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OBSERVATIONAL STUDY

Incidence of and Risk Factors for Tuberculosis (TB) in
Gastric Cancer Patients in an Area Endemic for TB

A Nationwide Population-based Matched Cohort Study

Wen-Liang Fang, MD, PhD, Yi-Ping Hung, MD, Chia-Jen Liu, MD, Yuan-Tzu Lan, MD, PhD,
Kuo-Hung Huang, MD, Ming-Huang Chen, MD, PhD, Su-Shun Lo, MD, Yi-Ming Shyr, MD,
Chew-Wun Wu, MD, FACS, Muh-Hwa Yang, MD, PhD, Tzeng-Ji Chen, MD, and Yee Chao, MD

Abstract: To date, there have been few reports investigating the
relationship between tuberculosis (TB) and gastric cancer.

We conducted a nationwide population-based matched cohort study
using data retrieved from Taiwan’s National Health Insurance Research
Database to determine the incidence of and risk factors for TB in
patients diagnosed with gastric cancer. From 2000 to 2011, we identified
36,972 gastric cancer patients and normal subjects from the general
population matched for age, sex, and comorbidities at a 1:1 ratio. The
data were analyzed using Cox proportional hazards models.

Compared with the matched cohort, gastric cancer patients exhibited
a higher risk for TB (adjusted hazard ratio [HR] 2.25, 95% confidence
interval [CI] 1.65-3.05, P < 0.001), and those with TB exhibited higher
mortality (adjusted HR 1.59, 95% CI 1.41-1.79, P <0.001). Old age
(adjusted HR 2.40, 95% CI 1.92-2.99, P < 0.001), male sex (adjusted
HR 2.13,95% CI 1.76-2.57, P < 0.001), diabetes mellitus (adjusted HR
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1.28,95% CI 1.05—1.56, P =0.013), and chronic obstructive pulmonary
disease (COPD) (adjusted HR 1.44,95% CI 1.19—1.75, P < 0.001) were
identified as independent risk factors for TB in gastric cancer patients.
Dyslipidemia was an independent protective factor for both TB
(adjusted HR 2.13, 95% CI 1.73-2.62, P <0.001) and mortality
(adjusted HR 1.11, 95% CI 1.08—-1.15, P <0.001) in gastric cancer
patients.

Old age, male sex, diabetes mellitus, and COPD were indepen-
dent risk factors for TB in gastric cancer. High-risk gastric cancer
patients, especially those in TB-endemic areas, should be regularly
screened for TB.

(Medicine 94(47):¢2163)

Abbreviations: CDC = Centers for Disease Control and
Prevention, CI = confidence interval, COPD = chronic
obstructive pulmonary disease, HR = hazard ratio, ICD-9-CM =
International Classification of Diseases, 9th revision, and Clinical
Modification, LHID2000 = Longitudinal Health Insurance
Database 2000, NHI = National Health Insurance, NHIRD =
National Health Insurance Research Database, NHRI = National
Health Research Institutes, TB = tuberculosis.

INTRODUCTION

Tuberculosis (TB) is a widespread infectious disease that

represents a major global health problem. According to the
2013 report by the Centers for Disease Control and Prevention
(CDC), the incidence of TB in Taiwan was 68 cases per 100,000
people in 2013, and that of TB-related deaths was 2.8 cases per
100,000 people.' The TB burden in Taiwan is estimated to be
relatively higher than that in other developed countries.? It has
been reI})orted that malignancy and malnutrition are risk factors
for TB.>™® Gastric cancer patients who often undergo signifi-
cant body weight loss might be more likely to suffer from
malnutrition than healthy individuals and might therefore be
more likely to develop TB.

Gastric cancer is rampant in many countries. Its incidence
is much higher in Asia than in other regions, though the global
incidence has declined in recent years. However, gastric cancer
continues to be ranked as the 5th most common cancer and it
accounted for 723,000 deaths worldwide in 2012.°

Gastric cancer is often diagnosed at an advanced stage.
Treatment can include surgery, chemotherapy, and radiother-
apy. Surgery is the primary treatment for early-stage patients.
Complete resection with lymph node dissection is considered a
standard goal, whereas chemotherapy and radiotherapy are
usually applied in palliative settings.

Few reports to date have mentioned the risk factors for TB
in gastric cancer patients.'®"'? Our previous study'' reported
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that compared with the general population, gastric cancer
patients who underwent gastrectomy or had previous TB infec-
tion were more likely to develop TB infection.

