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Chronic kidney disease correlates with increased
risk of pulmonary tuberculosis before initiating
renal replacement therapy

A cohort study in Taiwan
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Abstract N
This study aimed to assess the association between chronic kidney disease (CKD) and the risk of pulmonary tuberculosis (TB) before |
initiating renal replacement therapy (RRT) in Taiwan.

Total 16,052 subjects newly diagnosed with CKD between 2000 and 2012 were included in the CKD group, and 31,949 randomly
selected subjects who did not have CKD formed the non-CKD group. Subjects with a history of pulmonary TB or RRT, including
dialysis and renal transplantation, before the index date were excluded. We determined the incidence of pulmonary TB at the end of
2013. A multivariable Cox proportional hazards regression model was used to assess the hazard ratio (HR) and 95% confidence
interval (Cl) for the risk of developing pulmonary TB associated with CKD.

The overall incidence of pulmonary TB was 1.47-fold greater in the CKD group compared to that in the non-CKD group (4.94 vs
3.35 per 1000 person-years, 95% Cl 1.39, 1.56). Multivariable Cox proportional hazards regression analysis showed that the
adjusted HR of pulmonary TB was 1.45-fold higher in the CKD group (95% CI 1.27, 1.64) than in the non-CKD group. Male sex
(adjusted HR 2.04), age (increase per one year, adjusted HR 1.05), chronic obstructive pulmonary disease (adjusted HR 1.54), and
diabetes mellitus (adjusted HR 1.34) were also associated with pulmonary TB.

CKD is associated with an increased risk of developing pulmonary TB before the initiation of RRT.

Abbreviations: CKD = chronic kidney disease, COPD = chronic obstructive pulmonary disease, DM = diabetes mellitus, ESRD =
end-stage renal disease, HIV = human immunodeficiency virus, ICD-9 code = International Classification of Diseases, 9th Revision,
Clinical Modification, TB = tuberculosis, RR = relative risk, RRT = renal replacement therapy, WHO = World Health Organization.

Keywords: chronic kidney disease, cohort study, epidemiology, pulmonary tuberculosis, renal replacement therapy

Editor: Yan Li.

This study was supported in part by the Ministry of Health and Welfare, Taiwan
(MOHW107-TDU-B-212-123004), China Medical University Hospital, Taiwan
(DMR-107-192), Academia Sinica Taiwan Biobank Stroke Biosignature Project
(BM10701010021), MOST Clinical Trial Consortium for Stroke (MOST 106-2321-
B-039-005-003), Tseng-Lien Lin Foundation at Taichung in Taiwan, and Katsuzo
and Kiyo Aoshima Memorial Funds in Japan. These funding agencies did not
influence the study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

The authors have no confiicts of interest to disclose.

2College of Medicine, China Medical University, ® Department of Family Medicine,
China Medical University Hospital, © Department of Food and Nutrition,
Providence University, 9 Division of Hepatogastroenterology, Department of
Internal Medicine, Taichung Tzu Chi General Hospital, Taichung, © College of
Medicine, Tzu Chi University, Hualien, 'Management Office for Health Data, China
Medical University Hospital, Taichung, Taiwan.

’ Correspondence: Shih-Wei Lai, Department of Family Medicine, China Medical
University Hospital, No. 2, Yuh-Der Road, Taichung City, 404, Taiwan

(e-mail: wei@mail.cmuh.org.tw).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

Mediicine (2018) 97:39(e12550)

Received: 5 June 2018 / Accepted: 3 September 2018

http://dx.doi.org/10.1097/MD.0000000000012550

1. Introduction

The worldwide incidence of end-stage renal disease (ESRD) has
remained relatively high for several decades, particularly in
Taiwan.'"™ Thus, more than 2 million ESRD patients
worldwide required dialysis or transplantation in 2010."!
Patients with diabetes mellitus (DM), hypertension, and chronic
kidney disease (CKD) are at a high risk of developing ESRD,!
and this trend is also observed in Taiwan.'®! Thus, it is crucial to
perform early detection and prevention of CKD before the
development of ESRD, a condition that poses a considerable
global health care burden.

