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pulmonary disease

and tuberculosis: a nationwide
retrospective cohort study
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Although smoking is an established risk factor for Mycobacterial infection, the association between
smoking and nontuberculous mycobacterial pulmonary disease (NTM-PD) remains unclear. We
evaluated the association between smoking and NTM-PD and tuberculosis (TB) using a population-
based South Korean nationwide cohort. Using the Korean National Health Insurance Database, we
screened individuals over 20 years of age who underwent the national health screening program in
2009. Out of 3,774,308 eligible populations, we identified 2,964 and 26,112 cases of newly developed
NTM-PD and TB, respectively. We used multivariate Cox proportional hazards models to estimate the
adjusted hazard ratios (aHRs) of risk factors for NTM-PD and TB. The incidence rates for developing
NTM-PD and TB were 0.08 and 0.68 per 1,000 person-years, respectively. Current smokers (aHR 0.63,
95% confidence interval [CI] 0.56-0.71) and current heavy smokers (= 20 pack-years, aHR 0.74, 95% ClI
0.63-0.86) were at lower risk for NTM-PD development than never smokers. On the contrary, current
smokers (aHR 1.19, 95% Cl 1.15-1.23) and current heavy smokers (aHR 1.27, 95% Cl 1.22-1.33) had

a higher risk for TB development than never smokers. These trends were augmented if individuals
started smoking before age 20 years. In subgroup analyses stratified by age, these trends were
prominent in the 40-64 years age range. Current smoking was associated with a decreased risk of
NTM-PD and increased risk of TB. These risks were augmented by early smoking initiation and in the
middle age population.
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Nontuberculous mycobacteria (NTM) are ubiquitous, opportunistic pathogens that most commonly manifest
as pulmonary disease (NTM-PD). Recently, the incidence and prevalence of NTM-PD has rapidly increased
worldwide, while those of tuberculosis (TB) have slowly decreased>?. In South Korea, the prevalence of NTM
disease increased from 11.4/100,000 in 2010 to 56.7/100,000 in 2021*. The prevalence of NTM disease in South
Korea has surpassed that of TB, which fell from 131.1/100,000 in 2010 to 52.1/100,000 in 2021*. The cause of
this trend remains unclear; however, it could be partially explained by several factors, such as increased use of
immunosuppressive agents and organ transplantation, alterations in the residential environment, and diminished
antimycobacterial immunity®~’.

Cigarette smoking is an important risk factor for pulmonary TB*°. Smoking increases susceptibility to Myco-
bacterium tuberculosis through ciliary dysfunction, impaired immune response, macrophage abnormalities,
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and reduced CD4 lymphocyte count'’. Based on the relationship between smoking and TB, we could infer that
smoking might also be a risk factor for NTM infection. Smoking is also a risk factor for asthma and chronic
obstructive pulmonary disease (COPD), which are commonly accompanied by NTM-PD>!12, Furthermore,
previous studies have suggested that smoking was related with NTM-PD and mortality'*~'>. However, in patients
with bronchiectasis, current or past smoking was associated with a lower risk for NTM colonization'¢. Therefore,
unlike in TB, smoking might have a protective effect against NTM-PD.

Previous studies dealing with smoking and NTM-PD have some limitations, including small cohort sizes,
single arm studies, and limited populations (such as individuals with human immunodeficiency virus [HIV]
infection or bronchiectasis)'*-'”. Thus, the association between smoking and NTM-PD development remains
unclear. In this context, our study evaluated the association between smoking and NTM infection using South
Korea national population-based cohort data. Furthermore, we also assessed TB development using the same
cohort to compare the association between smoking and TB and NTM independently.

Methods

Data source

The Korean National Health Insurance Service (NHIS) has a comprehensive public database called the National
Health Information Database (NHID). The NHID includes socio-demographic data, medical treatment and
claims information, health care use, national health screening program, and mortality among the entire Korean
population'®*®. The NHIS has provided a national health screening program since 1995%. Until 2018, individu-
als aged > 40 years or adult employees with national health insurance underwent a national health screening
program biennially (annually for manual workers), which included a simple chest radiograph, laboratory tests,
and a questionnaire regarding medical history and lifestyle behaviors'*2..