Early gastric cancer patients who received gastrectomy
have been reported to have a higher incidence of TB compared
with those who received endoscopic mucosal resection.'® How-
ever, the number of TB patients among gastric cancer patients in
the reported series'®'# was limited due to a low incidence. For
gastric cancer patients, whether gastrectomy has an impact on
the incidence of TB infection has not been well established.

To clarify this issue, we conducted a nationwide popu-
lation-based matched cohort study using the National Health
Insurance Research Database (NHIRD). We investigated the
incidence of TB in patients with newly diagnosed gastric cancer
in Taiwan, which exhibits a moderate TB burden, and analyzed
the risk factors for the development of TB and mortality in
gastric cancer patients.

MATERIALS AND METHODS

Data Sources

Taiwan’s National Health Insurance (NHI) program was
initiated in 1995. The program supplies comprehensive medical
care to all residents of Taiwan, with a coverage rate of more than
99%. The program comprises outpatient, emergency, inpatient,
dental, and traditional Chinese herbal medicine, as well as
prescription drugs.

Taiwan’s National Health Research Institutes (NHRI)
manage and publicly release databases collectively known as
the NHIRD. We used the NHIRD’s Registry for patients with
catastrophic illnesses, which provides comprehensive infor-
mation on NHI enrollment and healthcare resource provision
for severely ill patients who receive copayment exemptions
under the NHI program. The NHIRD Registry can be integrated
with several NHI databases, including claims data, NHI enroll-
ment files, and the prescription registry.

We identified gastric cancer patients from a catastrophic
illnesses dataset. The database includes the patients’ registration
files and medical claims from 1996 onward and has been
validated by the NHRI and released publicly in electronic form.
In this cohort database, patients’ identification information is
encrypted in a consistent code, linking individual claims within
the database. Hence, patients’ prescriptions and diagnoses can
be longitudinally followed and reviewed as long as the patients
have visited clinics or hospitals in Taiwan. Because the NHIRD
consists of de-identified secondary data for research, informed
consent can be waived. The Institutional Review Board of
Taipei Veterans General Hospital issued a formal written waiver
for the need for consent (no. 2014-06-001BE).

Study Population

A retrospective matched cohort study was performed from
January 1, 2000 to December 31, 2011. Based on the Inter-
national Classification of Diseases, 9th revision, and Clinical
Modification (ICD-9-CM) codes of gastric cancer (151.0—
151.9) from discharge codes and catastrophic illness regis-
tration, we identified study cohort during the study period.
The diagnosis of TB was achieved by ICD-9-CM codes
(010-018). The assurance of diagnosis was accomplished by
the prescription definition with at least 2 anti-TB medications
for >28 days. The exclusion criteria included patients younger
than age 20 with a diagnosis of gastric cancer, patients whose
diagnosis of TB occurred before enrollment, and patients who
were diagnosed as TB within 30 days of the diagnosis of gastric
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cancer. Diseases related to compromised immunity or lung
diseases that may make a patient susceptible to TB were defined
as comorbidities; these diseases therefore represent potential
confounding factors. The treatment that the patients received,
such as major surgery for gastric cancer, chemotherapy, and
radiotherapy, was also included for further analysis.

Matched Cohort

The matched cohort was selected from the Longitudinal
Health Insurance Database 2000 (LHID2000) and patients with
gastric cancer were excluded. LHID2000 is a subset of the
NHIRD that includes data from a random sample of approxi-
mately 1 million people alive in 2000 to represent the Taiwanese
population. Each gastric cancer patient was matched with 1
randomly selected nongastric cancer subject by age, sex, and
presence of comorbidities on the same index date as the
diagnosis of gastric cancer. The exclusion criteria mentioned
above were also used for the matched cohort. The patient
selection process is demonstrated in Figure 1.

Statistical Analysis

The development of TB was the key dependent variable for
this study. The follow-up of the 2 cohorts was until the date of TB
diagnosis, patients’ death, dropout from NHI, or until December
31, 2011. The maximum period of follow-up was 12 years. The
chi-squared test was applied for comparing the categorical vari-
ables between the 2 groups. The cumulative incidence was
analyzed by the Kaplan—Meier method. The hazard ratios
(HR) and 95% confidence interval (CI) were calculated using
a Cox proportional hazards model. The risk factors for TB among
gastric cancer patients after adjusting confounders were per-
formed using a multivariate Cox proportional hazards model.
Mortality in the gastric cancer cohort was also analyzed. The
variables such as age, sex, comorbidities, and the treatment (such
as surgery, chemotherapy, or radiotherapy) were included in this
model for analysis. The treatment that patients received after
gastric cancer was processed as a time-dependent variable to
prevent immortal time bias. Variables with P value <0.1 in the
univariate analysis were further included in the model of multi-
variate analysis. We use the Perl programming language (version
5.12.2) to extract and compute the data. The linkage, processing,
and sampling of data were performed using Microsoft SQL
Server 2012 (Microsoft Corp., Redmond, WA). The software
including SAS (version 9.3; SAS Institute Inc., Cary, NC) or
STATA statistical software (version 12.1; StataCorp, College
Station, TX) was used for data analysis. A P value <0.05 was
defined as statistically significant.

