
https://doi.org/10.1177/20406223211015959 
https://doi.org/10.1177/20406223211015959

Therapeutic Advances in Chronic Disease

journals.sagepub.com/home/taj 1

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Ther Adv Chronic Dis

2021, Vol. 12: 1–13

DOI: 10.1177/ 
20406223211015959

© The Author(s), 2021.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

Introduction
The world is now facing an aging-related health 
burden. In 2010, about 8% of the world’s popula-
tion was 65 years or older, and this number is 
expected to reach 16% of the world’s population by 
2050.1 Accordingly, almost all countries in the 
world are facing or will likely soon face a dramatic 
increase in their proportion of older adults with ill-
ness. Although noncommunicable diseases are a 
major disease burden among the 60-years-and-over 

population, the disease burden associated with 
infectious diseases in this sub-population cannot be 
dismissed; older people tend to have one or more 
chronic diseases and are therefore vulnerable to 
infectious diseases.2

Tuberculosis (TB) remains a deadly communicable 
disease and a major health burden worldwide, as 
one of the leading causes of death from a single 
infectious etiology.3 In the current era of population 
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aging, effective strategies for TB control are espe-
cially important in order to improve public health, 
as aging is one of the most important nonmodifiable 
risk factors for TB. In addition, the older population 
has many comorbidities and socioeconomic factors 
associated with an increased risk of TB.4 The treat-
ment outcomes for TB in older patients are also 
poorer compared with the younger population.4 
However, unfortunately, despite the importance of 
TB in the older population, current global TB con-
trol programs or policies may not be sufficient to 
lower the disease burden in older adults.5 Thus, 
there is an urgent need to elucidate modifiable risk 
factors for TB in this population.

An estimated 17% of people aged 65 years and 
older have been found to be anemic.6 Anemia is a 
result of the most common micronutrient deficiency 
(iron), which may predispose an individual to cer-
tain infectious diseases.7 Although the relationship 
between anemia and the risk of contracting TB 
remains unclear, individuals with anemia are more 
susceptible to infections, probably due to impaired 
cell-mediated immunity.8 In one study, the inci-
dence of TB was greater in the iron-deficiency ane-
mia group,8 but the analyses did not consider 
socioeconomic status, alcohol consumption, smok-
ing, body mass index (BMI), or anemia severity.

Physical activity, muscle mass, and strength all 
decline with age, particularly after 50 years of age. 
The prevalence of sarcopenia, which is defined as the 
loss of muscle mass and function, was reported to be 
approximately 10% among healthy adults aged ⩾60 
years.9 Because sarcopenia is associated with physical 
performance, a physical test may be used to evaluate 
reductions in mobility among older adults. In partic-
ular, the timed up-and-go (TUG) test is a simple test 
that is well correlated with the risk of sarcopenia in 
the older population.10,11 While sarcopenia is known 
to be a critical factor not only in aging but also in a 
variety of chronic diseases, including respiratory dis-
eases,12 the association between sarcopenia and TB 
incidence has not been evaluated. In addition, the 
major cause of sarcopenia is insufficient physical 
activity and lack of exercise with advancing age.13 
Nevertheless, there have been few studies addressing 
the relationship between physical activity and TB 
incidence in the older population.

Therefore, in the present study, using data from a 
large population in Korea, we aimed to investigate 
the predictors for TB incidence among older adults. 
In addition, to focus on common modifiable health 

concerns of the older population, anemia, sarcope-
nia (as measured by the TUG test), and physical 
activity were considered.

Methods

Study setting
The Korean National Health Insurance Service 
(NHIS) is a mandatory universal public health 
insurance system that covers approximately 97% 
of the population, except for the 3% of Korean 
residents who are Medicaid beneficiaries. The 
NHIS database contains information regarding a 
patient’s use of medical facilities, including the 
International Classification of Diseases 10th 
Revision (ICD-10) codes and prescribed medi-
cines from outpatient clinics and hospitalization. 
The NHIS also collects sociodemographic infor-
mation (e.g. age, sex, place of residence, and 
income level). The NHIS data have been widely 
used in epidemiologic studies.14