Study population

In this study, individuals who aged =20 years and underwent a national health screening program in 2009
were eligible for inclusion. Among them, 4,234,415 individuals (40% of the total national health screening pro-
gram recipients) were included. We excluded individuals with a previous diagnosis of NTM-PD (n=788) or TB
(n=128,555) before enrollment, those with any missing data (n=319,643), and those diagnosed with NTM-PD
or TB within one year of the index date (lag period, n=11,121). The remaining 3,774,308 eligible individuals
were included and followed until the date of death or until December 31, 2020. We identified 2,964 and 26,112
participants who newly developed NTM-PD and TB, respectively (Fig. 1).

Definition of cigarette smoking

Information on cigarette smoking was acquired from self-administered questionnaires during the national health
screening program within two years prior to the index date. The following data regarding smoking were included
in the questionnaires: daily smoking amount and duration (1 pack-year: 20 cigarettes smoked daily for 1 year),
smoking status (never-, former, or current smokers), and smoking initiation age (years). A former smoker was
defined as a person who had smoked at least 100 cigarettes or cigars over his/her lifetime but did not smoke at the
time of the health screening. The cumulative smoking amount was measured by pack-year and categorized by 10
or 20 pack-years. The smoking initiation age was categorized into four groups (<20, 20-24, 25-29, > 30 years).

Outcome ascertainment

The outcomes of this study were new NTM-PD and TB development. In South Korea, TB has been monitored in
the national TB program, while NTM-PD has not been monitored by national authorities. NTM-PD was identi-
fied by insurance claims for the International Classification of Diseases 10th revision (ICD-10) code of A31.0
(pulmonary mycobacterial infection), and at least one hospital visit or admission under the same diagnosis code
within one year after the initial claim?. TB was identified by the specific NHIS codes for TB (V206, V246, and
V000). The NHIS provides additional insurance benefits (deductible reduction) for all patients with TB accord-
ing to the national TB care policy. Therefore, the specific diagnostic codes for TB were mandatorily applied to
virtually all patients with TB in Korea. Under the current system, these specific codes for TB provides a valid
tool to identify individuals with TB in Korea.

Covariates
Information on anthropometric measurements (height, body weight and blood pressure) and lifestyle behaviors
(alcohol consumption and regular exercise) were collected from self-reported questionnaires on the national
health screening program within two years prior to the index date. Body mass index (BMI) was measured by
dividing the body weight by the square of height (kg/m?) and categorized into five groups (< 18.5, 18.5-22.9,
23-24.9, 25-29.9, and 2 30 kg/m?) according to the Asian BMI criteria®. Alcohol consumption was classified
as none, mild (<30 g/day), or heavy (=30 g/day). Regular exercise was defined as>30 min of moderate physi-
cal activity at least 5 times per week or>20 min of strenuous physical activity at least 3 times per week?. The
household income level was categorized into quartiles (Q1 = the lowest, Q4 = the highest) based on the subscrib-
ers’ annual national health insurance premium. Individuals receiving ‘Medical aid’ benefits (the lowest 3% of
the population) were included in the Q1 group. Residential regions were categorized into metropolitan (Seoul,
Busan, Daegu, Incheon, Gwangju, Daejeon, Ulsan, and Sejong) and other regions (Gyeonggi, Gangwon, Chun-
gcheongbuk, Chungcheongnam, Jeollabuk, Jeollanam, Gyeongsangbuk, Gyeongsangnam, and Jeju).
Comorbidities were identified using the NHIS and national health screening program data within one year
prior to the index date. The diagnostic definitions were made as follows: (1) diabetes: either an insurance claim
for ICD-10 codes E11-14 with a prescription for hypoglycemic medications or a fasting serum glucose > 126 mg/
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Fig. 1. Study flow chart. NTM-PD, nontuberculous mycobacterial pulmonary disease; TB, tuberculosis.

