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Abstract
Pulmonary tuberculosis (PTb) and pneumonia are diseases that may exist concomitantly. Population study investigating the
subsequent pneumonia development in PTb patients is limited. This study compares the risk of pneumonia between cohorts with
and without PTb.
We used the claims data of the Taiwan National Health Insurance to identify a cohort with PTb (N=3417) newly diagnosed in

2000–2006 without pneumonia history, and a randomly selected comparison cohort (N=6834) free of PTb and pneumonia,
frequency matched by propensity score. Incidence rates and hazard ratios of pneumonia were calculated by sex, age, and
comorbidity starting in the 7th month after the cohorts being established until the end of 2011.
We found the incidence of pneumonia to be 1.9-fold higher in the PTb cohort than in the PTb free cohort (51.6 vs 27.0 per

1000 person-years). The PTb cohort had a Cox method estimated adjusted hazard ratio of 2.14 (95% confidence interval=
1.96–2.32). We also found that the risk was greater for men than for women, but lower for young adults aged 20–39 years.
Comorbidity interacted with PTb by aggravating the pneumonia risk, particularly for those with asthma. For PTb patients comorbid
with asthma, the pneumonia incidence was 2.5-fold higher than for PTb patients free of comorbidities (75.9 vs 29.3 per 1000 person-
years).
Our results display that PTb patients have an elevated risk of developing pneumonia. Adequate follow-up should be provided to the

PTb patients, especially those with comorbidity.

Abbreviations:aHR= adjusted hazard ratio, CI= confidence interval, CKD= chronic kidney disease, COPD= chronic obstructive
pulmonary disease, HR = hazard ratio, ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification,
Non-PTb = none pulmonary tuberculosis, PTb = pulmonary tuberculosis.
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Pneumonia is an infectious disease that inflames the alveoli in the
lung affecting the population worldwide, including developed
and developing countries.[1–7] Bacteria, virus, and fungi are the
most common pathogens of pneumonia, with bacteria and virus
as the most susceptible for development.[2–11] Approximately
4 million deaths annually are attributed to pneumonia
worldwide.[1,4] It is the second leading cause of hospitalization
even in the United States, with a fatality of 3.4 per 100 among
inpatients.[8,9] In Asian countries, community-acquired pneumo-
nia alone is associated with near 1 million death in adults.[10] The
incidence of all types of pneumonia has been estimated as high as
3.7 per 1000 annually in Taiwan.[11]

The risk of pneumonia is well known to be elevated in patients
with a chronic health condition. Chronic respiratory dis-
eases,[12,13] diabetes,[14] heart diseases,[15] chronic kidney
disease,[16] and other conditions that weaken the immune
system[17] have been reported as disorders of concern in
associating with pneumonia development.[18] An earlier study
from Finland[5] have reported that the more common comorbid
conditions among pneumonia patients were heart diseases, lung
diseases, immunosuppressive therapy, alcoholism, and occur-
rence of institutionalization.[15] Patients with lung diseases are
also at an increased risk of developing pneumonia. Among
chronic respiratory system diseases, asthma,[12] and chronic
obstructive pulmonary disease (COPD)[13,18] have attractedmore
attentions in association with developing pneumonia.
Tuberculosis (Tb) is the most widespread chronic infectious

disease and has been a major public health concern. Approxi-
mately 1.5 million world deaths (mainly in less developed areas)
in 2014 had been infected with various mycobacteria resulting in
Tb.[19] Approximately 90% of Tb cases may experience
pulmonary tuberculosis (PTb), mostly caused byMycobacterium
tuberculosis.[20,21] After the infection is cured, PTb patients may
remain at risk for other complications including impaired lung
function and residual anatomic changes.[22,23] These impair-
ments include bronchial, parenchymal, pleural, and chest wall
lesions. Bronchovascular distortion, fibrotic bands, emphysema-
tous changes, and bronchiectasis may still exist in patients after
PTb treatment,[23] leading patients to become more susceptible to
develop pneumonia. The incidence of PTb in Taiwan has declined
to 54.5 cases per 100,000, with an annual mortality of 3.6 per
100, making it remains as one of leading causes of deaths among
infectious diseases.[24] We attempted to evaluate the subsequent
risk of pneumonia for people with PTb.
Owing to the lack of population studies investigating the

occurrence of subsequent pneumonia for patients with PTb, we
therefore, used Taiwan’s insurance claims data to establish
cohorts with and without PTb to compare the incidences of
pneumonia between the 2 cohorts in a follow-up observation.
2. Methods and materials
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2.1. Data source