CKD is a significant global health issue, with an estimated
worldwide prevalence of 8% to 16%.1"8 Tuberculosis (TB) is
responsible for >1.7 million annual deaths worldwide as per the
most recent World Health Organization (WHO) report.’! It is
also related to conditions that increase the risk of active TB,
including human immunodeficiency virus (HIV) infection and
DM."®! The association of CKD with altered cellular immunity,
including malnutrition, hypoalbuminemia, uremia, and immu-
nosuppression status, has been established.''®! The prevalence of
DM, the most common risk factor for the progression to active
TB, including pulmonary TB, is rapidly increasing in the
world."™! Individuals with concurrent HIV infection and
abnormal kidney function are at a >30-fold higher risk of
pulmonary TB.!%!
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Many studies have summarized and confirmed a 6.9- to 52.5-
fold higher risk of TB in patients with CKD, particularly in those
undergoing dialysis, than in the general population.! However,
the exact relationship between CKD and pulmonary TB remains
unclear, and few studies have reported on the high prevalence of
TB among patients with CKD before dialysis, especially in
Taiwan. We aimed to bridge this research gap by conducting a
population-based cohort study using the claims data from the
National Health Insurance database in Taiwan to explore the
association between older Taiwanese patients with CKD who are
yet to undergo dialysis and pulmonary TB, the influence of other
comorbidities on the risk of pulmonary TB, and the difference in
the risk of pulmonary TB in patients with only CKD and in those
with CKD and other comorbidities.

2. Methods

2.1. Design and data source

Taiwan is a sovereign and independent country with more than 23
million residents. This population-based cohort study used the
database of the Taiwan National Health Insurance Program. This
insurance program began on March 1, 1993, and it has covered
approximately 99% of the 23 million residents living in Taiwan.!'*
81 The details of the program have been well reported in previous
studies.'"”! This study was approved by the Ethics Review Board
of China Medical University in Taiwan (CMUH-104-REC2-115).

2.2. Participants

We selected subjects aged 20 to 84 years with newly diagnosed
CKD from 2000 to 2012 as the CKD group [the International
Classification of Diseases (ICD) 9th Revision, ICD-9 codes 585-
586]. To increase statistical power, for each subject with CKD, 2
subjects without CKD were randomly selected as the non-CKD
group. The index date was defined as the date of diagnosis of CKD.
Both CKD and non-CKD groups were matched for sex, age (every
5-year interval), and comorbidities. Subjects who had a history of
pulmonary TB or who currently received renal replacement
therapy (RRT), including dialysis and renal transplantation before
the index date, were excluded from the study.

2.3. Comorbidities

Comorbidities that could be potentially related to pulmonary TB
were included as follows: alcohol-related diseases, asbestosis,
chronic obstructive pulmonary disease (COPD), DM, HIV
infection, gastrectomy, pneumoconiosis, and splenectomy, as
well as chronic liver diseases including cirrhosis, hepatitis B
infection, hepatitis C infection, and other chronic hepatitis. All
comorbidities were diagnosed with ICD-9 codes. The accuracy of
ICD-9 codes has been examined in previous studies.?>2¢!

2.4. Major outcome

The major outcome was a new diagnosis of pulmonary TB (ICD-
9 codes 010,011, 012, and 018) during the follow-up period. All
study subjects were followed until they were diagnosed with
pulmonary TB or to the end of 2013.

2.5. Statistical analysis

The distributions of sex, age, and comorbidities were compared
between the CKD and non-CKD groups using the Chi-square test
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for categorized variables and the #-test for continuous variables.
The incidence of pulmonary TB was estimated as the event
number of pulmonary TB identified during the follow-up period,
divided by the total follow-up person-years for each group.
Initially, all variables were included in the univariable model.
Next, variables found to be significant in the univariable model
were further included in the multivariable model. The multivari-
able Cox proportional hazards regression model was used to
estimate the hazard ratio (HR) and 95% confidence interval (CI)
for the risk of pulmonary TB associated with CKD and other
comorbidities. All analyzes were performed by using SAS
software version 9.2 (SAS Institute Inc, Cary, NC).