Since 2007, the NHIS has also provided the 
National Screening Program for Transitional 
Ages (NSPTA) to 66-year-old participants free 
of charge. The NSPTA program consists of 
health behavior (i.e. smoking status, alcohol con-
sumption, physical activity, and past medical his-
tory), anthropometric measurements (i.e. BMI 
and blood pressure), laboratory tests (i.e. hemo-
globin), and comprehensive geriatric assessment, 
including assessment of physical function (i.e. 
TUG test) and mental/cognitive function.15

Study population
The present study initially included 1,551,771 par-
ticipants aged 66 years who underwent the NSPTA 
between 2009 and 2014. We excluded individuals 
who had any registered disabilities (n = 237,686) and 
for which information for at least one variable was 
missing (n = 26,712). Moreover, individuals who 
had a diagnosis of TB (n = 3123), anemia 
(n = 4807), cancer (n = 33,606) or end-stage renal 
disease (n = 197) prior to the health screening date 
were excluded. A total of 1,245,640 individuals were 
included in the final analyses. The cohort was fol-
lowed from baseline to the date of incident TB or 
death, or until the end of the study period (31 
December 2018), whichever came first (Figure 1).

This study was approved by the Institutional Review 
Board (IRB) (IRB File No. SMC 2019-04-132). 
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The IRB waived the requirement for written 
informed consent because the data are public and 
anonymized under confidentiality guidelines.

Definition of tuberculosis
The main study outcome was incident active TB 
during the follow-up period. From the year 2005, 
Korea’s NHIS has provided a special copayment 
reduction program for all patients diagnosed with 
active TB to decrease the burden of TB in the nation. 
Specific insurance codes (V000, V206, and V246) 
are required to be applied to patients with active TB 
after confirmation of their diagnosis, and TB patients 
then receive free TB-related medical care. Because 
the NHIS database contains complete information 
regarding insured medical services throughout the 
country, the claims database enabled us to review all 
patients with active TB in the nation by means of 
their unique insurance codes.16

Anemia
Serum hemoglobin concentration was measured 
using the cyanmethemoglobin method. Anemia 
was defined according to World Health 
Organization criteria as hemoglobin <12 g/dL for 
women and <13 g/dL for men. The severity of 

anemia was categorized as mild (hemoglobin  
⩾11 g/dL), moderate (hemoglobin 8–10.9 g/dL), 
or severe (hemoglobin <8 g/dL).

Timed up-and-go test
The TUG test was used to predict sarcopenia 
among the study population. As part of the 
NSPTA program, the TUG test was conducted 
on the examination day at each community clinic 
or hospital.17 The subjects were observed and 
timed while rising from an armchair, walking 3 m, 
turning, walking back, and sitting down again.17 
The subjects were instructed to wear regular foot-
wear and use their customary walking aid.17 Many 
different cut-offs for TUG times have been sug-
gested in the previous studies.18 For the analyses, 
the TUG test results were categorized into three 
groups: <10 s, 10–15 s, and ⩾15 s after consider-
ing the distribution of the TUG results.

Physical activity
Based on the results from the self-administered 
questionnaire, the subjects were classified accord-
ing to physical activity: none, irregular, and regu-
lar physical activity. Regular physical activity was 
defined as performing >30 min of moderate 

Figure 1. Flowchart of the study population.
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physical activity at least 5 times per week or >20 
min of strenuous physical activity at least 3 times 
per week. Those who exercised but did not meet 
the criteria for regular physical activity were 
included in the irregular physical activity group.