RESULTS

Clinical Characteristics of the Study Population
From January 2000 to December 2011, 36,972 patients
were diagnosed with gastric cancer. After excluding patients
with antecedent TB (n = 1831), those who were younger than 20
years of age (n =21), and patients who were diagnosed with TB
or who were followed for <30 days from the diagnosis of gastric
cancer (n=2008), 36,972 patients were enrolled in the present
study. The median age of the study population was 69 years
(interquartile range, 56—77 years) with a male to female ratio of
1.69. Chronic pulmonary obstructive disease (32.1%) was the
most common comorbidity. Among these gastric cancer
patients, 66.9% had received major surgery, 52.2% had received
chemotherapy, and 14.3% had received radiotherapy. Table 1
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FIGURE 1. Flow chart for this study. NHIRD = National Health Insurance Research Database.

TABLE 1. Baseline Patient Characteristics of Patients With Gastric Cancer and the Matched Cohort

Patients With Gastric Matched Cohort,
Cancer, n = 36,972 n=36,972
Characteristics n % n % P Value
Median age, y (interquartile range) 69 (56-77) 69 (56—77)
>70 17,749 48.0 17,642 47.7 0.431
<70 19,223 52.0 19,330 52.3
Sex
Male 23,210 62.8 23,210 62.8 1.000
Female 13,762 37.2 13,762 37.2
Comorbidities
Diabetes mellitus 11,216 30.3 11,217 30.3 0.994
COPD 11,871 32.1 11,872 32.1 0.994
Asthma 6261 16.9 6258 16.9 0.977
Chronic kidney disease 6001 16.2 5999 16.2 0.984
Alcohol use disorder 1438 3.9 1430 3.9 0.879
Liver cirrhosis 1810 49 1803 49 0.905
Autoimmune diseases 2931 7.9 2928 7.9 0.967
Dyslipidemia 11,245 30.4 11,244 304 0.994
Treatment
Major surgery 24,745 66.9
Chemotherapy 19,311 522
Radiotherapy 5287 14.3

COPD = chronic obstructive pulmonary disease.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved. www.md-journal.com | 3
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Log-rank p < 0.001

Patients with gastric cancer

Cumulative incidence of tuberculosis (%)

0 -
T T T T T T T
0 2 4 6 8 10 12
Follow-up (years)
Number at risk
Gaslric cancer 36,972 15,026 9,002 5,782 3,453 1,515

Matched cohort 36,972 28,341 20,557 13,920 8,360 3,776

FIGURE 2. Cumulative incidence of tuberculosis in patients with
gastric cancer and the matched cohort.

summarizes the demographic characteristics, comorbidities,
and treatments of the patients with gastric cancer and the
matched cohort. In patients with TB, the median time to the
development of TB was 2.05 years for patients with gastric
cancer and 2.89 years for the matched cohort.

Comparisons of TB Incidence Rates Between
Patients With Gastric Cancer and the Matched
Cohort

As shown in Figure 2, the cumulative incidence of TB
was significantly higher in the patients with gastric cancer
than in the matched cohort (P <0.001). Among the 36,972
gastric cancer patients and the 640 matched controls, TB was
diagnosed for 521 patients. During the follow-up of the
gastric cancer and the matched cohorts, the incidence rate
of TB was 52.3 and 34.4 cases per 10,000 person-years,
respectively. As shown in Table 2, after adjusting the

variables including age, sex, and the comorbidities, the
gastric cancer cohort exhibited a significantly higher overall
risk of developing TB (adjusted HR 1.59, 95% CI 1.41-1.79,
P <0.001). The increased risk was observed in both patients
ages >70 years (adjusted HR 1.42, 95% CI 1.23-1.64,
P <0.001) and those ages <70 years (adjusted HR 2.00,
95% CI 1.63-2.46, P <0.001). However, the discrepancy
was limited to pulmonary TB and was not observed among
the extrapulmonary cases.

