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Abstract
Underweight might be a risk factor of tuberculosis (TB), but the association between duration of underweight and occurrence of TB is inconclusive. The
objective of this study was to determine whether there is a difference in occurrence of TB according to the cumulative number of underweight in an
intermediate TB burden country. The National Health Insurance database was used. Eligible subjects were individuals without history of TB before 2006, and
who underwent national health examination between January 2009 and 31 December 2010. Included individuals in the analysis were followed until 31
December 2017. Accumulated number of underweight was de�ned as the number of times recorded as underweight during the national health examination
over four consecutive years. The primary outcome of the study was newly diagnosed TB according to accumulated number of underweight. Among a study
population of 2,396,434, TB was identi�ed in 9,322 (3.89%) cases. A high accumulated number of underweight and low body mass index (BMI) level were
signi�cantly associated with occurrence of TB. This association remained consistent after adjusting for demographic factors and underlying diseases. In
strati�ed analysis based on age, sex, diabetes (DM), hypertension (HTN), and waist circumference (WC) in metabolic syndrome (MS), the accumulated number
of underweight was related consistently to occurrence of TB. A high accumulated number of underweight was associated with increased risk of TB.

Introduction
The World Health Organization (WHO) reported about 10 million new tuberculosis (TB) cases globally and approximately 1.7 million TB-related deaths
worldwide in the year 2019 Vigorous infection control measures have been implemented over the decades, and the incidence and death rates were declining
yearly. However, TB is still responsible for more than a million deaths each year, primarily in low-income countries1. The Republic of Korea (hereafter referred to
as “Korea”) has achieved remarkable success in economic growth with signi�cant improvements in quality of life over the past decades. The TB problem in
Korea, however, which emerged in the 1950s, is unresolved despite long-term strategic planning of the national TB control program. The number of TB patients
has been decreasing for six consecutive years. In 2018, 26,433 new TB cases were reported, 1,728 fewer compared to the previous year. However, Korea still
has the highest TB incidence rate and mortality rate among Organization for Economic Cooperation and Development (OECD) countries2,3.

Underweight or low body mass index (BMI) is an established risk factor for development of TB4–10. Undernutritional status, a proxy for underweight, can lead
to progression from latent TB to active TB due to impairment of the cell-mediated immune system6–8. A more than three-fold increased risk of TB was noted in
people with underweight or low BMI compared to those with normal body weight 8. These studies had focused on an association between underweight or low
BMI at one time point and the occurrence of TB. However, the link between duration of underweight and occurrence of TB has not been studied. The aim of the
present study was to determine whether there is a difference in the occurrence of TB according to the cumulative number of underweight based on data from
national health examinations in Korea, which is as an intermediate TB burden country. In addition, the difference in occurrence of TB according to changes in
body weight was analyzed.

Results
Baseline characteristics of study populations.

Of the 2,513,129 people who had undergone health examinations for four consecutive years prior to 2009, 2,396,434 eligible subjects were included in the
analysis after exclusion (Figure 1). Baseline characteristics of the study population according to accumulated number of underweight are described in Table 1.
There were 2,248,457 (93.8%) subjects with zero accumulated number of underweight, 50,077 (2.08%) subjects with one accumulated number of underweight,
28,559 (1.19%) subjects with two accumulated number of underweight, 25,597 (1.06%) subjects with three accumulated number of underweight, and 43,744
(1.82%) subjects with four accumulated number of underweight.
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Table 1
Baseline characteristic of the study populations according to the accumulated number of being underweight.

  Accumulated number of being underweight

0 1 2 3 4 p value

  2248457 (93.8) 50077 (2.08) 28559 (1.19) 25597 (1.06) 43744 (1.82) <0.0001

Age 42.5±10.44 37.25±10.77 35.94±10.35 35.27±10.06 34.91±9.99 <0.0001

20-39 1016130 (45.19) 33524 (66.94) 20523 (71.86) 19236 (75.15) 33418 (76.39)  

40-64 1188218 (52.85) 15798 (31.55) 7663 (26.83) 6049 (23.63) 9803 (22.41)  

65< 44109 (1.96) 755 (1.51) 373 (1.31) 312 (1.22) 523 (1.2)  

Sex           <0.0001

Male 1722635 (76.61) 23537 (47) 12016 (42.07) 10199 (39.84) 16720 (38.22)  

Female 525822 (23.39) 26540 (53) 16543 (57.93) 15398 (60.16) 27024 (61.78)  

Smoking           <0.0001

Non 986840 (43.89) 30893 (61.69) 18459 (64.63) 16888 (65.98) 29400 (67.21)  

Ex 463362 (20.61) 5134 (10.25) 2611 (9.14) 1964 (7.67) 3040 (6.95)  

Current 798255 (35.5) 14050 (28.06) 7489 (26.22) 6745 (26.35) 11304 (25.84)  

Drink           <0.0001

Non 846399 (37.64) 24188 (48.3) 14259 (49.93) 13031 (50.91) 22566 (51.59)  

Mild 1214930 (54.03) 23561 (47.05) 13157 (46.07) 11528 (45.04) 19637 (44.89)  

Heavy 187128 (8.32) 2328 (4.65) 1143 (4) 1038 (4.06) 1541 (3.52)  

Regular exercise 472953 (21.03) 6243 (12.47) 2984 (10.45) 2496 (9.75) 3771 (8.62) <0.0001

Low income (20%) 358515 (15.94) 6633 (13.25) 3400 (11.91) 2788 (10.89) 4643 (10.61) <0.0001

DM 164746 (7.33) 1588 (3.17) 745 (2.61) 590 (2.3) 836 (1.91) <0.0001

HTN 448078 (19.93) 3389 (6.77) 1500 (5.25) 1169 (4.57) 1735 (3.97) <0.0001

Dyslipidemia 363881 (16.18) 3155 (6.3) 1526 (5.34) 1357 (5.3) 1549 (3.54) <0.0001

WC 81.44±8.21 69.97±6.32 68.25±5.75 67.37±5.79 65.42±5.27 <0.0001

BMI 24.04±2.88 19.31±1.36 18.7±0.93 18.29±0.95 17.35±0.77 <0.0001

Values with ± symbols denote mean ± standard deviation.