Covariates
Covariates were selected based on background 
clinical knowledge and data availability.19,20 The 
determination of income level was based on 
monthly insurance premiums because insurance 
contributions are determined based on income 
level and not on health risk in Korea. Smoking 
status was classified into never, former, and cur-
rent smokers. Based on daily alcohol consump-
tion, the subjects’ rate of alcohol consumption 
was classified as none (0 g/day), moderate (<30 
g/day), and heavy (⩾30 g/day). BMI (kg/m2) was 
calculated as the subject’s weight in kilograms 
divided by the square of the subject’s height in 
meters, and the resulting BMI values were classi-
fied into five categories according to the Asia-
Pacific criteria of the World Health Organization; 
underweight (<18.5 kg/m2), normal (18.5–23 kg/
m2), overweight (23–25 kg/m2), obese (25–30 kg/
m2), and severely obese (⩾30 kg/m2). We used 
the Modification of Diet in Renal Disease equa-
tion to calculate the glomerular filtration rate 
(GFR) values, which were categorized as <30, 
30–60, ⩾60 mL/min/1.73 m2. The following 
comorbidities were included in the analyses: dia-
betes mellitus (DM, E10–E14 and antidiabetic 
medication), ischemic heart disease (I20–I25), 
stroke (I63–I64), and pulmonary disease [asthma 
(J45–J46 and use of asthma drugs) and chronic 
obstructive pulmonary disease (COPD, J43–J44, 
except for J430 and use of COPD drugs)].

Statistical analyses
Baseline characteristics of individuals with inci-
dent TB were compared with those without inci-
dent TB, using a two-tailed Student’s t-test for 
continuous variables and a chi-squared test for 
categorical variables. The incidence rate of pri-
mary outcomes was calculated by dividing the 
number of incident cases by the total follow-up 
duration (1000 person-years). A Kaplan–Meier 
(KM) failure time plot was used to describe the 
incidence of TB according to the severity of ane-
mia and TUG test impairment. Multivariable 
proportional hazards model included sex, income 
level, smoking status, alcohol consumption, 

physical activity, BMI, anemia, GFR, TUG test, 
DM, ischemic heart disease, stroke, and pulmo-
nary disease. Sensitivity analyses were also per-
formed by excluding subjects with TB occurring 
within 1 year of follow-up to account for the pos-
sibility of reverse causation. Statistical analyses 
were performed using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA), and a 
p-value < 0.05 was considered to indicate statis-
tical significance.

Results

Baseline characteristics
The age of each subject at entry into the study 
was 66 years, and the study population included 
558,387 (44.8%) men (Table 1). During the 
median follow-up period of 6.4 years (inter-
quartile range 5.0–8.1), there were 9344 new 
cases of TB and the incidence rate was 1.15 per 
1000 person-years. Individuals with incident 
TB were more likely to be men, current smok-
ers, heavy alcohol drinkers, physically inactive, 
and have a lower BMI, hemoglobin, GFR, and 
slower TUG test time compared with those 
without incident TB. They also were more likely 
to have a higher prevalence of anemia, DM, 
stroke, and pulmonary disease compared with 
those without incident TB.

Predictors for TB among older adults
Compared with women, men had a significantly 
greater risk of TB [adjusted hazard ratio (aHR) 
1.66, 95% confidence interval (CI) 1.57–1.75; 
Table 2]. The subjects in the highest income 
quartile had a lower TB risk than those in the 
lowest quartile (aHR 0.90, 95% CI 0.85–0.95).

Anemia and TB. There was a significant associa-
tion between the severity of anemia and TB inci-
dence, with an aHR of 1.28 (95% CI 1.20–1.36) 
for mild anemia and 1.69 (95% CI 1.51–1.88) for 
moderate to severe anemia.

Sarcopenia and TB. Compared with those who 
had normal TUG times (<10s), subjects with 
slow TUG times (⩾15 s) had a significantly 
increased risk of TB (aHR 1.19, 95% CI 
1.07–1.33).

Physical activity and TB. Physical activity was 
associated with lower TB risk. When compared 
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Table 1. Baseline characteristics of study subjects.

Total (N = 1,245,640) Incident tuberculosis p-value

No (n = 1,236,296) Yes (n = 9344)

Males 558,387 (44.8) 553,002 (44.7) 5385 (57.6) <0.0001

Income (quartile)

 Q1 (lowest) 309,085 (24.8) 306,621 (24.8) 2464 (26.4) <0.0001

 Q2 185,246 (14.9) 183,673 (14.9) 1573 (16.8)  

 Q3 305,778 (24.6) 303,425 (24.5) 2353 (25.2)  

 Q4 (highest) 445,531 (35.8) 442,577 (35.8) 2954 (31.6)  