Risk Factors for TB in Patients With Gastric
Cancer

We identified 521 cases in which active TB developed in
the gastric cancer cohort during the follow-up period. Age, sex,
comorbidities, and treatment were included for analysis in a
Cox proportional hazards regression model. In addition to age
and sex, major comorbidities such as diabetes mellitus, chronic
obstructive pulmonary disease (COPD), asthma, chronic kidney
disease, alcohol use disorder, liver cirrhosis, autoimmune dis-
ease, dyslipidemia, and major surgery were included in the
multivariate analysis. Independent risk factors were old age (HR
2.40, 95% CI 1.92-2.99, P < 0.001), male sex (HR 2.13, 95%
CI 1.76-2.57, P < 0.001), diabetes mellitus (HR 1.28, 95% CI
1.05-1.56, P=0.013), and COPD (HR 1.44, 95% CI 1.19-
1.75, P <0.001). However, dyslipidemia (HR 0.64, 95% CI
0.52-0.80, P <0.001) was identified as an independent pro-
tective factor (Table 3).

Analysis of the Long-term Outcomes of Gastric
Cancer Patients

Among the 36,972 patients with gastric cancer, 17,264
(46.7%) died during the follow-up period. A mortality analysis
was performed. Among the aforementioned risk factors, TB
infection (HR 2.29, 95% CI 2.03-2.59, P <0.001), age > 70
years (HR 1.12, 95% CI 1.09-1.16, P < 0.001), male sex (HR
1.62, 95% CI 1.57-1.67, P <0.001), diabetes mellitus (HR
1.11, 95% CI 1.08-1.15, P<0.001), chronic kidney disease
(HR 1.17, 95% CI 1.12—-1.21, P < 0.001), alcohol use disorder
(HR 1.11, 95% CI 1.03—1.20, P=0.007), and liver cirrhosis

TABLE 2. Incidence of Tuberculosis in Patients With Gastric Cancer and the Matched Cohort

Patients With Gastric

Cancer Matched Cohort
Per 10,000 Per 10,000 Crude HR Adjusted
TB No. Person-Year TB No. Person-Year 95% CI) P Value HR" (95% CI) P Value
Total 521 52.3 640 344 1.50 (1.33-1.68) <0.001 1.59 (1.41-1.79) <0.001
Age
>70 321 84.5 461 59.7 1.41 (1.22-1.63) <0.001 142 (1.23-1.64) <0.001
<70 200 324 179 16.4 1.98 (1.61-2.42) <0.001 2.00 (1.63-2.46) <0.001
Sex
Male 421 69.5 522 45.5 1.50 (1.31-1.70) <0.001 1.57 (1.38-1.79) <0.001
Female 100 25.6 118 16.5 1.58 (1.21-2.06) <0.001 1.68 (1.29-2.20) <0.001
Type
Pulmonary TB 478 48.0 574 30.8 1.53 (1.35-1.73) <0.001 1.63 (1.44-1.84) <0.001
Extrapulmonary TB 43 43 66 3.5 1.22 (0.83-1.80) 0.317 1.28 (0.87—1.88) 0.220

CI = confidence interval, HR =hazard ratio, TB = tuberculosis.
* Adjusted for age, sex, and comorbidities listed in Table 1.
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TABLE 3. Analyses of Risk Factors for Tuberculosis in Patients With Gastric Cancer

Univariate Analysis

Multivariate Analysis”

Predictive Variables HR (95% CI) P Value HR (95% CI) P Value
Age > 70 2.59 (2.17-3.09) <0.001 2.40 (1.92-2.99) <0.001
Male sex 2.70 (2.17-3.36) <0.001 2.13 (1.76-2.57) <0.001
Comorbidity
Diabetes mellitus 1.33 (1.11-1.60) 0.002 1.28 (1.05-1.56) 0.013
COPD 2.03 (1.71-2.41) <0.001 1.44 (1.19-1.75) <0.001
Asthma 1.54 (1.24-1.90) <0.001 1.09 (0.87-1.37) 0.451
Chronic kidney disease 1.46 (1.17-1.83) 0.001 1.16 (0.92-1.47) 0.213
Alcohol use disorder 1.53 (1.03-2.27) 0.035 1.36 (0.90-2.06) 0.143
Liver cirrhosis 1.72 (1.21-2.45) 0.003 1.38 (0.95-1.99) 0.088
Autoimmune diseases 1.31 (0.98-1.77) 0.071 1.26 (0.93-1.70) 0.134
Dyslipidemia 0.79 (0.64—0.96) 0.021 0.64 (0.52-0.80) <0.001
Treatment'
Major surgery 0.77 (0.62-0.95) 0.015 0.84 (0.68—1.04) 0.109
Chemotherapy 0.92 (0.77-1.10) 0.372
Radiotherapy 1.17 (0.88—1.57) 0.289