dL in a health screening; (2) hypertension: either an insurance claim for ICD-10 codes 110-13 and I15 with a
prescription for antihypertensive medications or high blood pressure (systolic blood pressure >140 mmHg or
diastolic blood pressure =90 mmHg) measured during a health screening; (3) dyslipidemia: either an insurance
claim for ICD-10 code E78 with a prescription for lipid-lowering medications or serum total cholesterol>240 mg/
dL in a health screening; (4) chronic kidney disease (CKD): either an insurance claim for ICD-10 codes N18-19
or an estimated glomerular filtration rate <60 mL/min/1.73 m? calculated by the Modification of Diet in Renal
Disease equation in a health screening; (5) bronchiectasis: an insurance claim for ICD-10 code J47; (6) COPD:
an insurance claim for ICD-10 codes J43-44.

Statistical analysis

Continuous variables are presented as mean + standard deviation, and categorical variables are expressed as
number (percentage). The Student’s t-test and * test were used to compare continuous and categorical variables,
respectively. The incidence rate was calculated as the ratio between the number of newly developed NTM-PD or
TB cases and the number of person-years (PY) at risk of disease (per 1,000). The multivariate Cox proportional
hazards model was used to identify risk factors for NTM-PD and TB development. Model 1 was non-adjusted.
The covariates included in Model 2 of the regression models were age and sex. The covariates included in Model
2 plus BMI, alcohol consumption, regular exercise, diabetes, hypertension, dyslipidemia, and CKD were included
in Model 3. Model 4, included all covariates included in Model 3 plus COPD and bronchiectasis. Model 5, the
main analysis model, included all covariates included in Model 4 plus residential region. For model 5, stratified
analyses by age group were conducted to evaluate any interactive effect of smoking on the risk of NTM-PD and
TB. All p-values were two-tailed, with statistical significance set at P<0.05. All statistical analyses were performed
using SAS version 9.4 (SAS institute, Cary, NC, United States).

Results

Baseline characteristics of the study population

Table 1 shows the baseline characteristics of study population. The means age was 47.1+ 14.0 years and 2,043,123
(54.1%) were men. The mean BMI was 23.7 + 3.2 kg/m?. With regard to smoking status, 2,277,862 (60.4%) were
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Total Non-NTM and non-TB NTM and non-TB Non-NTM and TB Both NTM and TB

N 3,774,308 3,745,908 2288 25,436 676
Age, years 47.07£13.96 47+13.93 57.39+11.71 56.1+15.67 57.75+12.79
20 - 39 years 1,178,207 (31.22) 1,173,627 (31.33) 148 (6.47) 4368 (17.17) 64 (9.47)
40 - 64 years 2,115,181 (56.04) 2,101,584 (56.1) 1449 (63.33) 11,786 (46.34) 362 (53.55)
=65 years 480,920 (12.74) 470,697 (12.57) 691 (30.2) 9282 (36.49) 250 (36.98)
Male sex 2,043,123 (54.13) 2,026,928 (54.11) 1008 (44.06) 14,819 (58.26) 368 (54.44)
BMI, kg/m?* 23.72+3.23 23.73+£3.22 22.1+3 22.76+3.1 21.72+3.06
<18.5 136,551 (3.62) 134,510 (3.59) 232 (10.14) 1719 (6.76) 90 (13.31)
18.5<...<23 1,467,262 (38.87) 1,453,427 (38.8) 1222 (53.41) 12,251 (48.16) 362 (53.55)
23<...<25 930,558 (24.66) 924,267 (24.67) 469 (20.5) 5686 (22.35) 136 (20.12)
25<...<30 1,104,165 (29.25) 1,098,449 (29.32) 338 (14.77) 5297 (20.82) 81 (11.98)
>30 135,772 (3.6) 135,255 (3.61) 27 (1.18) 483 (1.9) 7 (1.04)
Income, lowest Q1* 739,611 (19.6) 733,633 (19.58) 476 (20.8) 5348 (21.03) 154 (22.78)
Residential region, metropolitan | 1,724,103 (45.68) 1,711,917 (45.7) 1116 (48.78) 10,772 (42.35) 298 (44.08)
Smoking status