Smoking status

 Never 875,298 (70.3) 869,622 (70.3) 5676 (60.7) <0.0001

 Former 213,034 (17.1) 211,298 (17.1) 1736 (18.6)  

 Current, <10 PY 729 (0.1) 722 (0.1) 7 (0.1)  

 Current, <20 PY 929 (0.1) 922 (0.1) 7 (0.1)  

 Current, ⩾20 PY 155,650 (12.5) 153,732 (12.4) 1918 (20.5)  

Alcohol consumption

 None 889,745 (71.4) 883,503 (71.5) 6242 (66.8) <0.0001

 Mild 297,107 (23.9) 294,728 (23.8) 2379 (25.5)  

 Heavy 58,788 (4.7) 58,065 (4.7) 723 (7.7)  

Physical activity

 None 931,656 (74.8) 924,433 (74.8) 7223 (77.3) <0.0001

 Irregular 219,837 (17.7) 218,344 (17.7) 1493 (16.0)  

 Regular 94,147 (7.6) 93,519 (7.6) 628 (6.7)  

Body mass index (kg/m2) 24.3 ± 3.0 24.3 ± 3.0 22.9 ± 3.1 <0.0001

 Underweight 24,187 (1.9) 23,539 (1.9) 648 (6.9) <0.0001

 Normal 392,999 (31.6) 388,796 (31.5) 4203 (45.0)  

 Overweight 348,178 (28.0) 345,941 (28.0) 2237 (23.9)  

 Obese 435,988 (35.0) 433,883 (35.1) 2105 (22.5)  

 Severely obese 44,288 (3.6) 44,137 (3.6) 151 (1.6)  

Hemoglobin (g/dL) 13.7 ± 1.4 13.7 ± 1.4 13.6 ± 1.5 <0.0001

 Normal 1,089,042 (87.4) 1,081,346 (87.5) 7696 (82.4) <0.0001

 Mild anemia 129,616 (10.4) 128,313 (10.4) 1303 (13.9)  

 (Continued)
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with subjects who reported no physical activity, 
the aHR was 0.88 (95% CI 0.83–0.93) for those 
who reported engaging in irregular physical activ-
ity, and 0.84 (95% CI 0.78–0.92) for those who 
engaged in regular physical activity.

Other TB predictors. Current smokers with 20 or 
more pack-years (aHR 1.23, 95% CI 1.15–1.30) 
and heavy alcohol drinkers (aHR 1.23, 95% CI 
1.13–1.33) had greater TB risks than those who 
never smoked or drank. Being underweight was 
associated with an increased risk of incident TB as 
compared with the normal BMI group (aHR 2.36, 
95% CI 2.17–2.57). In contrast, obese subjects 
showed a decreased risk of TB incidence: over-
weight (aHR 0.60, 95% CI 0.57–0.64), obese (aHR 
0.45, 95% CI 0.43–0.48), and severely obese (aHR 
0.33. 95% CI 0.28–0.39). The risk of TB increased 
with lower GFRs, with a GFR of 30–60 associated 
with an aHR of 1.09 (95% CI 1.02–1.16) and 
GFR ⩽ 30 associated with an aHR of 1.59 (95% 

CI 1.27–1.98). Having DM (aHR 1.24, 95% CI 
1.18–1.32), a history of stroke (aHR 1.14, 95% CI 
1.03–1.25) or pulmonary disease (aHR 1.62, 95% 
CI 1.55–1.70) were each associated with a greater 
incidence of TB. The results obtained when com-
pleting the analyses using a 1-year lag time were 
consistent with the main findings (Table 3).

Discussion
In this study, we evaluated predictors for TB in the 
older population using a large nationwide longitudi-
nal database. The results indicated that anemia, sar-
copenia, and physical inactivity are predictors for TB 
in the older population. To the best of our knowledge, 
this is the first study indicating that anemia, slow 
TUG test (a surrogate for sarcopenia), and physical 
inactivity could stratify future TB risk in the older 
population. Further, we found that there are direct 
relationships between the risk of TB and the severity 
of anemia, the degree of physical impairment as 

Total (N = 1,245,640) Incident tuberculosis p-value

No (n = 1,236,296) Yes (n = 9344)

