabetes cases: at least one hospital 
admission code with diabetes diagnosis or with three or more outpa-
tient visits code for diabetes.21,22 The hospital admission date or the 
first date of outpatient visit that met the criteria for diabetes, which-
ever came first, was used as the date of incident event. Participants 
who were reported to have diabetes history in the initial REVEAL- HCV 

Key points

• The temporal relationships between hepatitis C virus (HCV) 
infection and type II diabetes remained controversial.

• Serum HCV RNA levels used to define chronic HCV RNA 
infection is rarely used to evaluate their associations of dia-
betes in a long-term prospective study.

• The community-based cohort study suggested that HCV 
infection was associated with the incidence of type II 
diabetes.

• HCV infection was an independent risk factor for diabetes 
after controlling for other conventional risk factors.
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study questionnaire or those who were diagnosed with diabetes with-
in 1 year after starting follow- up in the National Health Insurance 
database (through December 31, 2000) were classified as prevalent 
diabetes cases. The study flow was as shown Fig. 1.

1.5 | Statistical analysis

Baseline profiles of participants seronegative and seropositive for 
anti- HCV were compared with chi- square tests using the data col-
lected in 1991–1992 at enrolment in the R.E.V.E.A.L.- HCV study. 
Person- years of follow- up were calculated for each participant as the 
time from the diabetes study entry date, January 1, 2000, either to the 
occurrence of incident diabetes, the date at death or to December 31, 
2010 for those who were still alive without incident diabetes, which-
ever came first. The incidence rate of diabetes was expressed per 
100 000 person- years of follow- up and it was calculated separately 
for participants seronegative and seropositive for anti- HCV by divid-
ing the number of incident diabetes case numbers by person- years of 
follow- up for each population subgroup. The cumulative risk of the 
incidence of diabetes in anti- HCV seronegatives and seropositives 
was estimated by Kaplan–Meier method and the statistical signifi-
cance of the difference was examined by log- rank test.

Potential confounding factors examined in the analyses included 
age, gender, cigarette smoking status, habitual alcohol consumption 
and education levels that were grouped into three categories. BMI 
was categorized into normal weight (BMI<23 kg/m2), overweight 
(BMI 23–<25 kg/m2), obese (BMI 25–<30 kg/m2) and morbid obese 
(BMI>30 kg/m2) based on the guidelines for adults Asians.23 Serum 
triglyceride and total cholesterol levels were dichotomized using the 
cut- off of 150 and 240 mg/dL respectively.24 ALT levels were dichot-
omized using a cut- off of 45 U/L. AST/ALT ratio was dichotomized 
using a cut- off of 1. Participants seropositive with anti- HCV were 

categorized into HCV RNA undetectable (≤25 IU/mL) and HCV RNA 
detectable.

Cox proportional hazards models were used to estimate multivariate- 
adjusted hazard ratio (HR) with 95% confidence intervals (95% CI) for 
diabetes risk by anti- HCV serostatus controlling for other conventional 
risk factors. Statistical significance levels were determined by a two- 
sided P value of .05. The proportionality assumption (nonchanging HRs 
over time) of Cox models was examined, and the assumption was not 
violated. All analyses were performed by using the SAS statistical soft-
ware package (release 9.1; SAS Institute Inc., Cary, NC, USA).

2  | RESULTS

In this study all of the participants were seronegative of HBsAg. 
There were 16 928 participants seronegative for anti- HCV and 930 
seropositive for anti- HCV after excluding subjects who died or had 
been diagnosed as diabetes through the time period of 1991–1999. 
Table 1 showed that women, older ages, low educational level, less 
alcohol consumption, low serum triglyceride level, high ALT level and 
hypertension history were more likely to be anti- HCV seropositives 
(P<.05).

There were 1917 incident cases of diabetes in 17 858 participants 
with 180 244 person- years of follow- up, giving an estimated unadjust-
ed incidence rate for diabetes of 1063 per 100 000 person- years. The 
study participants were followed for a median of 11.0 years. The cumu-
lative risk of diabetes was 10.9% for anti- HCV seronegatives and 16.7% 
for anti- HCV seropositives (P<.001) after follow- up as shown in Fig. 2.

