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ABSTRACT The incidence and prevalence of nontuberculous mycobacterial pulmonary disease (NTM-
PD) have been increasing worldwide. The risk of NTM-PD may be higher in undernourished populations.
In this study, we tried to elucidate the impact of body mass index (BMI) and its change on development
of NTM-PD.

We performed a retrospective cohort study including South Koreans aged >40 years who underwent
biennial National Health Insurance System (NHIS) health check-ups in both 2005 and 2009 or 2006 and
2010. We monitored eligible individuals from the study initiation date (NHIS health check-up date in
2009 or 2010) until the diagnosis of NTM-PD or until December 31, 2017. Enroled individuals were
classified based on BMI at initiation date. By calculating hazard ratios, we compared NTM-PD incidence
per 100000 person-years by BMI group and by BMI change.

A total of 5670229 individuals were included in the final analysis. Compared with the BMI
<18.5 kg·m−2 group, the incidence of NTM-PD gradually decreased with increased BMI (adjusted hazard
ratio 0.38, 95% confidence interval (CI) 0.35–0.42 for BMI 18.5–22.9; 0.17, 95% CI 0.15–0.19 for BMI 23–
24.9; 0.1, 95% CI 0.09–0.11 for BMI 25–29.9; and 0.1, 95% CI 0.07–0.13 for BMI ⩾30). A BMI decrease of
⩾1 kg·m−2 over 4 years increased the incidence of NTM-PD (adjusted hazard ratio 1.08, 95% CI 1.01–
1.16) whereas a BMI increase of ⩾1 kg·m−2 decreased the incidence of NTM-PD (adjusted hazard ratio
0.77, 95% CI 0.71–0.83).

In conclusion, BMI was inversely related to development of NTM-PD and weight loss increased the risk
of NTM-PD.
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Introduction
Nontuberculous mycobacteria (NTM) are ubiquitous microorganisms that have an environmental origin
and can affect various human organs. Typically, NTM infection causes progressive inflammatory damage
to the lung, resulting in nontuberculous mycobacterial pulmonary disease (NTM-PD). The incidence and
prevalence of NTM-PD are increasing worldwide [1]. The reasons for this increase in prevalence are
unclear, but may include increased recognition and testing, increased exposure to NTM from home water
heaters or shower aerosols, a decrease in population immunity to mycobacteria owing to decreasing
tuberculosis (TB) infection, or an increased number of people with risk factors for NTM-PD [2, 3]. Risk
factors proposed for the development of NTM-PD encompass malignant diseases of the thorax [4],
chronic lung disease [5], thoracic skeletal abnormalities [6], rheumatic diseases [7] and medications
including immunosuppressants [8] and inhaled corticosteroids (ICS) [5, 9].

Several nutritional indicators, such as subcutaneous fat [10] and triceps skinfold thickness [11], have also
been reported to be associated with NTM-PD. Patients with NTM-PD tend to have lower body weight or
lower body mass index (BMI) [11, 12]. In addition, poor nutritional status is correlated with the
progression of NTM-PD [13] and higher all-cause mortality among patients with Mycobacterium avium
complex pulmonary disease [14].

Although lower BMI is common among patients with NTM-PD and is associated with worse prognosis,
it is unclear whether it is a risk factor for the development of the disease. The aim of this study was to
elucidate, using a nationwide database, the association between BMI and the development of NTM-PD in
the South Korean population.

Materials and methods
Data source
We used the database of the National Health Insurance Service (NHIS), which includes the entire
population of South Korea (approximately 49.8 million people) as well as registered foreign-nationality
residents. The NHIS is a compulsory insurance system, with exceptions for individuals who qualify for the
National Medical Aid programme or foreign military personnel [15]. The NHIS recommends that
insurance subscribers undergo a standardised health check-up biennially. The annual number of
subscribers who participate in this examination is more than 13 million [16].

The NHIS database contains information on demographics and all medical services rendered (with
diagnostic codes as per the International Statistical Classification of Diseases and Related Health Problems,
10th edition (ICD-10)), as well as all prescription medications dispensed. The database also contains
information of subscribers’ residence and income. Residence is classified according to residence in one of
six metropolitan cities, Seoul, or Sejong City versus other areas. A low income level is defined as the lowest
quintile of the annual income level. The NHIS database has been used in previous studies [17, 18].