Never 2,277,862 (60.35) 2,260,818 (60.35) 1681 (73.47) 14,936 (58.72) 427 (63.17)
Former 520,351 (13.79) 516,393 (13.79) 332 (14.51) 3511 (13.8) 115 (17.01)
Current 976,095 (25.86) 968,697 (25.86) 275 (12.02) 6989 (27.48) 134 (19.82)
Alcohol consumption

None 1,951,096 (51.69) 1,934,632 (51.65) 1585 (69.27) 14,452 (56.82) 427 (63.17)
Mild 1,524,250 (40.38) 1,514,807 (40.44) 611 (26.7) 8621 (33.89) 211 (31.21)
Heavy 298,962 (7.92) 296,469 (7.91) 92 (4.02) 2363 (9.29) 38 (5.62)
Regular exercise 676,403 (17.92) 671,429 (17.92) 453 (19.8) 4381 (17.22) 140 (20.71)
Diabetes mellitus 327,790 (8.68) 323,430 (8.63) 192 (8.39) 4099 (16.11) 69 (10.21)
Hypertension 966,609 (25.61) 956,492 (25.53) 690 (30.16) 9213 (36.22) 214 (31.66)
Dyslipidemia 683,834 (18.12) 678,256 (18.11) 445 (19.45) 5011 (19.7) 122 (18.05)
CKD 259,031 (6.86) 256,041 (6.84) 204 (8.92) 2718 (10.69) 68 (10.06)
Bronchiectasis 12,656 (0.34) 12,231 (0.33) 114 (4.98) 277 (1.09) 34 (5.03)
COPD 46,768 (1.24) 45,574 (1.22) 136 (5.94) 1000 (3.93) 58 (8.58)

Table 1. Baseline characteristics of the study population according to NTM and TB categories. Data are
presented as mean * standard deviation or number (%), unless otherwise indicated. *First quartile of medical
insurance premiums and medical aid beneficiaries. NTM, nontuberculous mycobacteria; TB, tuberculosis;
BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.

never-smokers, 520,351 (13.8%) were former smokers, and 976,095 (25.9%) were current smokers. By sex, 69.1%
of the male population had a smoking history; in contrast, only 4.9% of the female population had a smoking
history (Supplementary Table 1). According to the disease category, 29.9% and 41.2% of individuals with NTM-
PD and TB had a smoking history, respectively (Supplementary Table 2, 3).

Risk of NTM-PD and TB development according to smoking status and cumulative amounts
The incidence rate of developing NTM-PD was 0.08/1,000 PY. Current smokers had a reduced risk (adjusted
hazard ratio [aHR] 0.63, 95% confidence interval [CI] 0.56-0.71) for developing NTM-PD compared to that of
never smokers. When considering both smoking status and cumulative amount, current smokers had a lower
risk for NTM-PD compared with never smokers. The incidence rate of developing TB was 0.68/1,000 PY. Cur-
rent smokers had an increased risk (aHR 1.19, 95% CI 1.15-1.23) for developing TB compared to that of never
smokers. When considering both smoking status and cumulative amounts, current smokers had a higher risk of
TB than never smokers. In a subgroup analysis stratified by age, those aged 40-64 years old showed prominent
tendencies for developing both NTM-PD and TB (Fig. 2, Tables 2, 3, 4, and Supplementary Tables 4, 5, 6).