The Taiwan Health Insurance Bureau has authorized the Taiwan
National Health Research Institutes to manage the insurance
claim data for public use.We obtained from the Institutes a subset
data containing the registration and medical records of 1 million
insured persons randomly selected from the whole population of
approximately 23 million persons for the period of 1996–2011.
Personal baseline demographic status including sex, birth date,
occupation, income, and residential area are available in the
used surrogate numbers to substitute the identification numbers
of insured people for privacy protection to fulfill the principles of
the Declaration of Helsinki. The medical records including health
care services provided at health care institutions for inpatients
and outpatients were available in the database. Diseases
diagnosed were coded with the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
codes. Patients were identified for the disease with at least 2
diagnoses in the outpatient records or 1 diagnosis in the inpatient
records in 1 year. Because all personal identifications have been
replaced with surrogate numbers, no consent was required from
the study population for the present study.
From the insurance claims data, patients newly diagnosed with
PTb (ICD-9-CM 011) from 2000 to 2006 (N=3417) without the
history of pneumonia (ICD-9-CM 480–488) or other types
tuberculosis (ICD-9-CM 010, 012–018) were the PTb cohort
selected. After excluding patients with the history of pneumonia
and/or tuberculosis, or with a missing demographic information,
the rest of claims data were used to randomly select a 2-fold of
none PTb subjects as the comparison cohort, matched propensity
score of PTb cases. Baseline comorbidities were also identified for
both cohorts, including COPD (ICD 491, 492 and 496), asthma
(ICD 493), heart diseases (ICD 410–429), diabetes (ICD 250),
chronic liver disease and cirrhosis (ICD 571); depression or
anxiety (ICD 300 and 311), chronic kidney disease (CKD, ICD
585), and autoimmune diseases (ICD 710, 714), and malignant
neoplasm of trachea, bronchus and lung (ICD 162).
We first compared the distributions of sex, age, and specific
baseline comorbidities between the 2 cohorts. These were then
used to estimate the incident pneumonia for the cohorts. We then
began calculating the incident pneumonia cases and divided by
the follow-up time from the 7th month after the patient’s date of
selection and placement in the appropriate cohort group.
Calculations ceased once pneumonia was diagnosed, or if the
patient was censored due to death, if cancellation of insurance
policy occurred, or at the end of 2011.
The PTb cohort to none PTb cohort crude hazard ratio (HR)

and adjusted hazard ratio (aHR) of pneumonia were measured
(with 95% confidence interval [CI]), using univariate and
multivariable Cox proportional hazards regression analyses,
respectively. Using the Kaplan–Meier method, we estimated the
cumulative incidence proportions of pneumonia for the 2
cohorts, and used the log-rank test to examine the distribution
difference. Comorbidity may interact with PTb to affect the
pneumonia development. We also performed a series of analysis
to measure the interactions between PTb and comorbidities. The
related aHRs of pneumonia were then calculated using those
without any of these conditions as reference. In Discussion
section, we further created 2 supplement tables. One was to
compare deaths and insurance cancellations between PTb and
comparison cohorts. The other one was to perform case–control
analysis comparing sex and age differences, and frequency of PTb
diagnosis, between PTb patients with and without pneumonia.
We used SAS statistical software (version 9.3 Windows; SAS
Institute Inc, Cary, NC) for data analyses with a significance level
of 0.05.



3. Results comparison cohort. The cumulative incidences of pneumonia was

Table 1

Distributions of demographic characteristics and comorbidities in PTb cohort and propensity score-matched comparison cohort.

Tuberculosis (N=3417) Comparison (N=6834)

n % n % P

Age, y 0.047
<20 136 3.98 322 4.71
20–34 464 13.6 808 11.8
35–49 670 19.6 1313 19.2
50–64 748 21.9 1562 22.9
≥65 1399 40.9 2829 41.4
Mean (SD) 56.4 (20.1) 56.8 (20.0) 0.90

Sex 0.003
Women 1029 30.1 2254 33.0
Men 2388 69.9 4580 67.0

Comorbidity
COPD 1002 29.3 2003 29.3 0.99
Asthma 330 9.66 554 8.11 0.008
Diabetes 603 17.7 1247 18.3 0.46
Heart diseases 808 23.7 1628 23.8 0.84
CLD/cirrhosis 652 19.1 1334 19.5 0.60
Depression/anxiety 453 13.3 893 13.1 0.79
CKD 106 3.10 186 2.72 0.28
Autoimmune diseases 81 2.37 153 2.24 0.67
Lung cancer