3. Results

3.1. Baseline characteristics of the study population

Table 1 discloses the baseline characteristics of the study
population. There were 16,052 subjects in the CKD group and
31,949 subjects in the non-CKD group, with a similar sex
distribution. The mean ages (standard deviation) of the study
subjects were 64.4+13.1 years for the CKD group and 63.8 +
13.1 years for the non-CKD group. The CKD group had higher
proportions of gastrectomy and splenectomy than the non-CKD
group (chi-square test, P=.02 and P=.01, respectively).

3.2. Incidence of pulmonary tuberculosis of the study
population stratified by sex and age

Table 2 discloses that the overall incidence of pulmonary TB was
1.47-fold greater in the CKD group than in the non-CKD group
(4.94 vs 3.35 per 1000 person-years, 95% CI 1.39, 1.56). The
incidences of pulmonary TB, stratified by sex and age, were all
higher in the CKD group than those in the non-CKD group. The
CKD group aged 65 to 84 years had the highest incidence of
pulmonary TB (7.1 per 1000 person-years).

Figure 1 discloses that the Kaplan-Meier cumulative incidence
of pulmonary TB was higher in the CKD group than the non-
CKD group (4.72% vs 3.79% at the end of follow-up; P <.001).

3.3. Pulmonary tuberculosis associated with chronic
kidney disease and other comorbidities

Table 3 discloses the risk of pulmonary TB associated with CKD
and other comorbidities. Variables found to be significant in the
univariable model were further included in the multivariable
model. After adjustment for covariables, the multivariable Cox
proportional hazards regression analysis disclosed that the
adjusted HR of pulmonary TB was 1.45 for the CKD group
(95% CI 1.27, 1.64), compared with the non-CKD group. Male
(adjusted HR 2.04, 95% CI 1.78, 2.34), age (increase per one
year, adjusted HR 1.05, 95% CI 1.04, 1.05), COPD (adjusted
HR 1.54,95% CI 1.36,1.75), and DM (adjusted HR 1.34, 95%
CI 1.18, 1.52) were other factors that could be related to
pulmonary TB.

3.4. Risk of pulmonary tuberculosis stratified by chronic
kidney disease and comorbidities

Table 4 discloses the risk of pulmonary TB stratified by CKD and
comorbidities. To reduce the potential confounding effects of
comorbidities studied, as a reference for subjects without CKD
and without comorbidities, the adjusted HR for pulmonary TB
was 1.80 for subjects with CKD alone and without comorbidities
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Baseline characteristics between chronic kidney disease group and non-chronic kidney disease group.

Nonchronic kidney disease N=231,949 Chronic kidney disease N=16,052
Variable n % n % P
Sex .98
Female 13247 415 6654 415
Male 18702 58.5 9398 58.6
Age group, y .99
20-39 4710 14.7 2361 147
40-64 9741 30.5 4888 30.5
65-84 17498 54.8 8803 54.8
Age, y, mean (standard deviation) 63.8 1341 64.4 1341 .001
Follow-up period, y, mean (standard deviation)® 5.96 3.84 4.92 3.72 <.001
Baseline comorbidities
Alcohol-related diseases 1993 6.24 1030 6.42 45
Asbestosis 8 0.03 10 0.06 .05
Chronic liver diseases 7597 23.8 3839 239 74
Chronic obstructive pulmonary disease 9484 29.7 4790 29.8 72
Diabetes mellitus 10672 334 5389 33.6 71
Human immunodeficiency virus infection 1 0.00 3 0.02 .08
Gastrectomy 86 0.27 63 0.39 .02
Pneumoconiosis 230 0.72 135 0.84 15
Splenectomy 16 0.05 19 0.12 .01

Data are presented as the number of subjects in each group with percentages given in parentheses, or mean with standard deviation given in parentheses.

) Chi-square test.
" ttest comparing subjects with and without chronic kidney disease.

