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ABSTRACT

Objective Animal studies showed that male subjects

had lower activity of immune response to infections

than female subjects, which may increase the risk of the
development of tuberculosis in male population. This study
intended to investigate the risk of incident tuberculosis in
male and female adults in Taiwan.

Design This is a retrospective cohort study.

Setting The present analyses used data of Taiwan
National Health Interview Survey 2001, 2005 and 2009,
National Register of Deaths Dataset, and National Health
Insurance Research Database from 2000 to 2013.
Participants A total of 43424 subjects with a mean age
of 43.04 years were analysed.

Primary outcome measures Incidence of tuberculosis.
Results During 381561 person-years of follow-up period,
incident tuberculosis was recognised in 268 individuals.
The incidence rates of tuberculosis were 97.56 and

43.24 per 100000 person-years among male and female
participants, respectively. Kaplan-Meier curves comparing
male and female subjects showed statistical significance
(log-rank test, P value<0.01). After adjusting for subjects’
demographics and comorbidities, men showed increased
risks of incident tuberculosis (adjusted HR, 1.68; 95% Cl
1.21 10 2.34; P value<0.01) compared with women. On
subgroup analysis, after stratifying by age, smoking and
alcohol use, men had a higher risk of incident tuberculosis
than women in all patient subgroups, except those who
were current smokers.

Conclusions This study suggests that men had a

higher risk of incident tuberculosis than women. Future
tuberculosis control programmes should particularly target
the male population.

INTRODUCTION
Tuberculosis remains one of the most wide-
spread infectious diseases around the world.
About one-third of the global population is
latently infected by tuberculosis.' In 2016,
it was estimated that there are 10.4million
cases of tuberculosis in the world; of those,
6.8 million (65%) were male patients.2

In Taiwan, tuberculosis had the highest
annual number of incident cases in all
reported infectious diseases for decades.’
Since 2006, the Centers for Disease Control
of Taiwan implemented a directly observed
therapy, a short-course programme, with the

Strengths and limitations of this study

» This study used the large national health surveys
to access a representative cohort and was cross-
linked with the National Health Insurance Research
Database; therefore, the possibility of selection bias
can be excluded.

» The National Health Interview Survey was planned
and accomplished by a well-experienced national
survey group, using a standard interview process.

» Detailed personal information was collected, which
allowed us to adjust for the major risk factors of
tuberculosis in the analysis.

» The definition of tuberculosis relied on
the International Classification of Diseases, Ninth
Revision, Clinical Modification codes and medication
prescription history of antituberculosis drugs,
and the outcome of incident tuberculosis may be
misclassified.

» Almost all our subjects were Taiwanese and the
external validity of the results should be a concern.

aim of reducing the incidence of tuberculosis
by half by 2015. As a result, the incidence of
tuberculosis dropped from 72.5/100 000 in
2005 to 45.7/100 000 in 2015.% Nevertheless,
10711 new-onset tuberculosis cases remained
in 2015 in Taiwan.

Men and women may have differences in
susceptibility to infectious diseases. Animal
studies showed that male mice have a lower
activity of immune response to infections
than female mice.® Clinical studies also
revealed that men have decreased CD3" and
CD4" T cell counts and T helper type I reac-
tions as compared with women during infec-
tious diseases.” A previous report indicated
that sex hormone may be a significant factor
for the differences in susceptibility to infec-
tious diseases between men and women.’
Prior studies showed that testosterone
could impair macrophage activation’ and
play a detrimental role in the development
of tuberculosis.® In contrast, oestrogens
are proinflammatory mediators’ inducer
that stimulates the production of tumour
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Table 1 Baseline characteristics of the study population (n=43424)