Risk of NTM-PD and TB development according to smoking initiation age

With regard to smoking amount and initiation age, smokers with <20 pack-years had a lower risk for developing
NTM-PD but increased risk of developing TB compared to those of never smokers. These risks were augmented
if individuals started smoking before age 20 years. Considering the smoking status and initiation age, current
smokers had a reduced risk of developing NTM-PD and increased risk of developing TB, regardless of initiation
age. In a subgroup analysis stratified by age, the subpopulation aged 40-64 years showed prominent tendencies
to develop both NTM-PD and TB (Supplementary Tables 7, 8, 9, 10).
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Fig. 2. Effect of smoking status on NTM and TB development stratified by age. Non-smoker is the reference
value. Adjusted hazard ratio is presented with 95% confidence interval. NTM, nontuberculous mycobacteria;
TB, tuberculosis.

HR (95% CI)
Smoking status | N ‘ Event ‘ Duration, PY | IR, per 1000 PY | Model 1 Model 2 Model 3 Model 4 Model 5
NTM
Never 2,277,862 | 2108 23,149,552 0.0911 1 (Ref) 1 (Ref)) 1 (Ref) 1 (Ref)) 1 (Ref)
0.937 (0.846, 0.944 (0.837, 1.040 (0.921, 1.030 (0.912, 1.020 (0.904,
Former 520,351 447 5,243,372.69 0.0853 1.038) 1.065) 1.174) 1.162) 1.152)
0.457 (0.411, 0.646 (0.571, 0.629 (0.555, 0.630 (0.556, 0.630 (0.555,
Current 976,095 409 9,842,375.84 0.0416 0.508) 0.731) 0.713) 0.714) 0.714)
TB
Never 2,277,862 | 15,363 | 23,082,493.18 | 0.6656 1 (Ref) 1 (Ref.) 1 (Ref) 1 (Ref.) 1 (Ref)
1.042 (1.005, 0.885 (0.849, 0.912 (0.874, 0.908 (0.871, 0.911 (0.874,
Former 520,351 3626 5,228,855.03 0.6935 1.080) 0.922) 0.951) 0.947) 0.950)
1.091 (1.061, 1.288 (1.244, 1.194 (1.152, 1.189 (1.147, 1.190 (1.148,
Current 976,095 7123 9,809,472.22 0.7261 1.122) 1.334) 1.237) 1232) 1.233)

Table 2. Effect of smoking status on NTM and TB development. Model 1: Not adjusted. Model 2: Adjusted

for age and sex. Model 3: Adjusted for age, sex, BMI, alcohol consumption, regular exercise, diabetes,
hypertension, dyslipidemia, and CKD. Model 4: Adjusted for age, sex, BMI, alcohol consumption, regular
exercise, diabetes, hypertension, dyslipidemia, CKD, COPD, and bronchiectasis. Model 5: Adjusted for

age, sex, BMI, alcohol consumption, regular exercise, diabetes, hypertension, dyslipidemia, CKD, COPD,
bronchiectasis, and residential region. NTM, nontuberculous mycobacteria; TB, tuberculosis; HR, hazard ratio;
CI, confidence interval; PY, person-years; IR, incidence rate; Ref., reference.

Scientific Reports |

(2024) 14:22653 |

https://doi.org/10.1038/s41598-024-72438-4

nature portfolio




www.nature.

