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Abstract: Tuberculosis (TB) and hepatitis C virus (HCV) infection

contribute to major disease mortality and morbidity worldwide. However,

the causal link between HCV infection and TB risk remains unclear. We

conducted a population-based cohort study to elucidate the association

between HCV infection and TB disease by analyzing Taiwan National

Health Insurance Database. We enrolled 5454 persons with HCV infec-

tion and 54,274 age- and sex-matched non-HCV-infected persons

between January 1998 and December 2007. Time-dependent Cox pro-

portional hazards regression analysis was used to measure the association

between HCV infection and active TB disease. Incidence rate of active TB

disease was higher among HCV infection than in control (134.1 vs 89.1

per 100,000 person-years; incidence rate ratio 1.51; P¼ 0.014). HCV

infection was significantly associated with active TB disease in multi-

variate Cox regression (adjusted hazard ratio [HR] 3.20; 95% confidence

interval [CI], 1.85–5.53; P< 0.001) and competing death risk event

analysis (adjusted HR 2.11; 95% CI, 1.39–3.20; P< 0.001). Multivariate

stratified analysis further revealed that HCV infection was a risk of active

TB disease in most strata. This nationwide cohort study suggests that HCV

infection is associated with a higher risk of developing active TB disease.

(Medicine 94(33):e1328)

Abbreviations: CI = confidence interval, CKD = chronic kidney

disease, COPD = chronic obstructive pulmonary disease, DM =

diabetes mellitus, HBV = hepatitis B virus, HCV = hepatitis C

virus, HIV = human immunodeficiency virus, ICD-9 =

International Classification of Diseases, 9th Revision, IRR =
ation-Based S

D, Hung-Yi Chuang, PhD, and Chau-Chyun Sheu, MD

INTRODUCTION

T uberculosis (TB), an infectious disease caused by Myco-
bacterium tuberculosis, is the most prevalent infectious

disease and the major leading cause of death worldwide,
especially in developing countries. According to the Global
Tuberculosis Report by World Health Organization, there were
an estimated 8.6 million incident cases of TB and approximately
1.3 million people died of TB in 2012.1 It is endemic in south-
eastern Asia, as well as Taiwan. An epidemiological study
declared the incidence of active TB disease in Taiwan was
74 per 100,000 person-years.2

TB is considered as an immunodeficiency-related infection.
Our recent work demonstrated that liver cirrhosis was associated
with increased risk of active TB disease.3 Liver cirrhosis, and
subsequent complications of both hepatitis B virus (HBV) and
hepatitis C virus (HCV) infections are major health problems in
Taiwan.4 However, a comprehensive evaluation from HCV
patients without cirrhosis remains unavailable. HCV infection
is one of the contributing factors for developing TB infection is
our hypothesis. Previous observation study showed that HCV
infection and TB share the same high risks population, especially
in homeless people,5 prisoners,6 and human immunodeficiency
virus (HIV) patients.7 Furthermore, one case-control study using
the US Veterans data demonstrated that HCV infection is associ-
ated with TB disease.8 However, results from this hospital-based,
case-control study cannot be extended to the general population.
In order to fill this knowledge gap, this nationwide cohort study
analyzed healthcare data to clarify the association between HCV
and active TB disease using large-scale data from the Taiwan
National Health Insurance (NHI).

METHODS

Study Design and Data Source
Data analyzed in this study were retrieved from the Taiwan

National Health Insurance Research Database (NHIRD). Taiwan
launched a compulsory social insurance program, the NHI pro-
gram, to provide health care for all residents beginning in 1995.
The Taiwan NHIRD includes complete outpatient visits, hospital
admissions, prescriptions, disease, and vital status for 99% of the
23 million population of Taiwan. We established the longitudinal
medical history of each beneficiary by linking several computer-
ized administrative claims datasets. This study was approved by
the Institutional Review Board of Kaohsiung Medical University
Hospital (KMUH-IRB-EXEMPT-20130060).