NHIS health check-up programme
The standardised biennial health check-up programme provided by the NHIS includes the following
components: self-reporting questionnaires, physical measurements, physical examinations, chest
radiographs and blood tests at officially designated centres. Standardised self-reporting questionnaires are
used to collect data at the time of examination for the following variables: alcohol consumption
(non-drinker, mild drinker with a mean consumption of <30 g·day−1 or heavy drinker with a mean
consumption of ⩾30 g·day−1), smoking status (never smoker, ex-smoker or current-smoker) by pack-year,
comorbidities and physical activity. Individuals who met one of the following criteria were defined as
physically active: ⩾3 days of vigorous activity for ⩾20 min·day−1 or ⩾5 days of moderate intensity activity
or walking for ⩾30 min·day−1. During the physical examination, each individual’s height and weight were
measured and blood specimens were collected after an overnight fast of at least 8 h. Chest radiographs
were interpreted by radiologists and the results were classified according to four categories: normal,
inactive TB, active TB and other abnormalities.

Study design
We conducted a retrospective cohort study based on the NHIS database. Individuals aged >40 years who
underwent a biennial NHIS health check-up in both 2005 and 2009 (“Cohort 2009”) or in 2006 and 2010
(“Cohort 2010”) were included in the analysis. Individuals given an ICD-10 code for NTM-PD between
January 01, 2002 and the initiation date were excluded from the cohort. Enroled individuals were classified
based on BMI (in kg·m−2) at the initiation date as follows: BMI <18.5 (underweight), ⩾18.5 BMI <23
(normal weight), ⩾23 BMI <25 (overweight), ⩾25 BMI <30 (obese I) and BMI ⩾30 (obese II–III). These
five categories are based on the recommendations of the World Health Organization (WHO) for
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Asia-Pacific populations [19]. Eligible individuals were monitored from the study initiation date until
diagnosis of NTM-PD or until December 31, 2017.

This study was approved by the official review committee of the NHIS (study number: NHIS-2018-1-460)
and the institutional review board of Seoul National University Hospital (IRB number: E-1808-112-967).

Definitions
Development of NTM-PD
Within the cohort, we identified individuals with NTM-PD who were: 1) newly registered with ICD-10
code A31.0 after the initiation date; and 2) had at least two ambulatory visits or hospital admissions with
an A31.0 diagnosis code during 1 year.

Change in body mass index
Change in BMI was defined as the difference in BMI over a 4-year period. We calculated the difference
between BMI measured in 2005 and 2009 for Cohort 2009 and between that measured in 2006 and 2010
for Cohort 2010. Categorisation of the 4-year change in BMI was defined as stable (BMI change
<1 kg·m−2), increased (⩾1 kg·m−2) or decreased (⩾1 kg·m−2).

Comorbidities
Comorbidities were defined based on ICD-10 codes registered within 1 year prior to the initiation date.
Details are provided in supplementary table S1. Exceptionally, diabetes mellitus was defined using the
following criteria: 1) at least one claim for prescription of an anti-diabetic agent under ICD-10 code
E11-14 within 1 year prior to the study initiation date; or 2) a fasting glucose level of ⩾7 mmol·L−1

(126 mg·dL−1).

Statistical analysis
Baseline characteristics of the study population, including demographics and comorbidities, are described
using frequency (n (%)), median (interquartile range (IQR)) and mean±SD.

We calculated the incidence rate of NTM-PD per 100000 person-years and compared amongst BMI
groups. Candidates for confounding variables were selected based on risk factors for the development of
NTM-PD reported in previous studies [8, 9], as well as factors that could affect the diagnosis of NTM-PD.
They included age, sex, residence, income, diabetes, respiratory diseases, solid cancers, transplantation
history, haematologic malignancy, HIV infection, gastroesophageal reflux disease (GERD), number of
outpatient clinic visits or hospital admissions and chest radiograph findings. Cox proportional hazards
models were constructed to obtain adjusted hazard ratios with 95% confidence intervals (CIs) after
adjusting for variables with p<0.05 in univariable analyses, as well as biologically plausible risk factors.
The analysis included the unadjusted model (Model 1) and adjusted for: 1) age and sex (Model 2);
2) all variables included in Model 2 plus residence, income, diabetes, respiratory disease, solid cancer,
haematologic malignancy, transplantation, AIDS, GERD, smoking status and number of hospital visits
(Model 3); and 3) all variables included in Model 3 plus four categories of chest radiograph findings
during health screening (Model 4).

To elucidate the impact of changes in BMI on the incidence of NTM-PD, we calculated the incidence rate
of NTM-PD per 100000 person-years in the groups with stable, decreased or increased BMI, respectively.
Cox proportional hazards models were constructed to obtain adjusted hazard ratios with 95% CIs in a
stepwise pattern, as described above.

To exclude the possibility that development of NTM-PD caused a decrease in BMI, we performed a
sensitivity analysis ignoring a diagnosis of NTM-PD for 1 year after the initiation date. For Cohort 2009,
the incidence rates and hazard ratios were calculated based on a diagnosis of NTM-PD after 2010 while,
for Cohort 2010, they were calculated based on a diagnosis of NTM-PD after 2011.

Statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA) and R version
3.2.3 (The R Foundation for Statistical Computing, Vienna, Austria; www.rproject.org). A two-sided
p-value of less than 0.05 was considered to indicate statistical significance.

Results
We identified 4101614 individuals who had undergone a biennial health check-up in both 2005 and 2009
(Cohort 2009) and 5450550 individuals who received a health check-up in both 2006 and 2010 (Cohort
2010). After excluding individuals aged <40 years, those with an ICD-10 code for NTM-PD (A31.0)
between January 01, 2002 and the initiation date, those with incomplete data and those duplicated in both
cohorts, 5670229 individuals were included in the final analysis (figure 1).
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Demographic and clinical characteristics of individuals
The median age of the 5670229 individuals included in the analysis was 54 years (IQR 47–63 years) and
53.6% were male. Of the total, 19.3% were current smokers and 17.8% were ex-smokers, 667664 (11.8%)
had diabetes, 953733 (16.8%) had respiratory comorbidities, 166249 (2.94%) had connective tissue
diseases and 118535 (2.1%) had solid organ or haematologic malignancies. Chest radiographs were normal
in 87.7% of individuals and active pulmonary TB was suspected in 0.25% of cases (table 1).

Based on BMI at the study initiation date, 121481 individuals (2.1%) were classified as underweight (BMI
<18.5), 2035239 (35.9%) were normal weight (⩾18.5 BMI <23), 1571445 (27.7%) were overweight (⩾23
BMI <25), 1777062 (31.3%) were class I obese (⩾25 BMI <30) and 165002 (2.9%) were class II–III obese
(BMI ⩾30). Median age was higher in the underweight group (56 years) than in the other groups. The

Cohort
(n=5 670 229)

with age >40 years who underwent a biannual NHIS health check-up

Monitored from the study initiation date
until the diagnosis of NTM-PD or until December 31, 2017

121 481 (2.1%) with BMI <18.5
2 035 239 (35.9%) with 18.5 ≤BMI <23
1 571 445 (27.7%) with 23 ≤BMI <25
1 777 062 (31.3%) with 25 ≤BMI <30
165 002 (2.9%) with BMI ≥30

647 cases with BMI <18.5
2847 cases with 18.5 ≤BMI <23
902 cases with 23 ≤BMI <25
581 cases with 25 ≤BMI <30
52 cases with BMI ≥30

1 064 290 excluded 
with duplicated data

NTM-PD cases 5029 (0.09%)

1 087 783 excluded
with age <40  years

Cohort 2009

4 101 614 individuals who had undergone a biannual 
health check-up in 2005 and 2009

3 013 831 individuals

3 013 126 individuals

2 853 549 individuals

Cohort 2010

159 577 excluded 
with incomplete data

705 excluded
with ICD-10 code for NTM-PD (A31.0)

between January 01, 2002 and the 
initiation date

1 432 836 excluded
with age <40  years

5 450 550 individuals (≥40 years) who had undergone 
a biannual health check-up in 2006 and 2010

4 017 714 individuals

4 016 530 individuals

3 880 970 individuals

135 560 excluded 
with incomplete data

1184 excluded
with ICD-10 code for NTM-PD (A31.0)

between January 01, 2002 and the 
initiation date
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FIGURE 1 Flow diagram of the study population. ICD-10: International Statistical Classification of Diseases and Related Health Problems, 10th
edition; NTM-PD: nontuberculous mycobacterial pulmonary disease; NHIS: National Health Insurance Service; BMI: body mass index.
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TABLE 1 Demographic and clinical characteristics of individuals according to body mass index (BMI)

Characteristic Total subjects
(n=5670229)

BMI p-value

<18.5 (n=121481) 18.5–22.9 (n=2035239) 23–24.9 (n=1571445) 25–29.9 (n=1777062) ⩾30 (n=165002)

Age years
Mean±SD 55.6±10.4 58.1±12.8 55.2±10.7 55.6±10.1 55.8±10.1 55.5±10.3 <0.001
Median (IQR) 54 (47–63) 56 (47–69) 53 (47–62) 54 (48–62) 54 (48–64) 54 (47–64) <0.001
40–49 1858817 (32.8) 39356 (32.4) 722099 (35.5) 496251 (31.6) 547712 (30.8) 53399 (32.4)
50–59 1862373 (32.8) 29689 (24.4) 654792 (32.2) 535410 (34.1) 590139 (33.2) 52343 (31.7)
60–69 1231070 (21.7) 22293 (18.4) 389552 (19.1) 353468 (22.5) 426030 (24.0) 39727 (24.1)
70–79 633644 (11.2) 23299 (19.2) 230060 (11.3) 167193 (10.6) 194905 (11.0) 18187 (11.0)
⩾80 84325 (1.5) 6844 (5.6) 38736 (1.9) 19123 (1.2) 18276 (1.0) 1346 (0.8)