Men, n=21597 Women, n=21827
Characteristics n (%) n (%) P value
Age in years, mean (SD) 42.8 (16.7) 43.3 (16.5) <0.01
Marriage status
Married/cohabiting 13395 (62.0) 13476 (61.7) <0.01
Single 6870 (31.8) 5173 (23.7)
Widowed/divorced/separated 1332 (6.2) 3178 (14.6)
Education
Elementary or below 4163 (19.3) 6623 (30.3) <0.01
Junior/senior high 10394 (48.1) 8990 (41.2)
College or above 7040 (32.6) 6214 (28.5)
Household income
Low (<US$968/month) 4858 (22.5) 5474 (25.1) <0.01
Moderate (US$968-2258/month) 9396 (43.5) 9363 (42.9)
High (>US$2258/month) 7343 (34.0) 6990 (32.0)
Smoking status
Never 9466 (43.8) 20219 (92.6) <0.01
Current 9780 (45.3) 1294 (5.9)
Ever 2351 (10.9) 314 (1.5)
Alcohol use
None 9854 (45.6) 16979 (77.8)
Less than once a week 5659 (26.2) 3537 (16.2) <0.01
More than once a week 6084 (28.2) 1311 (6.0)
Comorbidity
Diabetes 3268 (15.1) 3264 (15.0) 0.60
Chronic kidney disease 665 (3.1) 524 (2.4) <0.01
Chronic obstructive pulmonary disease 3379 (15.7) 3042 (13.9) <0.01
Asthma 1651 (7.6) 2038 (9.3) <0.01
Cancer 1586 (7.3) 1418 (6.5) <0.01

necrosis factor-o” and interacts with the [Interferon -y
promoter."’

Tuberculosis is one of the most widespread infectious
diseases around the world. Understanding sex-based
differences on the risk of incident tuberculosis would be
greatly beneficial for intensive tuberculosis prevention
programmes. We therefore conducted this retrospective
cohort study to determine the risk of incident tubercu-

losis by using a national survey data in Taiwan.

METHODS

Study subjects and data source

The study population was selected from three rounds of
a large general survey in Taiwan, namely the National
Health Interview Survey (NHIS), which was performed in
2001, 2005 and 2009. A systematic, multistage, stratified
sampling design based on the degree of suburbanisation,
geographical setting and local administrative bound-
aries was used to pick up a representative sample of the

general population in Taiwan.!" Well-trained interviewers
collected the data by an identical face-to-face interview.
The survey data provide information on participants’
sociodemographic and lifestyle behaviours. The National
Health Insurance (NHI) data set contains all inpatient
and outpatient medical records, and the diagnosis and
procedures were recorded using the International Classi-
fication of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes. Deaths were confirmed by examining
the death certificate database of Taiwan. Subjects under
the age of 18 years were excluded. Subjects who were
diagnosed with tuberculosis (ICD-9-CM codes 010-018)
before the interview were excluded. All study participants
were followed from the time of the NHIS interview until
a diagnosis of tuberculosis, death or 31 December 2013.

Main explanatory variable and outcome variable

The main explanatory variable was sex. Information on
participants’ sex was collected during the NHIS interview.
This study identified new onset of tuberculosis cases by
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Figure 1

linking the NHIS data set to the NHI data set. An incident
tuberculosis case was defined as the presence of tuber-
culosis diagnosis coded (ICD-9-CM codes 010-018) and
the treatment of more than two antituberculosis medica-
tions, such as isoniazid, ethambutol, rifampin and pyra-
zinamide, for more than 4 weeks.'?

Potential confounding variables

Risk factors for tuberculosis, which were identified in
previous studies, were assessed in our analyses'; these
included the individuals’ sociodemographic character-
istics (age, educational level, marital status, household
income, smoking habit and alcohol consumption) and
comorbidities. Marital status was classified into single,
married/cohabiting and widowed/divorced/separated.
Household income level was grouped in tertiles: low
(US$968/month), moderate (US$968-2258/month)
and high (>US$2258/month). Smoking habit was cate-
gorised as never, former and current smokers. Alcohol
consumption included never, less than once a week
and more than once a week. The presence of comor-
bidities in patients was determined according to the
ICD-9-CM codes. The comorbidities included diabetes
(ICD-9-CM code 250), chronic kidney disease (ICD-9-CM
codes 580-587), chronic obstructive pulmonary disease
(ICD-9-CM codes 491, 492 and 496), asthma (ICD-9-CM
code 493) and cancer (ICD-9-CM codes 140-208). A
comorbidity was identified if the condition occurred in
three or more outpatient visits or an inpatient setting
admission."*

Cumulative incidence rate for incident tuberculosis (TB) by sex.