com/scientificreports/

HR (95% CI)
Smoking
amount* N Event | Duration, PY | IR, per 1000 PY | Model 1 Model 2 Model 3 Model 4 Model 5
NTM
Never 2,277,862 | 2108 | 23,149,552 0.09106 1 (Ref) 1 (Ref) 1 (Ref.) 1 (Ref) 1 (Ref)
0.398 (0.346, 0.700 (0.600, 0.718 (0.615, 0.719 (0.616, 0.716 (0.614,
<10 573,801 | 213 5,859,630.67 | 0.03635 0.459) 0.816) 0837) 0.839) 0:836)
0.539 (0.469, 0.728 (0.624, 0.766 (0.656, 0.771 (0.661, 0.768 (0.658,
10<...<20 435924 [ 217 4,417,940.33 | 0.04912 0.620) 0:850) 0.893) 0.901) 05897)
0.774 (0.663, 0.808 (0.684, 0.839 (0.709, 0.837 (0.707, 0.834 (0.705,
20<...<30 248,700 | 175 2,491,113.81 | 0.07025 0.903) 0.956) 0.994) 0.991) 0.988)
1.202 (1.054, 0.877 (0.758, 0.886 (0.763, 0.867 (0.747, 0.864 (0.745,
>30 238,021 | 251 2,317,063.74 | 0.10833 1370) 1.016) 1.028) 1.006) 1.003)
TB
Never 2,277,862 | 15,363 |23,082,493.18 | 0.66557 1 (Ref) 1 (Ref) 1 (Ref)) 1 (Ref) 1 (Ref)
0.699 (0.671, 1.010 (0.964, 0.995 (0.950, 0.992 (0.948, 0.993 (0.950,
<10 573,801 | 2719 | 5,846,253.99 | 0.46508 0728) 1.057) 1.042) 1.039) 1.041)
0.890 (0.854, 0.992 (0.946, 0.984 (0.938, 0.983 (0.938, 0.985 (0.939,
10<...<20 435924 | 2610 | 4,406,043.59 | 0.59237 0928) 1.039) 1.031) 1.030) 1.032)
1.349 (1.290, 1.182 (1.125, 1.145 (1.090, 1.142 (1.087, 1.144 (1.089,
20<...<30 248,700 | 2229 | 2,481,654.79 | 0.89819 1:410) 1242) 1204) 1.200) 1202)
2.077 (1.999, 1.310 (1.253, 1.216 (1.163, 1.204 (1.151, 1.205 (1.152,
>30 238,021 | 3191 |2304,374.87 | 1.38476 2.158) 1369) 1272) 1259) 1261)
Table 3. Effect of smoking amount on NTM and TB development. *Smoking amount is measured by
pack-years. Model 1: Not adjusted. Model 2: Adjusted for age and sex. Model 3: Adjusted for age, sex, BMI,
alcohol consumption, regular exercise, diabetes, hypertension, dyslipidemia, and CKD. Model 4: Adjusted
for age, sex, BMI, alcohol consumption, regular exercise, diabetes, hypertension, dyslipidemia, CKD, COPD,
and bronchiectasis. Model 5: Adjusted for age, sex, BMI, alcohol consumption, regular exercise, diabetes,
hypertension, dyslipidemia, CKD, COPD, bronchiectasis, and residential region. NTM, nontuberculous
mycobacteria; TB, tuberculosis; HR, hazard ratio; CI, confidence interval; PY, person-years; IR, incidence rate;
Ref., reference.
HR (95% CI)
Smoking status
and amount* N Event | Duration, PY | IR, per 1000 PY | Model 1 Model 2 Model 3 Model 4 Model 5
NTM
Never 2,277,862 | 2108 | 23,149,552 0.09106 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)) 1 (Ref)
0.763 (0.670, 0.922 (0.798, 1.004 (0.869, 1.007 (0.872, 0.998 (0.864,
Former &<20 364,877 | 258 3,711,45425 | 0.06951 0.868) 1.065) 1.160) 1164) 1.153)
1.364 (1.176, 0.987 (0.838, 1.110 (0.941, 1.076 (0.913, 1.067 (0.905,
Former &=20 155,474 | 189 1,531,918.44 | 0.12337 1.583) 1.162) 1.308) 1.269) 1.259)
0.288 (0.246, 0.529 (0.447, 0.526 (0.444, 0.529 (0.447, 0.530 (0.447,
Current &< 20 644,848 | 172 6,566,116.75 | 0.0262 0.336) 0627) 0.623) 0.627) 0.628)
0.799 (0.699, 0.769 (0.662, 0.738 (0.634, 0.735 (0.631, 0.735 (0.631,
Current &=20 331,247 | 237 3,276,259.1 0.07234 0.914) 0.893) 0.859) 0.856) 0.856)
TB
Never 2,277,862 | 15,363 |23,082,493.18 | 0.66557 1 (Ref) 1 (Ref) 1 (Ref.) 1 (Ref) 1 (Ref.)
0.809 (0.772, 0.821 (0.780, 0.848 (0.806, 0.848 (0.806, 0.851 (0.809,
Former &<20 364,877 1992 |3,702,946.82 | 0.53795 0847) 0.864) 0.893) 0893) 0.896)
1.607 (1.527, 0.987 (0.933, 1.014 (0.959, 1.004 (0.949, 1.007 (0.952,
Former &> 20 155474 | 1634 | 1,525908.21 | 1.07084 1691) 1.043) 1072) 1.061) 1.064)
0.766 (0.738, 1.169 (1.119, 1.111 (1.064, 1.109 (1.061, 1.109 (1.061,
Current & <20 644,848  |3337 |6,549,350.76 | 0.50952 0.793) 1221) 1161) 1158) 1158)
1.743 (1.682, 1.407 (1.350, 1.278 (1.225, 1.271 (1.218, 1.272 (1.218,
Current & >20 331,247 3786 |3,260,121.46 | 1.16131 1.806) 11466) 1334) 1327) 1327)