∗
17 0.50 7 0.10 <0.0001

Propensity score, mean (SD) 0.04 (0.05) 0.04 (0.05) 0.97

CKD= chronic kidney disease, CLD= chronic liver diseases, COPD= chronic obstructive pulmonary disease, SD= standard deviation.
∗
Malignant neoplasm of trachea, bronchus and lung.
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Both the PTb cohort and comparison cohort had similar
distributions of age and propensity score, more so with men
and with the elderly (Table 1). The prevalence rates of most
comorbidities were also similar in both cohorts, except that
asthma was more prevalent in PTb cohort than in none PTb
Figure 1. Kaplan–Meier method estimated cumulative incidence of pneumo-
nia for tuberculosis and comparison cohorts. Dotted line: TB cohort; Solid line:
Comparison cohort.
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16% greater in the PTb cohort than in the comparison cohort by
the end of follow-up (P<0.0001) (Fig. 1).
Overall, the incidence of pneumonia was 1.9-fold higher in

the PTb cohort than in the comparison cohort (51.6 vs 27.0 per
1000 person-years), with an aHR of 2.14 (95% CI, 1.96–2.32)
(Table 2). Incidences in both cohorts increased with age, being
higher in males than in females. Comorbidities also increased the
incidence rates of pneumonia in both cohorts, having a greater
impact in the rate increase in the PTb cohort than in comparison
cohort, particularly for PTb patients with asthma. The age-
specific PTb cohort to comparison cohort relative hazard was
lower in young adults aged 20–34 years and the elderly, but the
highest in those aged 35–49 years. The sex-specific PTb cohort to
comparison cohort relative hazard of pneumonia was greater
in males than in females. The aHR was also found to be greater
in the cohorts without comorbidity than the cohorts with a
comorbidity.
Table 3 shows the pneumonia risk associated with PTb,

individual comorbidity, and with PTb joined by 1 comorbidity or
multiple comorbidities. COPD, heart diseases, or CKD alone
exhibited a stronger relationship leading to pneumonia than PTb.
The incidence of pneumonia in PTb patients increased as the
number of comorbidity increased. Incidence was found to be
2.6-fold higher for PTb patients with the comorbidity of asthma
than PTb patients free of comorbidities (75.9 vs 29.3 per 1000
person-years), with an aHR of 6.37 (95% CI=3.96–10.2)
comparing with subjects free of PTb and comorbidities.
4. Discussion
In the association between infectious and noninfectious chronic
disorders, it is more common for patients with a variety of
respiratory disorders to develop pneumonia.[2,3,12,13] Our study
used the retrospective cohort study instead of cross-sectional
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study to evaluate the subsequent risk of pneumonia for patients demonstrate a strong relationship between PTb and pneumonia,

Table 2

Incidences of pneumonia and multivariable Cox proportional hazards regression analysis estimated tuberculosis cohort to comparison
cohort hazard ratios by sex, age, and comorbidity.

Tuberculosis (N=3417) Comparison (N=6834) HR (95% CI)

Event no. Rate Event no. Rate Crude Adjusted

All 955 51.6 1305 27.0 1.89 (1.74–2.05) 2.14 (1.96–2.32)
Age, y

∗

<20 34 35.2 36 13.0 2.58 (1.61–4.12) 2.33 (1.44–3.78)
20�34 59 17.0 50 7.64 2.20 (1.51–3.21) 1.99 (1.36–2.93)
35�49 128 27.6 82 7.55 3.62 (2.74–4.78) 3.53 (2.67–4.67)
50�64 204 46.6 232 19.9 2.31 (1.91–2.79) 2.32 (1.92–2.80)
≥65 530 104.4 905 55.1 1.90 (1.70–2.11) 1.97 (1.68–2.08)

Sex
∗

Women 230 36.1 406 25.0 1.44 (1.22–1.69) 1.76 (1.49–2.08)
Men 725 59.7 899 28.1 2.10 (1.90–2.32) 2.28 (2.07–2.52)

Comorbidity
With any one
No 246 29.3 333 13.9 2.09 (1.78–2.47) 2.33 (2.00–2.79)
Yes 709 70.0 972 40.1 1.74 (1.58–1.91) 2.03 (1.84–2.24)

COPD
∗

No 559 40.0 668 18.3 2.17 (1.94–2.43) 2.41 (2.15–2.70)
Yes 396 87.1 637 54.3 1.60 (1.41–1.82) 1.84 (1.62–2.09)

Asthma
No 808 47.2 1120 24.8 1.89 (1.73–2.07) 2.13 (1.95–2.34)
Yes 147 104.3 185 59.9 1.73 (1.40–2.15) 2.11 (1.69–2.64)

Diabetes
No 762 47.7 972 23.9 1.97 (1.79–2.17) 2.17 (1.97–2.39)
Yes 193 75.6 333 43.4 1.73 (1.45–2.07) 2.07 (1.73–2.49)