Male sex 3037738 (53.6) 58866 (48.5) 977933 (48.1) 883280 (56.2) 1041030 (58.6) 76629 (46.4) <0.001
Residence# 3146918 (55.5) 68253 (56.2) 1109560 (54.5) 862476 (54.9) 1008537 (56.8) 98092 (59.5) <0.001
Low income¶ 965177 (17.0) 22459 (18.5) 356265 (17.5) 261335 (16.6) 294567 (16.6) 30551 (18.5) <0.001
Diabetes mellitus 667664 (11.8) 8371 (6.9) 170775 (8.4) 179529 (11.4) 270530 (15.2) 38459 (23.3) <0.001
Chronic kidney disease 11885 (0.21) 321 (0.26) 4078 (0.2) 3080 (0.2) 3931 (0.22) 475 (0.3) <0.001
HIV/AIDS 313 (0.01) 5 (0) 147 (0.01) 92 (0.01) 67 (0) 2 (0) <0.001
GERD 1268768 (22.4) 27916 (23.0) 449007 (22.1) 351914 (22.4) 402013 (22.6) 37918 (23.0) <0.001
Respiratory disease
COPD 399244 (7.0) 12684 (10.4) 138457 (6.8) 106689 (6.8) 127795 (7.2) 13619 (8.3) <0.001
Asthma 514771 (9.1) 12244 (10.1) 170352 (8.4) 138712 (8.8) 173013 (9.7) 20450 (12.4) <0.001
Bronchiectasis 30811 (0.54) 1651 (1.36) 12642 (0.6) 7720 (0.5) 8092 (0.5) 706 (0.4) <0.001
TB sequelae 8907 (0.16) 763 (0.63) 4224 (0.21) 2109 (0.13) 1698 (0.10) 113 (0.07) <0.001

Connective tissue disease
Rheumatoid arthritis 158611 (2.8) 4085 (3.4) 57022 (2.8) 42480 (2.7) 49638 (2.8) 5386 (3.3) <0.001
Systemic lupus erythematosus 1303 (0.02) 71 (0.06) 640 (0.03) 300 (0.02) 262 (0.01) 30 (0.02) <0.001
Systemic sclerosis 4315 (0.08) 175 (0.1) 2009 (0.1) 1095 (0.07) 959 (0.05) 77 (0.05) <0.001
Ankylosing spondylitis 2020 (0.04) 53 (0.04) 704 (0.03) 540 (0.03) 632 (0.04) 91 (0.06) <0.001

Solid cancer
Stomach cancer 20842 (0.4) 1982 (1.6) 11412 (0.6) 4213 (0.3) 3065 (0.2) 170 (0.1) <0.001
Colorectal cancer 16428 (0.3) 517 (0.4) 6125 (0.3) 4527 (0.3) 4849 (0.3) 410 (0.3) <0.001
Lung cancer 4085 (0.1) 179 (0.2) 1572 (0.1) 1100 (0.1) 1142 (0.1) 92 (0.1) <0.001
Liver cancer 5556 (0.1) 161 (0.1) 2161 (0.1) 1458 (0.1) 1643 (0.1) 133 (0.1) <0.001
Breast cancer 12798 (0.2) 326 (0.3) 5640 (0.3) 3271 (0.2) 3152 (0.2) 409 (0.3) <0.001
Thyroid cancer 29661 (0.5) 508 (0.4) 11383 (0.6) 8064 (0.5) 8744 (0.5) 962 (0.6) <0.001
Other cancers 29165 (0.5) 914 (0.8) 10745 (0.5) 7890 (0.5) 8812 (0.5) 804 (0.5) <0.001

Haematologic malignancy
Acute myeloid leukaemia 264 (<0.01) 4 (<0.01) 80 (<0.01) 76(<0.01) 92 (0.01) 12 (0.01) 0.17
Chronic myelogenous leukaemia 435 (0.01) 9 (0.01) 161 (0.01) 117 (0.01) 139 (0.01) 9 (0.01) 0.848
Acute lymphoblastic leukaemia 31 (<0.01) 0 (<0.01) 11 (<0.01) 8 (<0.01) 10 (<0.01) 2 (<0.01) 0.726
Multiple myeloma 334 (0.01) 10 (0.01) 122 (0.01) 95 (0.01) 100 (0.01) 7 (<0.01) 0.699

Transplantation status
Kidney 46 (<0.01) 1 (<0.01) 29 (<0.01) 8 (<0.01) 8 (<0.01) 0 (<0.01) 0.004
Liver 29 (<0.01) 1 (<0.01) 16 (<0.01) 5 (<0.01) 7 (<0.01) 0 (<0.01) 0.222