Table 4. Effect of smoking status and amount on NTM and TB development. *Smoking amount is measured
by pack-years. Model 1: Not adjusted. Model 2: Adjusted for age and sex. Model 3: Adjusted for age, sex, BMI,
alcohol consumption, regular exercise, diabetes, hypertension, dyslipidemia, and CKD. Model 4: Adjusted

for age, sex, BMI, alcohol consumption, regular exercise, diabetes, hypertension, dyslipidemia, CKD, COPD,
and bronchiectasis. Model 5: Adjusted for age, sex, BMI, alcohol consumption, regular exercise, diabetes,
hypertension, dyslipidemia, CKD, COPD, bronchiectasis, and residential region. NTM, nontuberculous
mycobacteria; TB, tuberculosis; HR, hazard ratio; CI, confidence interval; PY, person-years; IR, incidence rate;
Ref., reference.
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Discussion

We found that current smoking status was associated with a decreased risk for NTM-PD, but increased risk for
TB. These risks were augmented by early smoking initiation and were prominent in the middle age population.
As far as we know, this is the first study to evaluate the impact of smoking on NTM-PD in the general population
that compared the difference between NTM-PD and TB.

Cigarette smoking is a strong risk factor for pulmonary TB%°. Previous systematic reviews and meta-analyses
have shown that exposure to cigarette smoke is associated with TB infection, active TB development, and TB-
related mortality”®*’. Smoking induces mucociliary dysfunction and macrophage abnormalities, impairs immune
response, and reduces CD4 T-cell lymphocyte count!’. Tumor necrosis factor-a (TNF-a) is a major cytokine that
is involved in granuloma formation, and activates macrophages and dendritic cells. Macrophages release TNF-a
after exposure to M. tuberculosis antigens. In current smokers, nicotine reduces TNF-a release by macrophages
through the a7 nicotinic receptor, which favors TB development. Cigarette smoke also selectively reduces inter-
leukin-12 and TNF-a, impeding granuloma formation. Through the described mechanisms, cigarette smoking
promotes the development of active TB***. We found that current smoking was associated with an increased
risk for TB development; this risk was positively correlated with cumulative smoking amounts. These results
emphasize the importance of smoking cessation in clinical practice and national TB care policy. Notably, selected
former smokers (e.g., with smoking history <20 pack years) in this study demonstrated a decreased risk of
developing TB in our results. However, previous studies have shown that former smokers had an increased risk
for developing TB, which is consistent with the finding in current smokers**=?’. Therefore, our results must be
interpreted with caution, and further studies are required for clarification.