Statistical analysis

The characteristics of the male and female participants
were analysed. The two-sample t-test was used for compari-
sons of continuous data between male and female groups.
Categorical data were analysed using the Pearson’s ” test.
The incidence of tuberculosis per 100000 person-years
was calculated according to sex. Kaplan-Meier curves
were used to address and draw the incidence of tuber-
culosis over time by sex with a log-rank test. Univariate
Cox regression model was used to evaluate the crude
associations of sex and other potential confounding vari-
ables with active tuberculosis by calculating the HRs and
95% CIs. Multivariable Cox regression model was used
to assess the independent association between gender
and active tuberculosis after adjusting for potential
confounders. Finally, stratified analyses were conducted
after stratifying the patients according to age, alcohol use
and smoking status. Data analyses were performed using
SAS V.9.4 software.

RESULTS

A total of 48604 adult individuals participated in the
three rounds of the NHIS in Taiwan. After excluding
those with diagnosed and treated tuberculosis (n=273),
unknown sex (n=1) and incomplete data (n=4906), the
remaining 43424 patients were included in our analysis.
The overall mean (SD) age was 43.1 (16.6) years, 49.7%
of the subjects were male, and the mean (SD) follow-up
time was 8.8 (3.5) years. Table 1 shows the baseline char-
acteristics and comorbidities between male and female
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Table 2 Univariate and multivariate Cox proportional hazards analyses of risk of incident tuberculosis (n=43 424; 241

tuberculosis cases)

Multivariate
Subjects, n (% in Tuberculosis, n (% Univariate analysis analysis AHR

Characteristics column) in row) HR (95% CI) (95% Cl)
Sex

Female 21827 (50.26) 83 (0.38) Ref Ref

Male 21597 (49.74) 185 (0.86) 2.25(1.74t02.92) 1.68 (1.21 to0 2.34)

Age (per 10-year increase) 1.67 (1.55t0 1.79) 1.44 (1.30 to 1.60)
Marriage status

Married/cohabiting 26871 (61.88) 189 (0.70) Ref Ref

Single 12043 (27.73) 30 (0.25) 0.35(0.24 t0 0.51)  1.05 (0.68 to 1.62)

Widowed/divorced/separated 4510 (10.39) 49 (1.09) 1.75 (1.28 to 2.40) 1.14 (0.82 to 1.60)
Education

Elementary or below 10786 (24.84) 140 (1.30) Ref Ref

Junior/senior high 19384 (44.64) 94 (0.48) 0.36 (0.28t0 0.47)  0.81 (0.59 to 1.10)

College or above 13254 (30.52) 34 (0.26) 0.20 (0.14 t0 0.29) 0.68 (0.43 to 1.05)
Household income

Low (<US$968/month) 10332 (23.79) 110 (1.06) Ref Ref

Moderate (US$968-2258/month) 18759 (43.20) 100 (0.53) 0.46 (0.35t0 0.60)  0.77 (0.58 to 1.03)

High (>US$2258/month) 14333 (33.01) 58 (0.40) 0.34 (0.25t0 0.46)  0.68 (0.48 to 0.96)
Smoking status

Never 29685 (68.36) 132 (0.44) Ref Ref

Current 11074 (25.50) 107 (0.97) 2.18(1.69t02.81)  1.48(1.08 to 2.03)