Continued
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TABLE 1 Continued

Characteristic Total subjects
(n=5670229)

BMI p-value

<18.5 (n=121481) 18.5–22.9 (n=2035239) 23–24.9 (n=1571445) 25–29.9 (n=1777062) ⩾30 (n=165002)

Chest radiograph <0.001
Normal 4971764 (87.7) 88278 (72.7) 1733912 (85.2) 1391049 (88.5) 1606502 (90.4) 152023 (92.1)
Inactive TB 456806 (8.1) 21333 (17.6) 206491 (10.15) 119032 (7.6) 103357 (5.8) 6593 (4.0)
Active TB 14012 (0.3) 1084 (0.9) 6945 (0.3) 3276 (0.2) 2564 (0.1) 143 (0.1)
Other abnormalities 227647 (4.0) 10786 (8.9) 87891 (4.3) 58088 (3.7) 64639 (3.6) 6243 (3.8)

Smoking status <0.001
Never 3570005 (63.0) 78105 (64.3) 1348970 (66.3) 969666 (61.7) 1063038 (59.8) 110226 (66.8)
Past 1007594 (17.8) 13697 (11.3) 291077 (14.3) 303211 (19.3) 372978 (21.0) 26631 (16.14)
Current 1092630 (19.3) 29679 (24.4) 395192 (19.4) 298568 (19.0) 341046 (19.2) 28145 (17.1)

Alcohol consumption <0.001
Non 3311236 (58.4) 82057 (67.6) 1250802 (61.5) 891709 (56.7) 984138 (55.4) 102530 (62.1)
Mild 1968569 (34.7) 33161 (27.3) 671416 (33.0) 571872 (36.4) 643460 (36.2) 48660 (29.5)
Heavy 390424 (6.9) 6263 (5.2) 113021 (5.6) 107864 (6.9) 149464 (8.4) 13812 (8.4)

Regular exercise+ min·day−1 1249542 (22.0) 17883 (14.7) 424768 (20.9) 367873 (23.4) 406837 (22.9) 32181 (19.5) <0.001
Hospital visits§

Mean±SD 35.4±39.4 36.4±45.5 33.2±38.6 35.0±38.6 37.4±40.0 42.2±42.7 <0.001
Median (IQR) 24 (11–46) 23 (9–47) 22 (10–43) 24 (11–46) 27 (12–49) 31 (15–54)

BMI kg·m−2

Mean±SD 24.0±2.9 17.6±0.8 21.4±1.2 24.0±0.6 26.7±1.3 31.7±1.8 <0.001
Median (IQR) 23.8 (22–25.8) 17.8 (17.2–18.2) 21.5 (20.5–22.3) 24 (23.5–24.5) 26.5 (25.7–27.6) 31.2 (30.5–32.4)

Data are presented as n (%), mean±SD, or median (IQR). GERD: gastroesophageal reflux disease; COPD: chronic obstructive pulmonary disease; TB: tuberculosis; IQR: interquartile range.
#: area other than six metropolitan cities, Seoul and Sejong city; ¶: low income is defined as the lowest quintile of the annual income level; +: regular exercise is defined as 1) ⩾3 days of
vigorous activity for ⩾20 min·day−1 or 2) ⩾5 days of moderate intensity activity or walking for ⩾30 min·day−1; §: hospital visits are between January 01, 2009 and December 31, 2009 for
the 2009 cohorts, and between January 01, 2010 and December 31, 2010 for the 2010 cohorts.
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distribution of BMI categories by age is provided in supplementary table S2. There were more
male individuals in the class I obese group (56.2%) and the class II–III obese groups (58.5%). The
prevalence of diabetes increased steadily with increased BMI. Chronic obstructive pulmonary disease
(COPD), bronchiectasis and TB sequelae were most common in the underweight group. Inactive TB,
active TB and other abnormalities on chest radiograph were also most common in the underweight group.
In addition, there were more current smokers in the underweight group. The number of hospital visits
increased with increased BMI (table 1).

Incidence of NTM-PD according to body mass index categories
The median duration of observation among individuals was 7.9 years (95% CI 7.4–8.4 years). During
observation, NTM-PD was diagnosed in 5029 of 5670229 individuals (0.09%). The incidence rate of
NTM-PD was highest amongst the underweight group (71.5 per 100000 person-years) and decreased with
increased BMI as follows: normal weight group (18.0 per 100000 person-years), overweight group (7.4 per
100000 person-years), class I obese group (4.2 per 100000 person-years), class II–III obese group (4.0 per
100000 person-years) (p<0.0001). The same trends were observed in both males and females (table 2).