Study Population and Definition of HCV
Infection
CV infection required the International
se, 9th Revision, Clinical Modification
, 070.44, 070.51, 070.54, 070.7, and
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V02.62. Patients considered HCV infection by one hospitalization
diagnosis or >2 ambulatory visits for a principal diagnosis from
1998 until the end of 2007. The index date for patients with HCV
infection was the date of their first medical visit with ICD-9-CM
codes for HCV. Individuals <20 years and those with HIV
infection (ICD-9 code 042) (n¼ 27) or liver cirrhosis (ICD-9
codes 571.2, 571.5, 571.6) were excluded before and within 3
months of index date (n¼ 1227). Patients with TB disease before
the index date (n¼ 77) were also excluded. The control cohort was
extracted from 1,000,000 randomly selected people of the NHIRD.
We excluded the subjects with diagnoses of HCV from 1998 to
2007, and subjects with diagnoses of active TB disease from 1996
to the index date. We controlled the potential confounding by age,
sex, and calendar year through an individual matching technique.
The matched controls met the same exclusion criteria from the
HCV cohort. For each HCV case, we selected 10 controls with the
same age, sex, geographic area, socioeconomic status, and index
date as the HCV case by using simple random sampling method
(Figure 1). The income served as a proxy indicator of economic
status,which was classified as 1 of 3 categories: fixed premium and
dependent, New Taiwan Dollars (NTD)<20,000 monthly, or NTD
�20,000 monthly (US$1¼NTD32.1 in 2008).

Definition of TB and Comorbidities
Participants were classified as having incident active TB

disease by diagnosis of TB with at least 2 ambulatory visits or
hospitalizations (ICD-9 codes 010–018). The diagnosis of TB
was further confirmed by claiming for 2 or more types of anti-TB
drugs for >60 days within 180 days. Rifampin, isoniazid, pyr-
azinamide, ethambutol, aminogylcoside, prothionamide, cyclo-
serine, and quinolone were defined as anti-TB drugs.
Comorbidities in this study, including HBV infection (ICD-9
code 070.2, 070.3, and V02.61), cancers (ICD-9 codes 140–208),
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diabetic mellitus (DM) (ICD-9 code 250), chronic obstructive
pulmonary disease (COPD) (ICD-9 codes 491, 492, and 496),
silicosis (ICD-9 codes 501–504), chronic kidney disease (CKD)

FIGURE 1. Schematic diagram. HCV¼hepatitis C virus, HIV¼
human immunodeficiency virus, ICD-9-CM¼ International Classi-
fication of Diseases, 9th Revision, Clinical Modification, LC¼ liver
cirrhosis, LHID¼ Longitudinal Health Insurance Database, TB¼
tuberculosis.

�
Selected normal controls met the same exclusion

criteria from the HCV cohort.
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(ICD-9 code 585), autoimmune diseases (ICD-9 codes 710 and
714), drug abuse (cocaine, amphetamine or related acting sym-
pathomimetic agents, and heroin) (ICD-9 codes 304.2–304.4,
305.7, and 965.01), and organ transplantation (ICD-9 codes 996
and V042), were recognized based on >2 ambulatory visits or
hospitalization once. We also used ICD-9 codes to define alco-
holism. The corresponding ICD-9 codes for diseases examined in
this study were summarized in the Supplementary Table, http://
links.lww.com/MD/A374. In addition, we retrieved immunosup-
pressive agents, which included chemotherapy drugs, steroid, and
biological agents during observation period. The immunosup-
pressive agent users were defined as medications used >28 days
during observation period. The endpoint was defined as the date
of first diagnosis of TB, death, or the end of the year of 2008.