Table 2 presents the results of univariate analyses of the incidence 
of diabetes by patient characteristics that have been shown to be 
associated with the risk of diabetes. As shown in Table 2, the diabetes 
incidence rates were 1035 and 1626 per 100 000 person- years for 

F IGURE  1 Flowchart of the study
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anti- HCV seronegatives and seropositives respectively. The results in 
Table 2 also show that male gender, older age, low educational level, 
cigarette smoking, alcohol drinking, high body mass index, high serum 

levels of triglycerides and total cholesterol, elevated serum levels of 
ALT and history of heart disease or hypertension at study entry were 
all associated with an increased risk for newly diagnosed diabetes. The 
unadjusted HR (95% CI) for diabetes was 1.59 (1.34–1.89) for those 
seropositive compared to those seronegative for HCV.

In Table 3, we present the adjusted HRs for three different mul-
tivariate models including risk factors for diabetes. The adjusted 
HR (95% CI) for diabetes for those seropositive with HCV com-
pared to those seronegative in Model 1 was 1.53 (1.29–1.83), when 
controlling for risk factors which were significantly associated with 
diabetes in the univariate analyses but not controlling for ALT lev-
els. Because in our population, most of the individuals who ever 
smoked cigarettes and who consumed alcohol were men, in Model 
2 we excluded these two variables from the multivariate model. The 
adjusted HR (95% CI) for diabetes for those anti- HCV seropositive 
compared to those seronegative was 1.53 (1.29–1.81) in Model 2. To 
consider for serum ALT levels, as an important confounding factor,11 
we included serum ALT levels additionally in the multivariate analy-
sis and we found that anti- HCV seropositivity remained an indepen-
dent predictor for diabetes (HR=1.40, 95% CI: 1.17–1.67), shown in 
Table 3. Moreover, AST/ALT ratio was further recruited in Model 4, 
as a liver fibrosis marker. It showed that anti- HCV seropositivity was 
still associated with the higher HR (95% CI) of 1.39 (1.17–1.66) for 
diabetes.

We examined the adjusted HRs of diabetes by comparing chronic 
HCV infection and anti- HCV seronegatives, stratified baseline char-
acteristics. Among 930 anti- HCV seropositives, 829 had retrievable 
samples for a molecular test of HCV RNA and were included in multi-
variate models to evaluate the relationship between HCV RNA levels 
and HCV genotypes and the risk for the diagnosis of diabetes. Of 
the 829 measured for HCV RNA levels, there were 268 (32%) with 
undetectable serum HCV RNA (≤25 IU/mL); the other 561 (68%) 
participants had detectable HCV RNA (RNA level higher than 25 IU/
mL). In the stratification analysis, patients with chronic HCV infec-
tion had increased risk for diabetes (P<.05), as shown in Table 4. By 

TABLE  1 Baseline characteristic of participants without a history 
of diabetes at study entry by serostatus of antibodies against 
hepatitis C virus (anti- HCV)

Baseline 
characteristics

Anti- HCV 
seronegatives, n 
(%) (N=16 928)

Anti- HCV 
seropositives, n 
(%) (N=930) P value

Gender
Females 8795 (52.0) 537 (57.7) <.001
Males 8133 (48.0) 393 (42.3)

Age at recruitment, years
30–39 5200 (30.7) 176 (18.9) <.001
40–49 4604 (27.2) 220 (23.7)
50–59 4931 (29.1) 358 (38.5)
60–65 2193 (13.0) 176 (18.9)

Educational level
No formal 

education
3421 (20.2) 284 (30.5) <.001

Primary school 6991 (41.3) 441 (47.4)
Junior high school 

or more
6509 (35.5) 205 (22.0)

Unknown 7 0

Cigarettes smoking
Never 12 259 (72.7) 683 (73.7) .730
Past 571 (3.3) 28 (3.0)
Current 4041 (24.0) 216 (23.3)
Unknown 57 3