Ever 2665 (6.14) 29 (1.09) 3.08 (2.06 to 4.61)  1.33 (0.85 to 2.06)
Alcohol use

None 26833 (61.79) 150 (0.56) Ref Ref

Less than once a week 9196 (21.18) 27 (0.29) 0.67 (0.44 to 1.01) 0.87 (0.57 to 1.33)

More than once a week 7395 (17.03) 91 (1.23) 2.18 (1.68 t0 2.82) 1.77 (1.32 t0 2.37)
Comorbidity

Diabetes 6532 (15.04) 73(1.12) 2.11(1.61t02.76)  1.05(0.80 to 1.40)

Chronic kidney disease 1189 (2.74) 12 (1.01) 1.79 (1.00t0 3.19)  0.69 (0.38 to 1.25)

Chronic obstructive pulmonary 6421 (14.79) 110 (1.71) 4.11 (3.22 t0 5.24) 1.95 (1.47 to 2.60)

disease

Asthma 3689 (8.50) 50 (1.36) 2.49 (1.83t03.38) 1.13 (0.81 to 1.57)

Cancer 3004 (6.92) 44 (1.46) 292 (2.12t04.04)  1.34(0.95to 1.87)

AHR, adjusted HR; Ref, reference.

participants. As compared with female participants, male
participants had a higher proportion of current and
ever smoking. Moreover, male participants had a higher
percentage of chronic kidney disease, chronic obstructive
pulmonary disease and cancer, but had a lower propor-
tion of asthma than female participants.

Among 43424 study subjects, new-onset tubercu-
losis cases were noted in 268 individuals after the NHIS
interview, including 185 (0.86%) male participants and
83 (0.83%) female participants. The incidence rates of
tuberculosis were 97.56 and 43.24 per 100000 person-
years among male and female participants, respectively
(P<0.01). Kaplan-Meier curves comparing men and

women revealed statistical significance (log-rank test,
P<0.01) (figure 1).

As compared with female participants, the relative risk
of incident tuberculosis was higher among male subjects
(HR=2.25; 95%CI 1.74 to 2.92; P<0.01) in univariate
analysis. Other factors associated with new-onset tuber-
culosis were older age, being widowed/divorced/sepa-
rated, current and ever smoking, alcohol consumption
more than once a week, diabetes, chronic kidney disease,
chronic obstructive pulmonary disease, asthma and
cancer (table 2). Those with higher education levels
and higher household income levels had decreased risks
of incident tuberculosis (table 2). After controlling for
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Figure 2 Stratified analysis for the associations between sex and incident tuberculosis after adjusting for patient
characteristics. Reference group: women. Values >1.0 indicate an increased risk. AHR, adjusted HR.

demographics and comorbidities, men had higher risks
of new-onset tuberculosis than women (HR=1.68; 95% CI
1.21 to 2.34; P<0.01) (table 2).

Figure 2 illustrates the results of the stratified analyses
for the association between sex and incident tuberculosis
after stratifying the participants by age, smoking and
alcohol use. Men had a higher risk of incident tubercu-
losis than women in all patient subgroups, except those
who were current smokers. There were no significant
interactions between sex and other variables.

DISCUSSION

This retrospective cohort study revealed that the incidence
rates of tuberculosis were 97.6 and 43.2 per 100000 person-
years in men and women, respectively. After adjusting
for age, smoking, alcohol use, socioeconomic status and
comorbidities, men had a significantly higher risk of active
tuberculosis than women. Our study showed robust associ-
ations between sex and tuberculosis after stratifying partic-
ipants by age, smoking and alcohol use. Men had a higher
risk of incident tuberculosis than women in all subgroups,
except those with current smoking.

This study found that men had a 2.3fold higher risk of
active tuberculosis than women. A previous report showed
that male adults in Italy had a twofold higher risk of inci-
dent tuberculosis than female adults.”” Moreover, a study in
China indicated that the average annual incidence of tuber-
culosis was 111.75 per 100000 in men and 43.44 per 100000
in women.'® Since tuberculosis remains a common disease
throughout a majority of the world,"” our study suggests
that men should be the target population for tuberculosis
prevention.