(95% CI 1.45,2.23). This finding indicates that not requiring the
presence of comorbidities, CKD may have a unique role in the
risk of pulmonary TB. In addition, the adjusted HR would
increase to 2.54 for subjects with CKD and comorbid with
comorbidities (95% CI 2.10, 3.08). There seems to be a
synergistic effect of CKD and comorbidities on the risk of
pulmonary TB.

4. Discussion

We found that the overall incidence of pulmonary TB was 1.47-
fold higher in the CKD group compared to that in the non-CKD
group. This result is in agreement with previous reports; the
incidence of TB in the CKD population is higher than that in the
general population in China,*”! showing a relative risk (RR) of
31.4. Two other retrospective studies in Jeddah revealed the same
conditions in 1999 and 2000,*%*°! with emphasis on patients
with chronic renal failure who have not yet undergone dialysis. In

contrast, >50 articles were reviewed by Milburn et al"*3°! and
Hussein et al'*?! that discussed the high incidence rate of TB in
dialysis and post renal transplant patients.

The reasons for the high incidence of pulmonary TB in
advanced patients with CKD involve their acquired immunode-
ficiency status resulting from abnormal functioning of the T cells,
B cells, neutrophils, monocytes, and natural killer cells.?%3! A
2012 study not only explored the associations between T-cell-
mediated immune response and TB, but also determined the
superior method that clinical physicians can use to distinguish
active TB from latent infection. Moreover, vitamin D deficiency
impairs monocyte function, reducing the production of cath-
elicidin, a peptide that is capable of destroying Mycobacterium
TBB%32 and is commonly observed in stage 3 to 5 CKD.
According to the guidelines of the National Institute for Health
and Clinical Excellence (United Kingdom), the RR of developing
TB is 10 to 25 in patients with CKD.!3! Patients with CKD who
are yet to undergo dialysis and those on RRT, including dialysis

Incidence of pulmonary tuberculosis estimated by sex and age between chronic kidney disease group and nonchronic kidney disease

group.
Nonchronic kidney disease Chronic kidney disease
Variable N Event Person-years Incidence’ N Event Person-years Incidence” IRR" (95% Cl)
Al 314,949 638 190,441 3.35 16,052 390 79,008 4.94 1.47 (1.39, 1.56)
Sex
Female 13,247 170 83,006 2.05 6654 110 33,556 3.28 1.60 (1.46, 1.75)
Male 18,702 468 107,435 4.36 9398 280 45,452 6.16 1.41 (1.31,1.52)
Age group (years)
20-39 4710 35 34,467 1.02 2361 30 15,185 1.98 1.95 (1.66, 2.28)
40-64 9741 103 60,870 1.69 4888 90 25,792 3.49 2.06 (1.85, 2.29)
65-84 17,498 500 95,104 5.26 8803 270 38,032 7.10 1.35 (1.25, 1.46)

Cl=confidence interval.
Incidence: per 1000 person-years.

IR (incidence rate ratio): chronic kidney disease vs nonchronic kidney disease (95% confidence interval).

3
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Figure 1. Cumulative incidence of pulmonary tuberculosis for subjects with
chronic kidney disease and without chronic kidney disease (4.72% vs 3.79% at
the end of follow-up; P <.001).

Cox model measured hazard ratio and 95% confidence interval of
pulmonary tuberculosis associated with chronic kidney disease
and comorbidities.

Variable

Crude
HR (95% Cl)

Adjusted”
HR (95% Cl)

Sex (male vs female)

Age (per one year)

Chronic kidney disease

Baseline comorbidities (yes vs no)

Alcohol-related diseases

Asbestosis’

Chronic liver diseases

Chronic obstructive pulmonary disease

Diabetes mellitus

Human immunodeficiency virus infection

2.02 (1.76, 2.31)
1.05 (1.04, 1.06)
1.45 (1.28, 1.64)

1.21 (0.93, 1.57)
0.81 (0.69, 0.95)
212 (1.87, 2.40)
1.28 (113, 1.46)

2.04 (1.78, 2.34)
1.05 (1.04, 1.05)
1.45 (1.27, 1.64)

1.54 (1.36,1 .75)
1.34 (118, 1.52)

Gastrectomy 1.74 (0.65, 4.65) -
Pneumoconiosis 1.83 (1.08, 3.09)  1.19 (0.70, 2.03)
Splenectomy” - -

Cl=confidence interval, HR=hazard ratio.