Alcohol consumption
No 15 189 (89.9) 861 (92.8) .005
Yes 1700 (10.1) 67 (7.2)
Unknown 39 2

Body mass index
<23 6973 (41.3) 385 (41.4) .440
23–24.9 4070 (24.1) 204 (22.0)
25–29.9 5119 (30.3) 298 (32.1)
≥30 728 (4.3) 42 (4.5)
Unknown 38 1

Serum triglycerides level (mg/dL)
<150 12 096 (71.7) 728 (79.0) <.001
≥150 4766 (28.3) 193 (21.0)
Unknown 66 9

Serum total cholesterol level (mg/dL)
<240 15 317(90.8) 837 (91.0) .870
≥240 1549 (9.2) 83 (9.0)
Unknown 62 10

Serum levels of ALT (U/L)
<45 16 620 (98.2) 793 (85.3) <.001
≥45 308 (1.8) 137 (14.7)

History of heart disease
No 16 610 (98.4) 903 (97.6) .060
Yes 265 (1.6) 22 (2.4)
Unknown 53 5

History of hypertension
No 16 040 (95.1) 866 (93.6) .050
Yes 835(4.9) 59 (6.4)
Unknown 53 5

F IGURE  2 Cumulative risk of diabetes, according to antihepatitis 
C virus serostatus
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using anti- HCV seronegatives as the reference group, the adjusted 
HR (95% CI) was 1.39 (1.03–1.88) for anti- HCV seropositives with 
seronegative HCV RNA, and 1.63 (1.31–2.02) for anti- HCV sero-
positives with seropositive HCV RNA respectively. By comparing 
anti- HCV seropositives with seropositive HCV RNA to seronegative 
HCV RNA, the adjusted HR (95% CI) wa™s 1.18 (0.80–1.75). Among 
the participants with detectable HCV RNA, the HCV genotype was 
determined. In a further analysis, the multivariate- adjusted HR (95% 
CI) of diabetes was 1.34 (0.86–2.09) for those with HCV genotype 
non- 1 compared with those with HCV genotype- 1 as a reference 
group (P=.2014).

3  | DISCUSSION

In this study, our data suggested that HCV infection brought significant 
increasing risk for the occurrence of diabetes after controlling several 
risk factors. Whereas the findings from NHANES were inconsistent, and 
their most recent report did not demonstrate an association of HCV 
infection with diabetes or with insulin resistance. NHANES is a large 
survey that consists of interviews, health examinations and laboratory 
data collected from a stratified, multistage probability cluster sample 
to obtain a nationally representative sample of the noninstitutional-
ized civilian US population. The first investigation using the NHANES 

TABLE  2  Incidence of diabetes and crude hazard ratios (HRs) by baseline risk factors

Baseline risk factors
Total number of 
participants (n=17 858)

Number of new cases 
of diabetes (n=1917)

Person- years 
of follow- up

Incidence (per 100 000 
person- years)

Crude HR (95% 
confidence interval)

Anti- HCV
Seronegative 16 928 1774 171 448 1035 1.00 (reference)
Seropositive 930 143 8796 1626 1.59 (1.34–1.89)

Gender
Female 9332 956 95 721 999 1.00 (reference)
Male 8526 961 84 523 1137 1.15 (1.04–1.25)

Age at recruitment, years
30–39 5376 208 57 612 361 1.00 (reference)
40–49 4824 447 49 897 896 2.50 (2.12–2.94)
50–59 5289 832 51 401 1619 4.56 (3.92–5.31)
60–65 2369 430 21 334 2016 5.77 (4.89–6.81)

Educational level
Junior high school or above 6714 414 70 494 587 1.00 (reference)
Primary school 7432 907 74 135 1223 2.10 (1.87–2.36)
No formal education 3705 593 35 549 1668 2.89 (2.55–3.27)

Cigarettes smoking
Never 12 942 1327 132 367 1003 1.00 (reference)
Ever smoker 4856 579 47 324 1223 1.12 (1.06–1.18)