Statistical Analysis
Normally distributed continuous data were expressed as

means� standard deviations. Parametric continuous data were
compared by Student t test, and categorical data were compared
by x2 test. The differences between proportions of individuals that
developed active TB disease in the HCV-infected and non-HCV-
infected control groups were analyzed by the Kaplan–Meier
method. We also tested the Cox proportional hazard regression
and a log-rank test. The proportional hazard assumption in the Cox
model was tested using Schoenfeld residuals trend tests, which
examined the interactions between predictors and event time.
Interactions between predictors and event time were noted, so
those that failed the assumption or were deemed to be time
dependent were entered as continuous time-dependent covariates.
Therefore, hazard ratios (HRs) for variables treated as time-depen-
dent covariates varied over time. In addition, time-dependent
covariate was also applied in multivariate Cox proportional hazard
model with stepwise elimination to analyze independent risk
factors for active TB disease. Furthermore, death before the
development of active TB diseasewas considered competing event.
We modified Cox proportional hazards models in the presence of
competing risk event after adjusting for age, sex, and underlying
comorbidities.9 The association between HCV infection and active
TB disease was further analyzed in different strata by age, sex, and
comorbidities. A 2-sided P <0.05 was considered statistically
significant. Analyses were performed using the SAS statistical
package version 9.2 (SAS Institute, Cary, NC).

RESULTS

Study Population
The study population consists of 5454 HCV-infected patients

(cases), with the mean age of 51.8� 15.3 years, and 54,274
matched, non-HCV-infected patients (controls), with the mean
age of 51.7� 15.3 years. Baseline characteristics and selected
comorbid medical disorders are demonstrated in Table 1. HCV-
infected patients had more comorbidities than controls, including
alcoholism, HBV infection, DM, CKD, autoimmune disease,
COPD, cancer, organ transplantation, and drug abuse. HCV-
infected patients also had more immunosuppressive agents (che-
motherapy drugs, steroid, and biological agents) used than controls.

Risk of Developing Active TB Disease Between
HCV Patients and Controls

In the follow-up time, active TB disease was diagnosed in
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36 patients with HCV infection, and the incidence rate was
134.1 (95% confidence interval [CI], 95.3–183.6) per 100,000
person-years. In non-HCV-infected controls, 242 patients had
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TABLE 1. Baseline Characteristics Between HCV-Infected Patients and Non-HCV-Infected Controls

HCV Patients
(n¼ 5454)

Controls (n¼ 54,274)

P Value
n % n %

Age, mean (�SD) 51.8� 15.3 51.7� 15.3 0.703
Age, y

20–39 1240 22.74 12,392 22.83 0.991
40–49 1181 21.65 11,786 21.72
50–59 1283 23.52 12,798 23.58
�60 1750 32.09 17,298 31.87

Sex 0.906
Male 2937 53.85 29,272 53.93
Female 2517 46.15 25,002 46.07

Geographic area 0.918
Urban residence 1816 34.45 18,097 34.38
Rural residence 3455 65.55 34,538 65.62

Socioeconomic status 0.930
Low economics 1176 21.56 11,734 21.62
Moderate economics 1106 20.28 10,888 20.06
High economics 3172 58.16 31,652 58.32

Comorbidity
�

Alcoholism 333 6.11 861 1.59 <0.001
HBV 1252 22.96 1749 3.22 <0.001
Diabetes mellitus 1460 26.77 8478 15.62 <0.001
Chronic kidney disease 304 5.57 1167 1.95 <0.001
Autoimmune diseases 450 8.25 2855 5.26 <0.001
COPD 1619 29.68 11,566 21.31 <0.001
Silicosis 16 0.29 109 0.20 0.154
Cancers 1878 34.43 12,994 23.94 <0.001
Transplantation 22 0.40 42 0.08 <0.001
Drug abusey 29 0.53 23 0.04 <0.001

Immunosuppressive agentsz

Chemotherapy drugs 27 0.5 83 0.15 <0.001
Steroid 246 4.51 1419 2.61 <0.001
Biological agents 21 0.39 71 0.13 <0.001

COPD¼ chronic obstructive pulmonary disease, HBV¼ hepatitis B virus, HCV¼ hepatitis C virus, SD¼ standard deviation. Data are presented as
number (%), unless otherwise indicated. HCV-infected patients and non-HCV-infected controls as 1:10 matched by frequencies of age, sex,

aft
age
sed
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active TB disease, corresponding to an incidence rate of 89.1
(95% CI, 78.4–100.8) (Table 2). The risk of developing active
TB disease was significantly higher in HCV-infected patients
than in non-HCV-infected patients, with an incidence rate ratio
of 1.51 (95% CI, 1.06–2.14; P¼ 0.014). The documented
incidence rate of active TB disease was 65 in LHID-2005,10

comparable with the data from the Center for Disease Control
(CDC) in Taiwan. By Kaplan–Meier approach, the cumulative
incidences of active TB disease were higher in HCV-infected
patients than controls (P¼ 0.021) (Figure 2).