Most importantly, our results describe a significant relationship between smoking and NTM-PD. Previous
studies have described some risk factors for developing NTM-PD. Host factors include immunocompromised
condition, underweight, and underlying lung disease, such as COPD, bronchiectasis, cystic fibrosis, primary cili-
ary dyskinesia, and al-antitrypsin deficiency®*-*2. Since NTM is a ubiquitous pathogen, environmental exposure
has been emphasized, such as that from humidifiers, showerheads, hot tubs, and garden soil**-*>. However, we
have little knowledge of the role of smoking in NTM-PD, unlike in TB. O’Brien et al. showed that smoking was a
risk factor for NTM-PD in a previous case series'”. Miguez-Burbano et al. showed that smoking was a significant
risk factor for hospitalization due to NTM-PD in individuals with HIV infection'®. Kotilainen et al. showed that
smokers with NTM-PD had a higher risk for mortality compared with non-smokers, although the relationship
was not significant after adjusting for underlying conditions'.

Thereafter, Wickremasinghe et al. performed a prospective study of 100 individuals with bronchiectasis to
evaluate the prevalence of NTM in their sputum. Among 25 patients with multiple NTM isolates, 52% were never-
smokers, 40% were ex-smokers, and only 8% were current smokers!”. Shteinberg et al. performed a retrospective
cohort study to evaluate the risk factors of NTM infection among 6,274 individuals with bronchiectasis using a
registry of Israel’s health maintenance organization. Current or past smoking was significantly associated with
a lower risk for NTM growth (No NTM 36.7%, NTM single growth 28.0%, NTM colonization 16.7%, adjusted
odds ratio 0.60, 95% CI 0.37-0.97). These two studies suggested that smoking history was associated with less
NTM colonization in the lung of individuals with bronchiectasis. In our results, current smokers had a reduced
risk for developing NTM-PD compared to those of never-smokers and former smokers in the general population.
Shteinberg et al. said that negative association between smoking and NTM infection might reflect surveillance
bias'®. However, in our results, current smoking was significantly associated with an increased risk for develop-
ing TB, which was consistent with previous studies*-?’. Previous studies also suggested that smoking inhibits
granulomatous inflammation in other granulomatous lung disease, such as hypersensitivity pneumonitis and
sarcoidosis®®*’, while impaired granuloma formation facilitates active TB**?. Although smoking might be able
to inhibit the development of hypersensitivity pneumonitis and sarcoidosis, it may have detrimental effects on
disease severity or prognosis®®**. Further experimental and prospective studies are required to elucidate the role
of cigarette smoking in the development of NTM-PD.

This study has several strengths. First, this is the first study to evaluate the effect of smoking on NTM-PD in
a general population that compares the difference between NTM-PD and TB. Second, a large size nationwide
longitudinal cohort enhanced the statistical power to describe the risks of developing NTM-PD according to
smoking history. Third, owing to the national TB care policy, which endowed specific diagnostic codes for TB,
virtually all newly developed cases of TB were included in this study.

This study also has some limitations. First, the cases of NTM-PD were identified using diagnostic codes from
health insurance claims, and relevant bacteriologic data could not be collected given limitations of the source
data. Furthermore, the different definition between TB (national TB registry) and NTM-PD (health insurance
claims) may lead to selection bias. In South Korea, cases of TB occurrence have been monitored in the Korean
national TB program. However, NTM-PD has not been monitored by national authorities. Considering that
the prevalence of NTM-PD has surpassed that of TB in South Korea (as of 2021)*, cases of NTM-PD should be
monitored by national authorities. Recently, the nationwide observational cohort for NTM-PD in South Korea
(NTM-KOREA) was launched to optimize treatment and understand the treatment outcomes and long-term
prognosis of patients with NTM-PD*’. Therefore, the relationship between smoking and NTM-PD could be
further investigated under this program. A second limitation is that we could not collected information about
other clinical risk factors that may affect NTM-PD and TB development, such as HIV infection and organ
transplant. Finally, this study was performed in the Korean population; thus, generalizing our results to other
ethnicities requires caution.

In conclusion, current smoking was associated with a decreased risk of NTM-PD development and increased
risk of TB development. These risks were augmented by early smoking initiation and were prominent in the
middle age population.
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