gl = confidence interval, COPD = chronic obstructive pulmonary disease, HR = hazard ratio.
All factors with P < 0.1 in the univariate analysis were included in the Cox multivariate analysis.
Treatment was analyzed as a time-dependent covariate in the Cox regression model.

(HR 1.24, 95% CI 1.15-1.32, P <0.001) were identified as
independent risk factors for mortality. Dyslipidemia remained
an independent protective factor for mortality in gastric cancer
patients (HR 0.85, 95% CI 0.82—-0.88, P < 0.001; Table 4).

DISCUSSION
This is the first population-based nationwide study to
clearly demonstrate a significantly increased TB risk in patients
with gastric cancer. Furthermore, old age, male sex, diabetes
mellitus, and COPD were identified as independent risk factors

for developing TB among patients diagnosed with gastric
cancer. TB is an independent prognostic factor affecting the
overall survival of gastric cancer patients. Furthermore, dysli-
pidemia appears to be an independent protective factor for TB in
gastric cancer patients. To the best of our knowledge, this is the
largest cohort study in which the correlation between TB and
gastric cancer has been investigated.

TB, a notifiable disease in Taiwan, should be reported to
Taiwan’s CDC within 1 week of diagnosis. Patients who are
suspected of having TB should be further diagnosed by TB
specialists; this procedure would result in the thorough

TABLE 4. Risk Factors for Mortality in Patients With Gastric Cancer

Univariate Analysis

Multivariate Analysis”

Predictive Variables HR (95% CI) P Value HR (95% CI) P Value
Tuberculosis’ 2.65 (2.35-2.99) <0.001 2.29 (2.03-2.59) <0.001
Age > 70 1.67 (1.62-1.72) <0.001 1.12 (1.09-1.16) <0.001
Male sex 1.19 (1.16—1.23) <0.001 1.62 (1.57-1.67) <0.001
Comorbidity
Diabetes mellitus 1.17 (1.13-1.21) <0.001 1.11 (1.08-1.15) <0.001
COPD 1.18 (1.15-1.22) <0.001 0.99 (0.96-1.03) 0.753
Asthma 1.11 (1.07-1.15) <0.001 1.00 (0.96—-1.04) 0.928
Chronic kidney disease 1.28 (1.23-1.33) <0.001 1.17 (1.12-1.21) <0.001
Alcohol use disorder 1.12 (1.04-1.20) 0.004 1.11 (1.03—1.20) 0.007
Liver cirrhosis 1.32 (1.24-1.42) <0.001 1.24 (1.15-1.32) <0.001
Autoimmune diseases 1.00 (0.94-1.05) 0.874
Dyslipidemia 0.94 (0.91-0.97) <0.001 0.85 (0.82-0.88) <0.001

gl = confidence interval, COPD = chronic obstructive pulmonary disease, HR =hazard ratio.
~ All factors with P < 0.1 in the univariate analysis were included in the Cox multivariate analysis.
"Tuberculosis was analyzed as a time-dependent covariate in the Cox regression model.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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documentation of diagnosed cases of TB and their listing in the
NHIRD.'> NHIRD is well suited for studying the correlation
between TB and gastric cancer; therefore, we believe our results
provide useful information and reliable evidence.

Old age, male sex, diabetes mellitus, and COPD were
identified by multivariate analysis as independent risk factors
for TB in gastric cancer patients. A novel finding of our study is
that gastrectomy is not an independent risk factor for TB
infection in gastric cancer patients. To date, there has been
only 1 report demonstrating that in early gastric cancer, gas-
trectomy rather than endoscopic submucosal resection is a risk
factor for TB infection.'® The nutrition status and performance
status may differ between early and advanced gastric cancer,
which may influence the risk of TB infection. Gastrectomy
itself might not be a risk factor for TB in advanced gastric
cancer patients; rather, nutrition status and performance status
may be more important.