 Moderate anemia 26,102 (2.1) 25,765 (2.1) 337 (3.6)  

 Severe anemia 880 (0.1) 872 (0.1) 8 (0.1)  

GFR(mL/min/1.73 m2)

 ⩾60 1,109,350 (89.1) 1,101,086 (89.1) 8264 (88.4) <0.0001

 30–60 130,280 (10.5) 129,281 (10.5) 999 (10.7)  

 <30 6010 (0.5) 5929 (0.5) 81 (0.9)  

TUG test time (s) 8.2 ± 2.5 8.2 ± 2.5 8.3 ± 2.5 <0.0001

 <10 934,906 (75.1) 928,032 (75.1) 6874 (73.6) 0.0002

 10–15 274,999 (22.1) 272,852 (22.1) 2147 (23.0)  

 ⩾15 35,735 (2.9) 35,412 (2.9) 323 (3.5)  

Diabetes mellitus 242,927 (19.5) 240,853 (19.5) 2074 (22.2) <0.0001

Ischemic heart disease 140,438 (11.3) 139,358 (11.3) 1080 (11.6) 0.3839

Stroke 48,515 (3.9) 48,092 (3.9) 423 (4.5) 0.0015

Pulmonary disease 306,731 (24.6) 303,210 (24.5) 3521 (37.7) <0.0001

Data are expressed as the means ± SD, or n (%).
BP, blood pressure; GFR, glomerular filtration rate; PY, pack-years; TUG, timed up-and-go.

Table 1. (Continued)
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Table 2. Hazard ratios and 95% confidence intervals for tuberculosis incidence.

Subjects (n) Events (n) Follow-up duration 
(person-years)

Incidence 
rate (per 1000 
person-years)

Adjusted HR  
(95% CI)

Sex

 Male 558,387 5385 3,594,432.0 1.5 1.66 (1.57–1.75)

 Female 687,253 3959 4,560,511.6 0.9 1 (ref.)

Income (quartile)

 Q1 (lowest) 309,085 2464 2,007,139.2 1.2 1 (ref.)

 Q2 185,246 1573 1,204,125.2 1.3 1.06 (1.00–1.13)

 Q3 305,778 2353 2,009,189.1 1.2 0.98 (0.92–1.03)

 Q4 (highest) 445,531 2954 2,934,490.1 1.0 0.90 (0.85–0.95)

Smoking status

 Never 875,298 5676 5,792,383.7 1.0 1 (ref.)

 Former 213,034 1736 1,355,311.1 1.3 0.97 (0.91–1.04)

 Current, <10 PY 729 7 4562.1 1.5 1.17 (0.56–2.45)

 Current, <20 PY 929 7 5990.4 1.2 0.93 (0.44–1.95)

 Current, ⩾20 PY 155,650 1918 996,696.2 1.9 1.23 (1.15–1.30)

Alcohol consumption

 None 889,745 6242 5,856,741.8 1.1 1 (ref.)

 Mild 297,107 2379 1,918,220.7 1.2 0.91 (0.86–0.96)

 Heavy 58,788 723 379,981.1 1.9 1.23 (1.13–1.33)

Physical activity

 None 931,656 7223 6,114,776.2 1.2 1 (ref.)

 Irregular 219,837 1493 1,429,787.8 1.0 0.88 (0.83–0.93)

 Regular 94,147 628 610,379.6 1.0 0.84 (0.78–0.92)

Body mass index (kg/m2)

 Underweight 24,187 648 151,232.1 4.3 2.36 (2.17–2.57)

 Normal 392,999 4203 2,549,409.2 1.6 1 (ref.)

 Overweight 348,178 2237 2,286,235.1 1.0 0.60 (0.57–0.64)

 Obese 435,988 2105 2,877,800.7 0.7 0.45 (0.43–0.48)

 Severely obese 44,288 151 290,266.5 0.5 0.33 (0.28–0.39)

Anemia

 None 1,089,042 7696 7,127,150.1 1.1 1 (ref.)

 Mild 129,616 1303 853,874.0 1.5 1.28 (1.20–1.36)

 Moderate to Severe 26,982 345 173,919.6 2.0 1.69 (1.51–1.88)

 (Continued)
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assessed by the TUG test and of the level of physical 
inactivity as reported by the subjects.