Alcohol consumption
No 16 050 1662 162 830 1021 1.00 (reference)
Yes 1767 245 17 035 1438 1.42 (1.24–1.63)

Body mass index
<23 7358 380 76 373 498 1.00 (reference)
23–24.9 4274 410 43 540 942 1.90 (1.25–2.18)
25–29.9 5417 894 52 927 1689 3.43 (3.04–3.87)
≥30 770 228 7014 3250 6.70 (5.68–7.89)

Serum triglycerides level (mg/dL)
<150 12 824 972 131 693 738 1.00 (reference)
≥150 4959 935 47 789 1957 2.68 (2.45–2.93)

Serum total cholesterol level (mg/dL)
<240 16 154 1594 163 896 973 1.00 (reference)
≥240 1632 314 15 609 2012 2.09 (1.85–2.36)

Serum levels of ALT (U/L)
<45 17 413 1812 176 161 1029 1.00 (reference)
≥45 445 105 4083 2571 2.54 (2.09–3.10)

History of heart diseases
No 17 513 1854 177 046 1047 1.00 (reference)
Yes 287 55 2615 2103 2.04 (1.56–2.67)

History of hypertension
No 16 906 1688 171 584 984 1.00 (reference)
Yes 894 221 8078 2736 2.84 (2.47–3.27)
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data that evaluated the relationship between HCV infection and dia-
betes used the survey collected in the cycles of 1988–1994.12 The 
investigators found that among individuals who were 40 years of age 
or older, those with HCV infection had an increased likelihood of having 
diabetes with the odds ratio of 3.8 (95% CI: 1.8–7.8) after controlling 
risk factors.12 However, during the later study cycles (1999–2004 and 
2005–2008), a statistically significant association was not found.10 In 
the NHANES survey, the prevalence of obesity, insulin resistance and 
diabetes increased steadily over the same time period.25 Thus, it is pos-
sible that estimates of the relationship between HCV infection and dia-
betes became attenuated in the presence of this epidemic of obesity and 
increased numbers of metabolic factors in recent decades. More recent-
ly, investigators using NHANES data have found that chronic hepatitis 
C patients, defined as anti- HCV seropositives with positive HCV RNA 
levels, had a two- fold risk for insulin resistance or diabetes,9 suggesting 
that serum HCV RNA testing which enables the differentiation of past 

HCV infection with spontaneous clearance of HCV RNA (undetectable 
HCV RNA) and chronic HCV infection (detectable HCV RNA) might be 
important.

Finally, the most recent report from NHANES, using data from the 
1999 through 2010 surveys failed to find an association between HCV 
infection and diabetes.11 However, they did find a positive relationship 
between insulin resistance and elevated liver enzymes.11 The elevat-
ed serum liver enzyme levels may be as result of either HCV infection 
or other conditions such as metabolic syndrome or steatohepatitis. It 
is difficult to disentangle the association of these factors and diabe-
tes by cross- sectional study design in which participants were tested 
for their serum levels of liver enzymes and diabetes at the same time. 
Compared with the participants in NHANES, the participants in our 
study had lower educational levels, lower BMI and a lower percent-
age of cigarette smoking and alcohol drinking habits than the partic-
ipants in NHANES. In other words, our study population seemed to 

TABLE  3 Multivariate- adjusted hazard ratios (95% confidence intervals) for the associations between hepatitis C virus (HCV) infection 
status and incidence of diabetes

Baseline Risk Factors Model 1 Model 2 Model 3 Model 4

Anti- HCV
Seronegative 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Seropositive 1.53 (1.29–1.83) 1.53 (1.29–1.81) 1.40 (1.17–1.67) 1.39 (1.17–1.66)

Gender
Female 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Male 1.21 (1.08–1.36) 1.30 (1.18–1.44) 1.28 (1.16–1.42) 1.27 (1.15–1.41)
Age at recruitment, 10 years increment 1.58 (1.49–1.67) 1.58 (1.49–1.67) 1.59 (1.50–1.68) 1.59 (1.50–1.68)