Time-Dependent Univariate and Multivariate
Analysis for Independent Risk Factors of Active
TB Disease

geographic area, socioeconomic status, and index date.�
Comorbidity defined as all record before index date until 3 months
y Includes cocaine, amphetamine or related acting sympathomimetic
zThe immunosuppressive agent users were defined as medications u
Cox regression analyses with stepwise selection procedures
based on the likelihood ratio were performed (Table 3). Crude HR
of active TB disease among HCV-infected patients was 3.48

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
(95% CI, 2.02–6.00). In the multivariate model, HCV infection
was independently associated with active TB disease (adjusted
HR, 3.20; 95% CI, 1.85–5.53). Older age, male sex, urban
residence, alcoholism, and presence of COPD were also inde-
pendent risk factors for developing active TB disease.

The association between HCV infection and active TB
disease was robust when we analyzed the data in different multi-
variate model. Taking competing risk event into consideration, the
modified Cox proportional hazards model demonstrated an
adjusted HR of 2.11 (95% CI, 1.39–3.20; P< 0.001) (Table 4).
The adjusted HR was 3.16 (95% CI, 1.82–5.47) after controlling
immunosuppressive agents during the observation period.

Multivariate Stratified Analyses for Associations

er index date.
nts, and heroin.
�28 d during observation period.
Between HCV Infection and Active TB Disease
The association between HCV infection and active TB

disease was further analyzed in Cox regression models stratified
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TABLE 2. Incidence Rate of Active TB Disease Among HCV and Non-HCV Patients

Clinical Outcome HCV Patients
(n¼ 5454)

Non-HCV Patients
(n¼ 54,274)

Incidence
Rate Ratio

Tuberculosis
Yes 36 242
Time to event (mean years�SD) 1.86� 1.58 3.21� 2.31

TB incidence rate
�

134.1 (95.3–183.6) 89.1 (78.4–100.8) 1.51 (1.06–2.14)

HCV¼ hepatitis C, SD ¼ standard deviation, TB¼ tuberculosis.�
Incidence of TB: per 100,000 person-years (95% confidence interval).

FIGURE 2. Cumulative incidences of active tuberculosis disease
estimated by the Kaplan–Meier approach in patients with and
without hepatitis C infection. HCV¼hepatitis C virus.

TABLE 3. Univariate and Multivariate Adjusted Hazard Ratios of C
the Entire Study Population

Variables

Univariate Analysis

HR (95% CI)

HCV infection 3.48 (2.02–6.00)
Age (per year) 1.06 (1.05–1.07)
Male sex 1.92 (1.49–2.48)
Urban residence 2.01 (1.59–2.55)
Socioeconomic status

Low economics 1.23 (0.74–2.05)
Moderate economics 1.98 (1.41–2.78)

HBV infection 1.04 (0.62–1.76)
Alcoholism 2.46 (1.35–4.50)
Diabetes mellitus 2.09 (1.59–2.74)
Chronic kidney disease 2.55 (1.46–4.46)
Autoimmune disease 1.14 (0.66–1.95)
COPD 3.56 (2.80–4.52)
Cancer 1.26 (0.96–1.66)

CI¼ confidence interval, COPD¼ chronic obstructive pulmonary disease
TB¼ tuberculosis.�

HRs (95% CI) were adjusted for all listed variables in the table as we
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by other risk factors associated with TB infection, with adjust-
ment for age, sex, economic status, geographic area, and
comorbid disorders. The results showed that HCV infection
caused higher risk of active TB disease significantly in most
strata, except for the stratum by age <50 years, HBV infection,
alcoholism, and CKD (Figure 3).