Our results regarding predictors for TB in older 
people generally concur with those of previous 
studies performed in the general population. 
Previous studies have reported that men, lower 
BMI, low socioeconomic status, smoking, and 
alcohol consumption are significantly associated 
with a higher risk of TB.19 Comorbidities such as 
DM, chronic kidney disease, asthma, and COPD 
are also important factors influencing TB occur-
rence. DM and chronic kidney disease can lead to 
impaired cell-mediated immunity21,22 and patients 

with asthma/COPD, especially those who use  
systemic or inhaled corticosteroids, can have sup-
pressed defenses against TB in the airway, which 
increases the risk of TB development.23 In addi-
tion, stroke was an independent risk TB predictor 
in the current study, which has not been reported 
in previous studies. It has been suggested that 
stroke induces an endogenous immunosuppression 
that might be an adaptive mechanism to protect 
against post-ischemic immune activation by brain 
antigens.24

Although it is well known that many TB patients 
have anemia, especially anemia of chronic disease,25 

Subjects (n) Events (n) Follow-up duration 
(person-years)

Incidence 
rate (per 1000 
person-years)

Adjusted HR  
(95% CI)

GFR (mL/min/1.73 m2)

 ⩾60 1,109,350 8264 7,240,853.6 1.1 1 (ref.)

 30–60 130,280 999 872,379.0 1.1 1.09 (1.02–1.16)

 <30 6010 81 41,710.9 1.9 1.59 (1.27–1.98)

TUG test time (s)

 <10 934,906 6874 6,073,283.0 1.1 1 (ref.)

 10–15 274,999 2147 1,836,237.9 1.2 1.05 (1.00–1.10)

 ⩾15 35,735 323 245,422.7 1.3 1.19 (1.07–1.33)

Diabetes mellitus

 No 1,002,713 7270 6,591,586.2 1.1 1 (ref.)

 Yes 242,927 2074 1,563,357.4 1.3 1.24 (1.18–1.32)

Ischemic heart disease

 No 1,105,202 8264 7,241,107.4 1.1 1 (ref.)

 Yes 140,438 1080 913,836.2 1.2 1.03 (0.96–1.09)

Stroke

 No 1,197,125 8921 7,836,988.4 1.1 1 (ref.)

 Yes 48,515 423 317,955.1 1.3 1.14 (1.03–1.25)

Pulmonary disease

 No 987,374 6618 6,481,573.3 1.0 1 (ref.)

 Yes 258,266 2726 1,673,370.3 1.6 1.62 (1.55–1.70)

Full model included sex, income level, smoking status, alcohol consumption, physical activity, body mass index, anemia, GFR, TUG test, diabetes 
mellitus, ischemic heart disease, stroke and pulmonary disease.
CI, confidence interval; GFR, glomerular filtration rate; HR, hazard ratio; PY, pack-years; ref., reference; TUG, timed up-and-go.

Table 2. (Continued)
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Table 3. Hazard ratios and 95% confidence intervals for the incidence of tuberculosis (the sensitivity analyses excluded subjects with 
the occurrence of end points within 1 year of follow-up).

Subjects (n) Events (n) Follow-up 
duration 
(person-years)

Incidence 
rate (per 1000 
person-years)

Adjusted HR (95% 
CI)

Sex

 Male 554,493 4561 3,037,887.5 1.5 1.63 (1.54–1.74)

 Female 685,429 3387 3,874,117.6 0.9 1 (ref.)

Income (quartile)

 Q1 (lowest) 307,421 2135 1,698,828.1 1.3 1 (ref.)

 Q2 184,252 1329 1,019,335.6 1.3 1.03 (0.96–1.11)

 Q3 304,337 1976 1,704,113.4 1.2 0.94 (0.89–1.00)

 Q4 (highest) 443,912 2508 2,489,727.9 1.0 0.87 (0.82–0.92)

Smoking status

 Never 872,384 4857 4,918,464.2 1.0 1 (ref.)