Gastric cancer patients who received gastrectomies might
have greater nutrition and performance status compared with
those who did not receive surgery or received chemotherapy
alone. However, patients who received gastrectomies were
reported to have an increased incidence of TB infection, which
might be due to vitamin B12 deficiency-induced cellular immu-
nity impairment.'® Because a randomized clinical trial cannot
evaluate the effects of gastrectomy and/or chemotherapy on the
incidence of TB due to ethical issues, a nationwide population-
based study with an extremely large population and compre-
hensive clinical data might offer the best strategy to investigate
this issue.

Nair et al reported that chemotherapy was not associated
with the reactivation of TB,'* which is consistent with our
results. In our series, the median time to develop TB infection in
gastric cancer was 2 years. As a result, patients who receive
chemotherapy might have more advanced gastric cancer and
might not live long enough to acquire a TB infection.

In the present study, COPD and diabetes mellitus were
identified as independent risk factors for developing TB in
gastric cancer patients. Moreover, unlike in other series, we
analyzed TB by site (pulmonary or extrapulmonary). The
increased incidence appears to be limited to cases of pulmonary
TB. Understandably, the lungs are the most frequent site of TB
infection in gastric cancer patients with COPD, which is
reported to be an independent risk factor for TB. Smoking,
the most important risk factor for COPD, is known to be
associated with pulmonary TB.!7~!?

The present study identified diabetes mellitus as another
risk factors for TB, which has also been reported in previous
series.”® Insight into the mechanism underlying this association
might be provided by immunological studies. Interferon-
gamma, which is crucial for host defense against TB, is
expressed at low levels in diabetic mice infected with Myco-
bacterium tuberculosis.*' Alveolar macrophages are less acti-
vated in TB patients with diabetes.”> Consequently, gastric
cancer patients with diabetes mellitus are more likely to exhibit
decreased immunity and therefore are more likely to be infected
with TB. Old age is a risk factor of TB in gastric cancer patients.
Elderly patients usually have more comorbidities and worse
nutrition and immunity than younger patients, and they might be
more likely to develop TB.

The present study demonstrates that dyslipidemia appears to
be an independent protective factor both for TB and against
mortality in gastric cancer patients, which has not been previously
reported. These associations require careful investigation.
Madenspacher et al reported that intra-alveolar and circulating
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immune cells are exposed to divergent environments during
dyslipidemia.>® Dyslipidemia primes systemic innate immune
responses and attenuates intrapulmonary innate immunity. As a
result, dyslipidemia could serve as a protective factor for TB in
gastric cancer patients. One possible reason might be that some
patients exhibited significant weight loss and poor nutritional
status at the time of gastric cancer diagnosis. However, gastric
cancer patients with dyslipidemia might exhibit a relatively better
nutritional status than those without dyslipidemia and thus have a
higher tolerance for gastric cancer treatment.

It has been reported that with the aid of consistent TB
control strategies, including early detection of TB and estab-
lishing TB treatment under direct observation, the TB
mortality rate can be reduced in TB-endemic areas.”* The
novel findings in our study identify the risk factors for TB in
gastric cancer patients and further confirm that TB is an
independent risk factor for death in gastric cancer patients.
Consequently, it is necessary to establish a screening program
and treatment for TB in high-risk gastric cancer patients to
improve overall survival.

This study has some limitations. First, it is possible that
some of the observed effects of being male on the development
of pulmonary TB were driven by the effects of smoking.
However, we could not analyze the correlation between smok-
ing, sex, and TB infection because smoking status data are not
available in the NHIRD. Second, the inherent restrictions of the
NHIRD allowed us to obtain only administrative data and not
data on socioeconomic status, performance status, nutritional
status, or other potentially relevant factors, such as family
history of TB or the presence of residual scarring lesions in
chest X-rays, which contribute to an increased risk of TB.
Therefore, this study could not explore the relationships
between these factors and the development of TB. Third, we
were unable to obtain information on cancer staging from the
NHIRD, and therefore could not clarify the association between
the incidence of TB and stages of gastric cancer. This is an
inevitable limitation of our study. Lastly, this is an observa-
tional study, and not all of the factors of interest were included;
however, risk factors for TB in gastric cancer patients were
identified. These findings provide valuable information and are
important for the follow-up of gastric cancer.

CONCLUSIONS

This study demonstrates a higher incidence of TB infection
in gastric cancer patients than in the matched cohort. TB
infection is associated with worse survival in gastric cancer
patients. As a result, early detection and treatment of TB are
important for gastric cancer patients, and might decrease TB-
related mortality. This study provides empirical support for
regularly screening high-risk gastric cancer patients for TB in
TB-endemic areas.
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