The inverse relationship between incidence of NTM-PD and BMI was maintained after adjusting for
potential confounding factors. In Model 4, when compared with the underweight group, adjusted hazard
ratios for developing NTM-PD were as follows: normal weight group (0.38, 95% CI 0.35–0.42), overweight
group (0.17, 95% CI 0.15–0.19), class I obese group (0.10, 95% CI 0.09–0.11), class II–III obese groups
(0.10, 95% CI 0.07–0.13) (table 2). This inverse association was maintained when treating BMI as a
continuous variable (supplementary table S3).

Development of NTM-PD according to changes in body mass index
The incidence of NTM-PD differed according to changes in BMI. The incidence rate of NTM-PD was
11 per 100000 person-years in the group with stable BMI, 14 per 100000 person-years in the group with
decreased BMI and nine per 100000 person-years in the group with increased BMI. In Model 4, compared
with the stable BMI group, the adjusted hazard ratios for NTM-PD development were as follows:
decreased BMI group (1.08, 95% CI 1.01–1.16), increased BMI group (0.77, 95% CI 0.71–0.83) (table 3).

Sensitivity analysis
The results of sensitivity analyses ignoring development of NTM-PD within 1 year following the study
initiation date showed similar results. The higher incidence of NTM-PD in the decreased BMI group and
lower incidence of NTM-PD in the increased BMI group were confirmed, although differences in some
comparisons were absent after adjustment for potential confounding variables (table 4).

Discussion
In this study, based on the nationwide health insurance database of South Korea, we showed that higher
BMI was protective against development of NTM-PD. In addition, the 4-year change in BMI was inversely
correlated with the development of NTM-PD. These results suggest that lower BMI per se, as well as
weight loss, could be risk factors for NTM-PD development.

The protective effect of higher BMI (or increased risk of lower BMI) in other infectious diseases, including
TB, is well known. Epidemiologic studies have consistently reported the association between higher BMI
and lower incidence of TB. One study of an older adult population in Hong Kong reported lower active
TB incidence amongst obese and overweight individuals [20], while an analysis based on the US National
Health and Nutrition Examination Survey found a similar result [21]. A meta-analysis of six
population-based studies has confirmed the inverse log-linear relationship between BMI and TB incidence
within a BMI range of 18.5–30 kg·m−2 [22]. This protective effect of obesity against TB is known as the
“obesity paradox” [23] and has also been observed in other conditions, such as sepsis [24], pneumonia
[25] and Chagas disease. At the same time, higher risk of community-acquired pneumonia [26], upper
respiratory infection [27] and fungal infection [27] have been reported in underweight populations.

Although patients with NTM-PD tend to have lower BMI and this has been reported to be associated with
worse prognosis of NTM-PD [13, 14], the question of whether lower BMI is a risk factor or results from
the development of NTM-PD has not yet been answered. The results of our study supported the former
hypothesis. In our analysis, higher BMI was associated with decreased development of NTM-PD in a
dose-dependent manner and weight loss over a period of 4 years was associated with increased incidence
of NTM-PD. The results of a sensitivity analysis showing the same trends after ignoring the development
of NTM-PD within 1 year following the initiation date strengthen this observation.

Lower BMI as a risk factor for NTM-PD can be understood based on the interleukin-12 (IL-12)/
interferon-γ (IFNγ) pathway, which is pivotal in host immunity against NTM infection [28]. Impaired
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TABLE 2 Incidence of nontuberculous mycobacterial pulmonary disease (NTM-PD) according to body mass index (BMI)

BMI kg·m−2 Examinees NTM-PD
patients

Duration of
observation
person-years

Incidence rate
events

per 100000
person-years

Model 1# Model 2¶ Model 3+ Model 4§

Hazard
ratio

p-value Adjusted
hazard
ratio

p-value Adjusted
hazard
ratio

p-value Adjusted
hazard
ratio

p-value

Total
<18.5 121481 647 904248 72 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001

18.5–22.9 2035239 2847 15778737 18 0.25
(0.23–0.27)

<0.001 0.29
(0.27–0.32)

<0.001 0.32
(0.29–0.35)

<0.001 0.38
(0.35–0.42)

<0.001

23–24.9 1571445 902 12263854 7 0.10
(0.09–0.11)

<0.001 0.12
(0.11–0.13)

<0.001 0.13
(0.12–0.14)

<0.001 0.17
(0.15–0.19)

<0.001

25–29.9 1777062 581 13870001 4 0.06
(0.05–0.07)

<0.001 0.07
(0.06–0.08)

<0.001 0.07
(0.07–0.08)

<0.001 0.10
(0.09–0.11)

<0.001

⩾30 165002 52 1284847 4 0.06
(0.04–0.07)