 Former 211,814 1453 1,142,859.7 1.3 0.95 (0.89–1.02)

 Current, <10 PY 725 6 3834.9 1.6 1.18 (0.53–2.63)

 Current, <20 PY 921 5 5064.7 1.0 0.78 (0.32–1.86)

 Current, ⩾20 PY 154,078 1627 841,781.7 1.9 1.23 (1.15–1.32)

Alcohol consumption

 None 886,114 5270 4,968,729.4 1.1 1 (ref.)

 Mild 295,580 2067 1,621,830.1 1.3 0.94 (0.89–1.00)

 Heavy 58,228 611 321,445.7 1.9 1.24 (1.13–1.36)

Physical activity

 None 927,141 6132 5,185,262.3 1.2 1 (ref.)

 Irregular 219,010 1285 1,210,334.6 1.1 0.89 (0.84–0.94)

 Regular 93,771 531 516,408.2 1.0 0.84 (0.77–0.92)

Body mass index (kg/m2)

 Underweight 23,763 505 127,266.5 4.0 2.22 (2.02–2.44)

 Normal 390,621 3543 2,157,561.9 1.6 1 (ref.)

 Overweight 346,836 1939 1,938,681.6 1.0 0.62 (0.59–0.66)

 Obese 434,547 1829 2,442,455.8 0.7 0.47 (0.44–0.50)

 Severely obese 44,155 132 246,039.3 0.5 0.35 (0.29–0.41)

 (Continued)
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anemia has not previously been investigated as a 
possible risk factor for TB. A prospective cohort 
study evaluating human immunodeficiency virus 
(HIV)-infected patients who received antiretrovi-
ral therapy showed that the severity of anemia was 

strongly associated with TB incidence rates.26 In 
HIV patients, dysregulation of the iron axis in 
HIV-related anemia could lead to a favorable 
intracellular macrophage environment for TB 
development.26,27 However, it is largely unknown 

Subjects (n) Events (n) Follow-up 
duration 
(person-years)

Incidence 
rate (per 1000 
person-years)

Adjusted HR (95% 
CI)

Anemia

 None 1,084,747 6593 6,040,112.1 1.1 1 (ref.)

 Mild 128,605 1082 724,753.8 1.5 1.25 (1.17–1.33)

 Moderate to Severe 26,570 273 147,139.3 1.9 1.58 (1.40–1.79)

GFR (mL/min/1.73 m2)

 ⩾60 1,104,436 7025 6,133,828.9 1.1 1 (ref.)

 30–60 129,558 852 742,436.8 1.1 1.09 (1.013–1.17)

 <30 5928 71 35,739.4 2.0 1.66 (1.313–2.10)

TUG test time (s)

 <10 930,784 5818 5,140,305.2 1.1 1 (ref.)

 10–15 273,643 1852 1,561,891.2 1.2 1.06 (1.02–1.12)

 ⩾15 35,495 278 209,808.7 1.3 1.20 (1.06–1.35)

Diabetes mellitus

 No 998,772 6203 5,590,743.1 1.1 1 (ref.)

 Yes 241,150 1745 1,321,262.1 1.3 1.23 (1.17–1.30)

Ischemic heart disease

 No 1,100,498 7055 6,138,120.1 1.1 1 (ref.)

 Yes 139,424 893 773,885.0 1.2 1.01 (0.94–1.08)

Stroke

 No 1,191,881 7597 6,642,346.9 1.1 1 (ref.)

 Yes 48,041 351 269,658.2 1.3 1.12 (1.00–1.25)

Pulmonary disease

 No 983,578 5824 5,495,984.6 1.1 1 (ref.)

 Yes 256,344 2124 1,416,020.6 1.5 1.45 (1.38–1.52)

Full model included sex, income level, smoking status, alcohol consumption, physical activity, body mass index, anemia, GFR, TUG test, diabetes 
mellitus, ischemic heart disease, stroke and pulmonary disease.
CI, confidence interval; GFR, glomerular filtration rate; HR, hazard ratio; PY, pack-years; ref., reference; TUG, timed up-and-go.