Heart diseases
∗

No 658 43.6 790 20.3 2.12 (1.91–2.35) 2.32 (2.09–2.58)
Yes 297 86.1 515 55.2 1.57 (1.36–1.81) 1.83 (1.59–2.12)

CLD/cirrhosis
No 748 49.5 1011 25.63 1.91 (1.74–2.10) 2.14 (1.94–2.35)
Yes 207 60.5 294 33.2 1.81 (1.52–2.17) 2.10 (1.76–2.52)

Depression/anxiety
No 789 48.7 1081 25.4 1.90 (1.73–2.08) 2.14 (1.95–2.35)
Yes 166 71.6 224 39.5 1.82 (1.49–2.22) 2.09 (1.70–2.56)

CKD
No 922 50.7 1247 26.3 1.91 (1.75–2.08) 2.14 (1.96–2.33)
Yes 33 99.4 58 64.5 1.54 (0.99–2.36) 2.17 (1.36–3.46)

Autoimmune diseases
No 927 51.1 1266 26.7 1.89 (1.74–2.06) 2.14 (1.97–2.33)
Yes 28 71.3 39 41.2 1.70 (1.04–2.76) 1.91 (1.16–3.13)

Lung cancer†

No 951 51.4 1302 27.0 1.89 (1.73–2.05) 2.14 (1.96–2.32)
Yes 4 120.8 3 136.4 1.06 (0.23–4.84) 3.33 (0.09–129)

Rate, per 1000 person-years.
CI= confidence interval, CKD= chronic kidney disease, CLD= chronic liver diseases, COPD=chronic obstructive pulmonary disease, HR=hazard ratio.
∗
Interaction P < 0.05 in model. Model: adjusted for age, sex, and all comorbidities.

†Malignant neoplasm of trachea, bronchus and lung.
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with PTb. Previous studies have shown pneumonia can also exist
concomitantly with PTb patients and vice versa.[17,25–28] A recent
study using medical records from 6 medical centers revealed a
strong evidence of the concomitant occurrence of PTb in patients
with pneumonia.[26] The risk of PTb is stronger for hospitalized
health care-associated pneumonia than for community-acquired
pneumonia, as well as for patients with amore severe pneumonia.
A Korean study using hospital medical records showed that
among 90 PTb patients on mechanical ventilation for acute
respiratory failure, 66 cases had tuberculous pneumonia and 24
cases had miliary TB.[29] The study reflects that PTb patients with
acute respiratory failure are more likely to become complicated
with the development of pneumonia. These clinical data studies
4

with Tb patients having a higher risk of developing pneumonia.
Another study using medical records of 2016 tuberculosis
patients at medical centers, Lin et al[30] found pneumonia the
most common predictor (39.5%) among 43 cases of tuberculosis-
related mortality.
In the present follow-up study, the population data confirms

that patients with PTb are associated with a near 2-fold increase
for subsequent incident pneumonia. With respect in comparing
individual comorbidity, our findings showed the incidence of
pneumonia for patients with PTb alone was less than that for
patients with COPD, heart diseases, or CKD alone. But, the aHR
of pneumonia associated with patients with PTb was 2.39 (95%
CI=2.03–2.82), which was higher than that for patients with



another type of disease. Our data also showed that the presence pneumonia risk increased with the frequency of tuberculosis

Table 3

Incidences and hazard ratios of pneumonia associating with PTb and comorbidities.

N Event no. Rate aHR (95% CI)

None 3008 333 13.9 1.00
Only PTb 1319 246 29.3 2.39 (2.03–2.82)
Only COPD 425 110 39.4 1.65 (1.33–2.05)
Only asthma 54 9 22.4 1.29 (0.67–2.51)
Only diabetes 273 54 28.9 1.26 (0.94–1.68)
Only heart diseases 238 54 36.4 1.35 (1.01–1.80)
Only CLD/cirrhosis 327 27 10.7 0.70 (0.47–1.04)
Only Depression/anxiety 117 20 22.8 1.19 (0.75–1.86)
Only CKD 17 4 37.9 1.33 (0.50–3.57)
Only autoimmune diseases 31 4 17.5 0.85 (0.32–2.27)
PTb and only COPD 301 95 58.4 2.83 (2.25–3.56)
PTb and only asthma 46 18 75.9 6.37 (3.96–10.2)
PTb and only diabetes 165 53 70.4 3.56 (2.66–4.75)
PTb and only heart diseases 130 38 58.8 2.57 (1.83–3.60)
PTb and only CLD/cirrhosis 197 46 38.8 2.91 (2.14–3.96)
PTb and only Depression/anxiety 76 19 39.2 2.53 (1.59–4.01)
PTb and only CKD 14 2 38.1 1.84 (0.46–7.38)
PTb and only Autoimmune diseases 16 4 38.5 2.18 (0.81–5.83)
PTb and any 2 comorbidities 613 212 75.9 3.21 (2.70–3.83)
PTb and any 3 comorbidities 347 142 97.5 3.85 (3.16–4.70)
PTb and any 4 comorbidities 148 60 97.0 3.74 (2.83–4.93)
PTb and any ≥5 comorbidities 45 20 114.7 4.07 (2.59–6.40)
Other 2344 690 49.4 1.84 (1.61–2.11)