<0.001 0.07
(0.05–0.09)

<0.001 0.07
(0.05–0.09)

<0.001 0.10
(0.07–0.13)

<0.001

Male
<18.5 58866 342 427479 80 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001

18.5–22.9 977933 1306 7538401 17 0.21
(0.19–0.24)

<0.001 0.28
(0.25–0.32)

<0.001 0.31
(0.27–0.35)

<0.001 0.37
(0.33–0.42)

<0.001

23–24.9 883280 444 6872313 7 0.08
(0.07–0.09)

<0.001 0.12
(0.10–0.13)

<0.001 0.13
(0.11–0.15)

<0.001 0.17
(0.14–0.19)

<0.001

25–29.9 1041030 295 8099959 4 0.05
(0.04–0.05)

<0.001 0.07
(0.06–0.08)

<0.001 0.08
(0.06–0.09)

<0.001 0.10
(0.09–0.12)

<0.001

>30 76629 20 593812 3 0.04
(0.03–0.07)

<0.001 0.07
(0.05–0.12)

<0.001 0.08
(0.05–0.13)

<0.001 0.11
(0.07–0.18)

<0.001

Female
<18.5 62615 305 476770 64 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001

18.5–22.9 1057306 1541 8240337 19 0.29
(0.26–0.33)

<0.001 0.31
(0.28–0.35)

<0.001 0.34
(0.30–0.38)

<0.001 0.40
(0.36–0.46)

<0.001

23–24.9 688165 458 5391541 9 0.13
(0.11–0.15)

<0.001 0.13
(0.11–0.15)

<0.001 0.15
(0.13–0.17)

<0.001 0.19
(0.16–0.21)

<0.001

25–29.9 736032 286 5770041 5 0.08
(0.07–0.09)

<0.001 0.07
(0.06–0.09)

<0.001 0.08
(0.07–0.09)

<0.001 0.11
(0.09–0.12)

<0.001

>30 88373 32 691035 5 0.07
(0.05–0.10)

<0.001 0.07
(0.05–0.10)

<0.001 0.08
(0.05–0.11)

<0.001 0.10
(0.07–0.15)

<0.001

Data are presented as n or n (95% CI). #: unadjusted; ¶: adjusted for age and sex; +: adjusted for age, sex, residence, income, diabetes, respiratory disease, solid cancer, haematologic
malignancy, transplantation, AIDS, gastroesophageal reflux disease (GERD), smoking status and number of hospital visits; §: adjusted for age, sex, residence, income, diabetes,
respiratory disease, solid cancer, haematologic malignancy, transplantation, AIDS, GERD, smoking status, number of hospital visits and chest radiograph findings during health
screening.
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TABLE 3 Incidence of nontuberculous mycobacterial pulmonary disease (NTM-PD) with reference to a body mass index (BMI) change of ⩾1 kg·m−2

BMI change
⩾1 kg·m−2

Examinees NTM-PD
patients

Duration of
observation
person-years

Incidence rate events
per 100000
person-years

Model 1# Model 2¶ Model 3+ Model 4§

Hazard ratio p-value Adjusted
hazard
ratio

p-value Adjusted
hazard
ratio

p-value Adjusted
hazard
ratio

p-value

Total
Stable 3407416 3054 2657375 11 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001

Decrease 1051605 1147 8085029 14 1.24
(1.16–1.32)

<0.001 1.09
(1.02–1.17)

<0.001 1.09
(1.02–1.17)

<0.001 1.08
(1.01–1.16)

<0.001

Increase 1211208 828 9442906 9 0.76
(0.71–0.82)

<0.001 0.78
(0.72–0.84)

<0.001 0.76
(0.70–0.82)

<0.001 0.77
(0.71–0.83)

<0.001

Male
Stable 1860053 1453 14458861 10 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001

Decrease 551874 579 4210374 14 1.37
(1.25–1.51)

<0.001 1.17
(1.06–1.29)

<0.001 1.15
(1.04–1.26)

<0.001 1.15
(1.04–1.26)

<0.001

Increase 625811 375 4862728 8 0.77
(0.69–0.86)

<0.001 0.80
(0.71–0.89)

<0.001 0.78
(0.69–0.87)

<0.001 0.78
(0.70–0.88)

<0.001

Female
Stable 1860053 1453 14458861 10 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001

Decrease 551874 579 4210374 14 1.37
(1.25–1.51)

<0.001 1.17
(1.06–1.29)

<0.001 1.06
(0.96–1.16)

<0.001 1.04
(0.95–1.15)

<0.001

Increase 625811 375 4862728 8 0.77
(0.69–0.86)

<0.001 0.80
(0.71–0.89)

<0.001 0.75
(0.67–0.83)

<0.001 0.76
(0.68–0.84)