Sex hormones may explain the higher risk of active
tuberculosis in men. Prior reports showed that testos-
terone could impair macrophage activation and lower
the production of proinflammatory cytokines,7 which
may increase the susceptibility to tuberculosis infec-
tion. However, oestrogens are the inducer of proin-
flammatory cytokines’ '’ and can enhance macrophage
activation,”® which could provide protection against

tuberculosis infection. In a randomised experimental
study, male mice had a lower production of cytokines
(eg, tumour necrosis factor-o, interleukin-17) than
female mice during the first month of tuberculosis
infection.'” Moreover, male mice had a higher burden
of Mycobacterium tuberculosis bacilli than female mice
during the active tuberculosis disease.'” However, when
orchidectomy was performed on male mice with tuber-
culosis, the burden of M. tuberculosis bacilli significantly
decreased.” The high susceptibility of male mice to
tuberculosis infection was prevented by castration'’
and may indicate that a male sex hormone is a signifi-
cantly susceptible factor for tuberculosis infection.

The access to healthcare was different between men
and women.”’ A previous study reported that barriers to
accessing healthcare among women may cause underno-
tification and a low incidence of tuberculosis.! However,
Taiwan has launched its single-payer NHI programme
in 1995.* More than 99% of the population in Taiwan
were enrolled in this NHI programme.” Therefore,
barriers to accessing healthcare among women would be
less likely to explain the higher incidence of tuberculosis
in men than in women in this report.

This study also found that men had a significantly
higher proportion of smoking and alcohol use than
women. Previous studies showed that smoking®™ and
alcohol use® were the risk factors for active tubercu-
losis. The high proportion of smoking and alcohol
use in men may account for the difference in suscep-
tibility to active tuberculosis between men and women.
However, when this study conducted subgroup analysis,
after stratifying the subjects by smoking and alcohol
use, men were found to have a higher risk of active
tuberculosis than women in all subgroups, except those
who were current smokers. Overall, the findings in this
study indicated that a male sex is an independent risk
factor for active tuberculosis.

This study has several strengths. This study used a
large national health survey to access a representative
cohort and was cross-linked with the NHI database,
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which has more than a 99% nationwide coverage. The
involvement rate was high in the three rounds of NHIS
(94% in 2001, 81% in 2005, and 84% in 2009), and so
the possibility of selection bias could be excluded.? The
NHIS was planned and accomplished by a well-experi-
enced national survey group using a standard interview
process. Detailed personal information was collected
during the interview, which allowed us to adjust for the
major risk factors for tuberculosis in the analysis.

Even so, two limitations should be warranted. First, the
data regarding the bacteriological results for tuberculosis
diagnosis were not available in this study. The definition
of tuberculosis relied on ICD-9-CM codes and medication
prescription history of antituberculosis drugs, and the
outcome of incident tuberculosis could have therefore been
misclassified. Second, because almost all our subjects were
Taiwanese, the external validity of the results should be a
concern. Therefore, the generalisability of our results to
other ethnic groups around the world requires further veri-
fication. Nevertheless, our findings may have vital clinical
implications for designing tuberculosis control strategies.
Because tuberculosis is still a common infectious disease
in the world,"” future tuberculosis control strategies should
particularly target the male population.

CONCLUSIONS

This retrospective cohort study from Taiwanese popula-
tion provides confirmation on the association between sex
and active tuberculosis. Our study showed that men had a
significantly higher risk of active tuberculosis than women,
after adjusting for age, socioeconomic status, smoking habit,
alcohol use and comorbidities. Since tuberculosis remains
a common infectious disease worldwide, our study suggests
that future tuberculosis control programmes should particu-
larly target the male population.
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