Educational level
Junior high school or above 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Primary school 1.43 (1.26–1.62) 1.45 (1.28–1.64) 1.46 (1.29–1.65) 1.47 (1.30–1.67)
No formal education 1.64 (1.41–1.91) 1.67 (1.44–1.94) 1.68 (1.44–1.95) 1.71 (1.47–1.99)

Cigarettes smoking
Never 1.00 (reference)
Ever smoker 1.04 (0.96–1.14)

Alcohol consumption
No 1.00 (reference)
Yes 1.22 (1.06–1.41)
Body mass index (each 5 kg/m2 increment) 1.92 (1.82–2.03) 1.92 (1.82–2.04) 1.91 (1.81–2.03) 1.90 (1.79–2.01)

Serum triglycerides level (mg/dL)
<150 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
≥150 1.84 (1.68–2.03) 1.85 (1.68–2.03) 1.82 (1.66–2.00) 1.80 (1.64–1.98)

Serum total cholesterol level (mg/dL)
<240 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
≥240 1.36 (1.20–1.54) 1.36 (1.20–1.54) 1.35 (1.19–1.53) 1.35 (1.19–1.53)

Serum levels of ALT (U/L)
<45 1.00 (reference) 1.00 (reference)
≥45 1.84 (1.50–2.25) 1.32 (1.00–1.73)

History of heart diseases
No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.34 (1.02–1.76) 1.33 (1.01–1.75) 1.31 (0.99–1.72) 1.45 (1.25–1.67)

History of hypertension
No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.46 (1.26–1.69) 1.46 (1.26–1.69) 1.44 (1.25–1.67) 1.71 (1.39–2.11)

AST/ALT Ratio
≤1 1.00 (reference)
>1 1.15 (1.04–1.28)
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have relatively fewer metabolic risk factors for diabetes. The major risk 
factor for HCV infection was illicit drug use in NHANES, whereas iat-
rogenic factors were the main transmission route for HCV infection in 
our population.17,26 Thus, differences in the findings from our study 
from those in the NHANES study might be caused by differences in the 
characteristics of the study populations as well as in the study design.

Comparing to anti- HCV seronegatives, the adjusted HR was 1.39 
for anti- HCV seropositives with seronegative HCV RNA, and 1.63 for 
anti- HCV seropositives with seropositive HCV RNA respectively. It 
showed a trend effect on the risk of diabetes for patients who had 
replication of HCV. Whereas, among anti- HCV seropositives, the risk 
of diabetes was only increased slightly when comparing to HCV RNA 
seronegatives and RNA seropositives, suggesting that the lipid profiles 
may be altered once individuals infected by HCV. However, the mech-
anisms still need to be further evaluated. Our study suggested that 
HCV infection has a major public health impact, not only for hepatic 
diseases but also for extrahepatic diseases.

Our cohort is recognized as a natural history cohort because most 
of the participants did not have the experience of antiviral treatment as 
a result of its high cost and adverse effects. Until October 2003, only 
patients with abnormal ALT levels (>82 U/L) and moderate fibrosis prov-
en by liver biopsy could be reimbursed for treatment by the National 

Health Insurance. However, there are still huge gaps of self- awareness, 
referral and linking to care.27 Although it is an important clue to compare 
the patients with or without antiviral treatment for further clarification 
of the associations between HCV infection and diabetes in the future.

In addition, we identified diabetes cases through a computerized 
data linkage with the National Health Insurance database, which pro-
vided coverage for 96% of the total population for Taiwan (23 million) in 
2000, 98% in 2005 and 99.6% in 2009.22 A limitation of our study is that 
we enrolled the participants and collected the questionnaires and blood 
samples during 1991–1992, whereas the index date for the linkage with 
the National Health Insurance database for the study described in this 
study was January 1, 2000 when the claims data were released. Life 
style and biochemical markers in the REVEAL- HCV enrolees might have 
changed over the period 1991–1992 to 2000. In particular, there might 
have been new infection with HCV during the 10 years of follow- up. 
However, establishing the incidence of HCV is very difficult because 
most infections are initially asymptomatic. In Taiwan the incidence of 
transfusion- associated hepatitis decreased as a result of the effective-
ness of a series of donor screening intervention.28 Also the presence of 
such cases would result in an underestimate of the effects of HCV on 
the incidence of diabetes. In this study, we defined the patients with 
diabetes with the stringent criteria: patients with at least one hospital 
admission code with diabetes diagnosis or with three or more outpatient 
visits code for diabetes,21,22 which made the findings conservatively.