<0.001

Data are presented as n or n (95% CI). #: unadjusted; ¶: adjusted for age and sex; +: adjusted for age, sex, residence, income, diabetes, respiratory disease, solid cancer, haematologic
malignancy, transplantation, AIDS, gastroesophageal reflux disease (GERD), smoking status and number of hospital visits; §: adjusted for age, sex, residence, income, diabetes,
respiratory disease, solid cancer, haematologic malignancy, transplantation, AIDS, GERD, smoking status, number of hospital visits and chest radiograph findings during health
screening.
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TABLE 4 Sensitivity analysis for nontuberculous mycobacterial pulmonary disease (NTM-PD) incidence with reference to a body mass index (BMI) change of
⩾1 kg·m−2, while ignoring a diagnosis of NTM-PD for 1 year after the initiation date

BMI change
⩾1 kg·m−2

Examinees NTM-PD
patients

Duration of
observation
person-years

Incidence rate per
100000

person-years

Model 1# Model 2¶ Model 3+ Model 4§

Hazard ratio p-value Adjusted
hazard
ratio

p-value Adjusted
hazard
ratio

p-value Adjusted
hazard
ratio

p-value

Total
Stable 3407416 3054 26573752 11 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001

Decrease 1051605 1147 8085029 14 1.24
(1.16–1.32)

<0.001 1.09
(1.02–1.17)

<0.001 1.09
(1.02–1.17)

<0.001 1.08
(1.01–1.16)

<0.001

Increase 1211208 828 9442906 9 0.76
(0.71–0.82)

<0.001 0.78
(0.72–0.84)

<0.001 0.76
(0.70–0.82)

<0.001 0.77
(0.71–0.83)

<0.001

Male
Stable 1856574 1354 14456463 9 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001

Decrease 549335 537 4208686 13 1.37
(1.24–1.51)

<0.001 1.17
(1.06–1.29)

<0.001 1.15
(1.04–1.27)

<0.001 1.15
(1.04–1.27)

<0.001

Increase 624597 350 4861897 7 0.77
(0.68–0.87)

<0.001 0.80
(0.71–0.90)

<0.001 0.78
(0.69–0.87)

<0.001 0.79
(0.70–0.88)

<0.001

Female
Stable 1546118 1479 12114040 12 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001 1

(reference)
<0.001

Decrease 498672 517 3873926 13 1.10
(0.99–1.21)

<0.001 1.03
(0.93–1.14)

<0.001 1.04
(0.94–1.15)

<0.001 1.03
(0.93–1.14)

<0.001

Increase 584918 425 4579855 9 0.76
(0.68–0.85)

<0.001 0.77
(0.69–0.86)

<0.001 0.76
(0.68–0.85)

<0.001 0.77
(0.69–0.85)

<0.001

Data are presented as n or n (95% CI). #: unadjusted; ¶: adjusted for age and sex; +: adjusted for age, sex, residence, income, diabetes, respiratory disease, solid cancer, haematologic
malignancy, transplantation, AIDS, gastroesophageal reflux disease (GERD), smoking status and number of hospital visits; §: adjusted for age, sex, residence, income, diabetes,
respiratory disease, solid cancer, haematologic malignancy, transplantation, AIDS, GERD, smoking status, number of hospital visits and chest radiograph findings during health
screening.
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production of IFNγ, IL-12 and tumour necrosis factor-α (TNF-α) has been reported amongst patients
with NTM-PD [11]. Meanwhile, lower BMI is reportedly associated with decreased leptin levels and
increased adiponectin levels [11]. Decreased leptin secretion owing to malnutrition is known to cause a
blunted T-helper 1 cell (Th1) response, making the host vulnerable to infection [29]. Furthermore,
elevation of adiponectin decreases Toll-like receptor (TLR) mediated IFNγ secretion in natural killer cells [30].
Given these observations, adipokine dysregulation in malnourished individuals could be a biological
mechanism that contributes to increased risk of NTM-PD [31].

To correctly interpret our results, the strengths and limitations of this study must be recognised. The main
strength of the study is the inclusion of a large nationwide study population with standardised health
check-up data. This advantage provides good statistical power and minimises the possibility of selection
bias. However, the fact that the diagnosis of NTM-PD was made based on ICD-10 codes and was not
based on clinical and bacteriological diagnostic criteria is a limitation. To overcome this issue, we tried to
minimise the possibility of over-diagnosis by including patients who had at least two hospital visits with a
diagnosis of NTM-PD (A31.0).

In conclusion, BMI was inversely related to the development of NTM-PD and weight loss increased the
risk of NTM-PD. Clinicians should understand the importance of the nutritional status of individuals with
predisposing factors for NTM-PD.

Conflict of interest: None declared.
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