DISCUSSION
TB and HCV infections are both common infectious

diseases. Although these 2 diseases have similar epidemiolo-
gical risk factors,6,7 and HCV infection is frequently found in
patients with TB,11 the association between these 2 infections
has never been comprehensively studied.8 We used the NHIRD
of a large-scale cohort and performed multivariate analysis
adjusting for possible confounders to investigate the impact
of HCV infection on the risk of developing active TB disease.
Our results showed that the risk of developing active TB disease

P value ¼0.014.
was significantly higher in patients with HCV infection than in
those without. The association remained robust after accounting
for other risk factors of TB, immunosuppressive agents, and

ovariates for Risk Factors Associated With Active TB Disease in

Multivariate Analysis
�

P Value HR (95% CI) P Value

<0.001 3.20 (1.85–5.53) <0.001
<0.001 1.05 (1.04–1.06) <0.001
<0.001 2.24 (1.73–2.89) <0.001
<0.001 1.42 (1.12–1.81) 0.005

0.418
<0.001

0.870
0.004 1.90 (1.03–3.50) 0.039

<0.001
0.001
0.638

<0.001 2.02 (1.56–2.62) <0.001
0.100

, HBV¼ hepatitis B virus, HCV¼ hepatitis C virus, HR¼ hazard ratio,

ll as time-dependent covariates.
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TABLE 4. Crude and Adjusted Hazard Ratio of Active TB Disease Among HCV and Non-HCV Patients

Clinical Outcome Non-HCV Patients HCV Patients P Value

HR
Crude HR (95% CI) 1 3.48 (2.02–6.00) <0.001
Adjusted HR (95% CI)

Model 1
�

1 3.20 (1.85–5.53) <0.001
Model 2y 1 2.11 (1.39–3.20) <0.001
Model 3z 1 3.16 (1.82–5.47) <0.001

CI ¼ confidence internal, HCV¼ hepatitis C virus, HR¼ hazard ratio, TB¼ tuberculosis.�
Model 1: adjusted for comorbid disorders.
yModel 2: adjusted for comorbid disorders and competing risk of death.

ts,
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even competing risk of death. In addition to HCV infection, our
study also found that old age, male sex, urban residence, COPD,
and alcoholism were independently associated with active
TB disease.

A cross-sectional, hospital-based study showed that TB
patients have high prevalence of HCV coinfection but low
prevalence of HIV coinfection.11 Another hospital-based case-
control study during 1992 to 1999 demonstrated HCV-infected
patients had a significantly higher prevalence of TB disease.
After excluding immunocompromised patients with HIV infec-
tion, organ transplant, and liver cirrhosis, HCV remained
significantly associated with TB infection (adjusted odds ratio,

zModel 3: adjusted for comorbid disorders, immunosuppressive agen
1.43; 95% CI, 1.25–1.64).8 In Taiwan, coinfection of HIV in
HCV-infected patients was rare, because most HCV patients
were not drug abusers but infected through medical procedure in

FIGURE 3. Multivariate stratified analyses for the association of HCV
associated with a higher risk of active TB disease in most strata, except
because of the extremely small case numbers of active TB disease. CKD
disease, HCV¼hepatitis C virus, TB¼ tuberculosis.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
hospital at that period of time. Owing to the low incidence and
prevalence rate of HIV infection in Taiwan, we excluded
patients with HIV infection in case/control group in this
present cohort.

HCV infection, rather than HBV infection, has been
reported as a risk factor for TB disease after renal transplan-
tation.12–14 Our study had similar results that HBV infection
was not associated with active TB disease. However, the causal
link between HCV infection and TB disease found in this study
is biologically plausible. From renal transplantation study, HCV
infection has a direct role influencing cellular immune response
and favoring a lower rejection rate and an increased rate of

and competing risk of death.
opportunistic infections. The HCV-positive kidney transplant
recipients present as relative reduction in naı̈ve T cells accom-
panied by impaired lymphocyte proliferative responses, which