Bold values signifies the importance of the relationship of chronic renal failure.

“Variable found to be significant in the univariable analysis were further examined in the multivariable
analysis. Adjusted for sex, age, chronic obstructive pulmonary disease, diabetes mellitus, and
pneumoconiosis.

"There was no event of pulmonary tuberculosis among Subjects with asbestosis, human
immunodeficiency virus infection, or splenectomy.
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and renal transplants, may be at a higher risk of developing
pulmonary TB than those with ESRD.

Moreover, as per a study, the number of patients in the earlier
stages of renal disease (stages 1-4) are likely to exceed by as much
as 50 times those reaching ESRD (stage 5)*%; therefore, the
potential global health burden along the entire spectrum of CKD
is considerably underestimated. The diagnosis of pulmonary TB
is usually delayed in populations with renal disease, especially in
earlier CKD stages because of atypical and nonspecific clinical
manifestations. Thus, more attention should be paid to the risk of
pulmonary TB in patients with CKD, particularly those who were
not in ESRD and before dialysis.

It is noteworthy that patients aged 65 to 84 years in the CKD
group had the highest incidence of pulmonary TB (7.1 per 1000
person-years) in the cohort. The elder patients with CKD were
infected with pulmonary TB more easily than the younger
patients, indicating the strong influence of age in CKD. This
phenomenon revealed that the elderly were immunocompro-
mised, and therefore, more susceptible to TB infection. Clinical
physicians should be alert and attempt to prevent pulmonary TB
infection in older or hospitalized CKD.!'?-3%

In the present study, we also found that the risk of pulmonary TB
was associated with CKD and other comorbidities. It is well known
that immunity is compromised with age; therefore, older patients
with CKD are at a higher risk of pulmonary TB. Men are affected
more frequently than women, with a male/female ratio of 1.9+ 0.6
for the worldwide case notification ratel*®); this result was in
agreement with our findings. Smoking, alcohol consumption, drug
use, and air pollution may be attributable for this condition.>¢3”!

COPD is also a major public health problem. It is the fourth
leading cause of chronic morbidity and mortality in the United
States and is estimated to rank fifth in 2020 in the list of global
burden of disease as per a study by the World Bank/WHO.!3*!
COPD poses a similar health burden in China, the most
populated country in the world.??! Several studies have
examined pulmonary TB and COPD individually, whereas few
have discussed the associations between them. Furthermore, most
articles have focused on the Western countries and were
conducted approximately 40 to 50 years previously,*>*!! were
not representative, and did not match the current trends in the
diagnosis and management of TB and COPD.

A nationwide survey on 13,826 adults in South Africa
suggested that the strongest predictor of COPD was a history
of pulmonary TB.*?! In a large population-based study
conducted in § Latin American cities, the prevalence of COPD
was 30.7% in patients with a history of pulmonary TB compared
with 13.9% in those without such a history.!*3! The 2 large-scale
studies revealed results to our findings and likely meet current
management demands; however, they did not focus on patients
from the Eastern countries. Thus, owing to the above-mentioned

Risk of pulmonary tuberculosis stratified by chronic kidney disease and comorbidities.

Variable Event Person-years Incidence” Adjusted HR" (95% CI)
Nonchronic kidney disease No comorbidities* 190 96,208 1.97 1 (Reference)
Nonchronic kidney disease Any comorbidity* 448 94,233 4.75 1.95 (1.65, 2.32)
Chronic kidney disease No comorbidities* 146 40,946 3.57 1.80 (1.45, 2.23)
Chronic kidney disease Any comorbidity* 244 38,061 6.41 2.54 (2.10, 3.08)

Cl=confidence interval, HR=hazard ratio.
Incidence rate: per 1000 person-years.
T Adjusted for sex and age.