During the long- term follow- up, BMI may change when individuals 
change their life style, it is important to consider the follow- up chang-
es on anthropometrical parameters. In our study, the anti- HCV sero-
positives were asked and invited for regular health examinations every 
6–12 months. We obtained BMI data during their follow- up, and it 
showed similar results in the four models of multivariate analyses. The 
stratification analysis showed that chronic HCV infection may increase 
the risk for diabetes by comparing anti- HCV seronegatives. The 
changes in BMI during follow- up of each person were highly correlat-
ed (r=.84, P<.0001), and the correlation was even higher after group-
ing by <23 and ≥23 (r=.98, P<.0001). Another limitation of our study 
is that we did not measure blood glucose in our study. Thus, data of 
blood glucose are not available. However, serum level of triglycerides 
is highly correlated with blood glucose. We included triglyceride levels 
as an alternative marker for glucose levels in the analyses.

In a previous study, anti- HCV seropositives had increased mortality 
from diabetes (106.1 per 100 000 person- years) than anti- HCV sero-
negatives (60.8 per 100 000 person- years).5 These results are consis-
tent with the results from a database study of deaths in patients with 
diagnosed chronic hepatitis C infection which showed a 1.77 times 
increased risk of death from diabetes compared to the general popu-
lation in the USA.29 Although the evidence from these two studies of 
mortality provided an indication of a relationship between HCV and 
diabetes, it could not determine whether the infection increased the 
risk for the incidence of diabetes or worsened the prognosis for those 
with diabetes. The current longitudinal study has estimated the inci-
dence of diabetes in those with and without anti- HCV seropositivity. 
Although data on steatosis in our study were lacking, we stratified by 
surrogate measures for steatosis including BMI, ALT and triglycerides.

TABLE  4 Stratification analysis for diabetes risk by comparing 
chronic hepatitis C Virus- infected patients and anti- HCV seronegatives

Baseline characteristics
Chronic hepatitis C patients 
vs anti- HCV seronegatives P- value

Age
<55 1.72 (1.24–2.38) .001
≥55 1.61 (1.20–2.16) .008

Gender
Male 1.72 (1.27–2.33) <.001
Female 1.52 (1.11–2.09) .009

Educational level
Junior high school or 

above
2.09 (1.22–3.57) .007

Primary school 1.43 (1.02–1.99) .036
No formal education 1.76 (1.25–2.49) .001

BMI
<23 1.73 (1.14–2.62) .010
≥23 1.57 (1.22–2.03) .001

Serum triglyceride levels
<150 1.60 (1.24–2.07) <.001
≥150 1.61 (1.06–2.44) .024

Serum cholesterol levels
<240 1.63 (1.29–2.04) <.001
≥240 1.54 (0.72–3.28) .268

Serum ALT levels
<45 1.36 (1.05–1.77) .020
≥45 1.73 (1.02–2.93) .040

AST/ALT Ratio
≤1 1.43 (1.07–1.91) .020
>1 1.81 (1.30–2.52) .001

Adjusted for: gender, age, educational levels, BMI, serum levels of triglyc-
erides and cholesterol, previous history of heart disease and hypertension 
(the stratified variable was not adjusted in each analysis).
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In conclusion, our data suggested that HCV infection has increased 
risk for the occurrence of diabetes after controlling other risk factors. 
Chronic hepatitis C patients may benefit from antiviral treatment to 
decrease their risks for diabetes. More affordable prices of the effective 
drugs are required to increase the accessibility for the patients in need.
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