Table 3. (Continued)
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whether anemia can predict future TB risk in the 
general population. To the best of our knowledge, 
this is the first study to report an increase in the 
incidence of TB according to anemia severity. In 
support of our findings, previous studies have 
reported that nutritional iron deficiency is associ-
ated with impaired phytohemagglutinin-induced 
lymphocyte proliferation and delayed-type hyper-
sensitivity responses with relative preservation of 
humoral immunity.28 Future studies are warranted 
to evaluate the exact mechanism by which anemia 
contributes to TB development in older adults.

Few previous studies have comprehensively evalu-
ated whether sarcopenia is associated with TB risk. 
Patients who are at risk of TB have many clinical 
features of sarcopenia, such as low BMI, low socio-
economic status, DM, or chronic kidney disease. 
However, there have been no well-designed stud-
ies that evaluated the relationship between sarco-
penia and TB risk. The TUG test is a simple test 
that consists of sit-to-stand, walking, turning, and 
stand-to-sit tasks, and has been widely used in 
older adults for geriatric assessment. As a reliable 
and valid functional mobility test, the TUG test is 
not only reflective of physiologic aging and general 
health status but can also effectively predict the 
risk of sarcopenia.10,11 Our study had the advan-
tage of revealing novel findings that link decreased 
performance (slow TUG test), sarcopenia, and TB 
risk in the older population.

Another interesting finding in the present study was 
that low physical activity acted as a predictor of TB. 
Physical inactivity is a global public health problem 
that is considered a well-established preventable risk 
factor for non-communicable diseases such as DM 
and chronic heart disease.29 Although the associa-
tions between physical activity and infectious dis-
eases have not been well established, it is likely that 
physical activity can affect TB risk. A retrospective 
cohort study that evaluated TB risk factors in 
patients with DM showed that physical activity 
reduced the risk of TB in females with DM.30 
However, to date, no study has demonstrated that 
physical activity could reduce the risk of TB in the 
older population. From this perspective, our study 
provided informative data that low physical activity 
may be a predictor of TB in the older population. 
The exact mechanism by which regular physical 
activity confers the beneficial effect is not known. 
Regular physical activity may enhance the immune 
response against TB by improving the metabolic 
profile and enhancing immune function.31

The present findings have both clinical and public 
health implications. Clinically, physicians should 
be aware of predictors for TB among the older 
population, and the intervention to avoid the pre-
dictors for TB might be helpful. For example, 
because anemia is a largely correctable disease, TB 
may be at least partially preventable through the 
treatment of anemia. It might be also important to 
emphasize physical activity for the prevention of 
sarcopenia. From a public health perspective, our 
study implies that reduction of anemia and sarco-
penia through nutritional intervention and/or pre-
vention of sarcopenia by encouraging physical 
activity would be helpful not only in enhancing 
general health but also by reducing TB incidence 
in the older population. Further research is war-
ranted to examine whether intervening in those 
predictors reduces the risk of TB.

One major strength of our study was the reliability 
of the data obtained from the TB control system of 
Korea. In 2000, the Tuberculosis Notification 
Information System was established, and since 
2001 all patients with TB have been required to 
register their cases electronically.32 Other strengths 
included that the NHIS database includes data 
from the entire Korean population, which results in 
almost complete follow-up, and this study was con-
ducted with a relatively large number of patients. 
There were also some limitations to our study. 
First, only 66-year-old adults were included, and 
we could not, therefore, identify whether TB risk is 
further increased in the very old age group. Second, 
the level of exposure might have changed over time. 
However, the study participants were not regularly 
examined during the follow-up period, and we 
were not able to measure the effect of a time-
updated exposure. Third, as this study was per-
formed in a country with an intermediate TB risk, 
the study results might not be applicable to the 
older population in other countries with different 
TB risks. Lastly, we did not formally calculate the 
sample size; however, this could be justifiable 
because all the participants who underwent NSPTA 
from 2009 to 2014 were retrospectively included.

Conclusion
This study showed that community-dwelling older 
adults who were physically inactive, had slow 
TUG test times, and anemia were at greater risk of 
developing TB. Considering the high prevalence 
of physical inactivity, sarcopenia, and anemia 
among older adults, strategies to reduce TB risk in 
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the older population by addressing these new pre-
dictors are needed.
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