infection and active TB disease. HCV infection was significantly
for the stratum by age <50 y, HBV infection, alcoholism, and CKD
¼ chronic kidney disease, COPD¼ chronic obstructive pulmonary
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is important in the defense against TB.15 The deteriorated
cellular immune response on account of HCV infection would
facilitate the development of intracellular infections. Dendritic
cells generated in vitro from peripheral blood of HCV-infected
individuals appear impaired in their capacity for antigen pres-
entation,16 which correlate with decrease and dysfunction of
dendritic cells.17 Furthermore, HCV core protein could bind to
and inhibit the tumor necrosis factor-alpha (TNF-a) recep-
tor.18,19 As TNF-a is a important cytokines for acute TB
control,20,21 the relation between HCV infection and TB disease
could be speculated. HCV infection also has been linked to
numerous diseases of immune dysfunction and possible mech-
anism known as B cell, T cell, natural killer cell, and dendritic
cell dysregulation.22 In summary, HCV infection may increase
the risk of active TB disease by its immunomodulatory effects.
Once the relationship of these 2 infections is established by
future studies, active TB disease might be considered as one of
the extrahepatic complications in HCV infection.

This study has a number of strengths. First, this is a large-
scale follow-up study using the well-established nationwide
database NHIRD. The study cohort was highly representative
for general population. Second, claims for each insured can be
tracked across time in the NHIRD. In the present study, all
claims of different medical institutes during the study period
were obtained for analysis. This can avoid the bias of patient
dropout in most longitudinal studies and minimize the possib-
ility of recall bias. Third, we analyzed the data in multivariate
models and control many confounding factors and competing
death risk, so the results are suggested robust. Nevertheless, we
acknowledge several limitations of our study. First, the diag-
nosis of active TB disease from administrative data is based on
diagnostic codes and prescription history. The results of TB
cultures and pathological examinations were not available in
our database. In addition, some TB-infected patients who did
not claim for medications or died within 2 months of treatment
were not included. Nonetheless, the incidence of active TB
disease in our HCV-infected patients was still higher than that in
general population in Taiwan.2,23 In Taiwan, active TB disease
is an infectious disease of obligatory notification. Doctors are
required to report incident cases of TB infection to the Taiwan
CDC within 1 week of TB diagnosis or prescription of anti-TB
drugs. In the present study, patients were defined as having
incident active TB diseases when they had both TB diagnosis
and insurance claims for anti-TB drugs for �60 days. We
believed our definition was convincing. Second, some of the
personal information that may contribute to TB diseases was not
included in dataset, such as smoking, alcohol consumption,
nutritional status, occupational exposure, and contact history of
TB. As smoking is associated with pulmonary TB,24 it is
possible that higher risk of developing active TB disease in
male sex found in the present study were at least partially driven
by the higher rate of smoking in men. Third, although we
excluded TB cases diagnosed before HCV infection, we were
unable to differentiate whether the active TB disease was
because of endogenous reactivation or recent transmission.
Finally, some subjects without obvious clinical symptoms
and did not seek medical attention would had been excluded
by ICD-9 coding for diagnosis of HCV infection. Therefore, it is
possible that some patients with asymptomatic HCV infections
were included in the control group. However, if chronic HCV
infection is associated causally with active TB disease, this

Wu et al
misclassification would likely bias the results toward the null
hypothesis and therefore underestimate of the risk. In addition,
chronic hepatitis and liver cancer are major public health

6 | www.md-journal.com
problems in Taiwan, so the government has developed practical
guidelines and screening programs for viral hepatitis. In Tai-
wan, most HCV patients are asymptomatically diagnosed by
extensive screening programs in the community. Thus, the risk
of misclassification is minimal.

CONCLUSION
The present study provides epidemiological evidence that

HCV infection is associated with a higher risk of active TB
disease. Prolonged fever or chronic respiratory symptoms in
HCV-infected patients should raise the suspicion of active TB
disease. The deterioration of cellular immune response by HCV
infection may explain the association between HCV infection
and active TB disease, but further studies are needed to under-
stand the underlying mechanisms.
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