Rate, per 1000 person-years.
aHR= age- and sex-adjusted hazard ratio, CI= confidence interval, CKD= chronic kidney disease, CLD= chronic liver diseases, COPD= chronic obstructive pulmonary disease, PTb=pulmonary tuberculosis.
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of comorbidities increase the incident pneumonia in both cohorts,
with a greater increase in the PTb cohort. The greatest increase is
associated with asthma, with an excess incidence of 104.3 per
1000 person-years in the PTb cohort (Table 2). These data imply
that there is an additional greater risk of pneumonia due to
asthma for PTb patients. McKeever et al[12] assessed the risk of
respiratory health for asthma patients and found those on inhaled
corticosteroids had a 2-fold increased risk of pneumonia.
The excess incidence rates of pneumonia associated with

COPD and heart diseases are lower than the rate associated with
asthma. However, COPD and heart diseases are more prevalent
than asthma in this study, and could have greater population
attributable risks than asthma have for the development of
pneumonia. In a recent retrospective study, Lee et al [31] found
that PTb patients had a near 2-fold elevated risk to develop
COPD. In ameta-analysis study, Torres et al[18] found the HRs of
contracting pneumonia associated with chronic respiratory
diseases based on cohort studies was 2.9, or 1.0–1.9 in
association with diabetes, and 1.5–3.9 in association with
chronic heart diseases. These hazards of pneumonia in relation to
comorbidities are consistent with our findings.
We conducted additional data analyses and found the

mortality was near 2.6-fold greater in the PTb patients than in
comparisons (25.2 vs 9.61 per 100) with a slightly lower
insurance cancellation (16.0 vs 16.5 per 100) (Supplement
table 1, http://links.lww.com/MD/B72). We further performed a
case–control analysis within the PTb patients to compare
characteristics between pneumonia cases and those without
pneumonia developed (Supplement table 2, http://links.lww.com/
MD/B72). There was a u-shape relationship between PTb and
pneumonia development among age groups, pneumonia cases
were younger or older and men were at higher risk. The
5

cares.
This study encountered limitations on available data in our

research. Among the limitations, laboratory tests were unavail-
able to detect the etiological pathogens for pneumonia cases.
However, the claims for pneumonia in the insurance system
require the diagnosis confirmed by chest radiographic manifes-
tations or with the growth of microorganisms from cultures of
respiratory specimens or clinical improvement after antibiotic
therapy. Physicians are also obligated to report the Tb diagnosis
to the Taiwan Centers for Disease Control. Tuberculosis
treatment is required to follow the World Health Organization
guidelines.[32] Second, the lifestyle information was also
unavailable from the claims data. Smoking habits, for example,
were unavailable and have been found as a risk factor associated
with the development of pneumonia.[2] However, the smoking
rate might be much lower in PTb patients than in comparisons. In
Taiwan, less than 5% of women smoke. Third, the risk of
developing pneumonia may increase with the severity of PTb.
However, patients with severe PTb may have shorter follow-up
time because they are censored from premature death. The
competing risk associated with death in patients with severe PTb
could underestimate the pneumonia risk. Fourth, we calculated
the incident pneumonia cases from the 7th month after the date
the patient selected to avoid the immortal time bias. Some
incident pneumonia cases before the 7th month could be
excluded. Delayed diagnosis of Tb and early pneumonia
occurrence caused by Tb might be possible.
To the best of our knowledge, there is a lack of literature on the

temporal relationship between PTb and pneumonia risk based on
population data. In conclusion, this study has confirmed our
hypothesis that PTb patients have a near 2-fold elevated risk of
developing pneumonia. The elderly and younger patients are at

http://links.lww.com/MD/B72
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higher risk. PTb patients need to be closely monitored to prevent [15] Koivula I, StenM,Makela PH. Risk factors for pneumonia in the elderly.
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the development of pneumonia and to prevent deaths from this
complication, especially for those that have a comorbidity.
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