* Comorbidities including chronic obstructive pulmonary disease, diabetes mellitus, and pneumoconiosis.
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reasons and due to the cumulative global healthcare burden,
further investigations should be carried out in the future.

The final comorbidity, DM, showed a greater risk of
pulmonary TB in patients with CKD compared to that in those
without CKD. Thus is attributable to the fact that in DM patients,
kidney function deteriorates with time. The natural course of DM
leads to a higher infection rate of pulmonary TB in CKD
populations than in those without CKD. Few studies conducted
in Russia and other countries support this theory."**! Further
studies on the mechanism and other aspects of DM management
in TB patients are necessary worldwide.

Of all baseline characteristics in our study, similar distributions
of sex and age were observed between the CKD and non-CKD
groups. The CKD group had higher proportions of gastrectomy
and splenectomy compared to the non-CKD group. However,
few studies have reported that patients who underwent
gastrectomy or splenectomy had an increased risk of pulmonary
TB.*>=*8] Furthermore, 1 study was noted in Taiwan.*8! The
above results indicate that physicians should be alert about the
association of CKD and pulmonary TB in patients who have
undergone gastrectomy and splenectomy.

Based on the results of the present study, the adjusted HR of
pulmonary TB was 1.80 for patients with CKD without
comorbidities (95% CI 1.45, 2.23). Thus, CKD may play an
independent role in the risk of pulmonary TB before the
appearance of comorbidities. Local clinicians, especially neurol-
ogists, must focus on the prevention of pulmonary TB infection in
patients with CKD who have yet to undergo dialysis or in the
ESRD stage. After considering other comorbidities, the adjusted
HR increased to 2.54 (95% CI 2.10, 3.08) for subjects with the
CKD and at least one of the other factors that we considered. The
synergistic effect of CKD and comorbidities on the risk of
pulmonary TB may be an indication for all healthcare
professionals. We should pay more attention to lowering the
infection rate of pulmonary TB in patients with CKD not only in
Taiwan, but also worldwide, before they develop ESRD.

5. Limitations

The insurance claims data did not provide the serum creatinine level
and microalbuminuria, and we were unable to evaluate the risk of
pulmonary TB based on the kidney function. Early-stage patients
with CKD might not have been included in the study by physicians’
coding alone. Alternatively, more accurate tools, such as chest
radiography and sputum culture are necessary for establishing a
definite diagnosis of pulmonary TB. Thus, the actual incidence of
pulmonary TBin patients with CKD may have been underestimated
or overestimated. Second, the diagnoses of CKD and pulmonary TB
require long-term observation because the clinical manifestation of
the symptoms occurs late. Thus, the shorter observation period of
our study may have been insufficient to estimate the risk of
pulmonary TB compared with the substantially longer observation
periods for natural history in clinics or hospitals. The associated
variable measures may thus have been underestimated. In addition,
this study included the baseline comorbidity information that was
collected before establishing the study cohorts. Comorbidities that
develop during the follow-up period may vary, and this may have
influenced the estimated pulmonary TB risk.

6. Conclusions

We evaluated the risk of pulmonary TB in association with CKD
and several medical conditions in the Taiwanese population using
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representative population-based data. We demonstrated that
patients with CKD had a significantly higher risk of pulmonary
TB than those without CKD. Other comorbidities may interact
with CKD and exert a synergistic effect on the risk of pulmonary
TB. CKD and pulmonary TB are common disorders; therefore,
they have been studied in several countries in recent decades.
Further studies on patients with CKD are warranted, not only for
the prevention of ESRD, but also for decreasing the probability of
developing infected pulmonary TB before ESRD. The under-
standing of comorbidities may yield important preventive and
detective methods for reducing the infection rate of pulmonary
TB. We believe that our findings will enable earlier intervention
and protection from pulmonary TB in patients with CKD and
should also be used worldwide.
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