Data are expressed as number (%) of subjects.

DM: diabetes mellitus; HTN: hypertension; WC: waist circumference; BMI: body mass index.

Those with a higher accumulated number of underweight appeared to be younger, more typically female, non-smokers, and non-drinkers. Those with a higher
accumulated number of underweight also appeared to have exercised less frequently and have lower income. Those with a higher accumulated number of
underweight tended to have fewer underlying diseases.

(Table 1)

Associations of BMI level and accumulated number of underweight with occurrence of TB. During a median follow-up of 7.27 years after a 1-year lag period,
9,322 (3.59%) people were diagnosed with TB. We investigated the association between accumulated number of underweight and clinical outcomes and the
association between BMI level and clinical outcomes. A high accumulated number of underweight and low BMI level were signi�cantly associated with
occurrence of TB. This association remained consistent after adjusting for demographic factors and underlying diseases (Table 2). The Kaplan–Meier
estimations of the incidence probability of TB according to BMI level or accumulated number of underweight are shown in Figure 2. Notably, a higher
cumulative incidence probability of TB rates was observed at both lower BMI level and higher accumulated number of underweight.
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Table 2
Hazard ratios (HR) and 95% con�dence intervals (CI) of occurrence of TB by BMI level or accumulated number of being underweight.

  N. TB Follow-up

Duration,

Person-year

IR

per
1000

Model 1a,
HR

(95% CI)

p-value Model 2b,
HR

(95% CI)

p-value Model 3c,
HR

(95% CI)

p-value Model
4d, HR

(95%
CI)

p-value

BMI

<18.5 86071 749 607676.69 1.23256 1.653
(1.531-
1.785)

<0.0001 2.071
(1.916-
2.238)

<0.0001 2.038
(1.885-
2.202)

<0.0001 2.031
(1.879-
2.196)

<0.0001

<23 935457 4969 6662012.23 0.74587 1(Ref.)   1(Ref.)   1(Ref.)   1(Ref.)  

<25 612871 1957 4382844.86 0.44651 0.599
(0.568-
0.631)

  0.536
(0.509-
0.565)

  0.543
(0.515-
0.572)

  0.537
(0.509-
0.566)

 

<30 687574 1533 4912660.07 0.31205 0.418
(0.395-
0.443)

  0.376
(0.355-
0.398)

  0.379
(0.358-
0.402)

  0.367
(0.346-
0.389)

 

30< 74461 114 528497.25 0.21571 0.289
(0.24-
0.348)

  0.295
(0.245-
0.355)

  0.293
(0.243-
0.353)

  0.269
(0.223-
0.324)

 

Accumulated number of being underweight

0 2248457 8154 16047688.45 0.50811 1(Ref.) <0.0001 1(Ref.) <0.0001 1(Ref.) <.0001 1(Ref.) <.0001

1 50077 335 354086.38 0.9461 1.86
(1.668-
2.075)

  2.278
(2.04-
2.543)

  2.236
(2.003-
2.496)

  2.208
(1.978-
2.465)

 

2 28559 233 201932.53 1.15385 2.269
(1.992-
2.584)

  2.934
(2.573-
3.346)

  2.879
(2.524-
3.282)

  2.84
(2.49-
3.238)

 

3 25597 197 180870.79 1.08918 2.141
(1.859-
2.467)

  2.848
(2.47-
3.284)

  2.783
(2.413-
3.209)

  2.743
(2.379-
3.164)

 

4 43744 403 309112.94 1.30373 2.563
(2.319-
2.833)

  3.46
(3.125-
3.831)

  3.378
(3.051-
3.74)

  3.326
(3.004-
3.684)

 

TB: tuberculosis; IR: incidence rate; HR: hazard ratio; CI: con�dence interval; BMI: body mass index.

aModel 1: Non-adjusted.

bModel 2: adjusted for age and sex.

cModel 3: adjusted for Model 1+ smoking, drinking and regular exercise.

dModel 4: adjusted for Model 2+diabetes mellitus, hypertension and dyslipidemia.

Strati�ed analysis of the covariates on the association between BMI or accumulated number of underweight and occurrence of tuberculosis. The potential
impact of other independent factors on the association of accumulated number of underweight with occurrence of TB was evaluated by strati�ed analysis.
When we performed strati�ed analysis according to age, sex, DM, HTN, and WC in metabolic syndrome (MS), only age and sex were effect modi�ers, and the
trend in the association of accumulated number of underweight and occurrence of TB remained unchanged (Table 3).
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Table 3
The association of accumulated number of being underweight with occurrence of tuberculosis strati�ed by various independent factors.

  Accumulated number of being
underweight

N. TB Duration IR per
1000

Estimated HR

(95% CI)

p-value p for
interaction

Age                

20-39 0 1016130 2784 7254828.86 0.38374 1(Ref.) <0.0001 0.0081

1 33524 162 237713.29 0.68149 1.694 (1.441-1.991)    

2 20523 117 145599.57 0.80357 1.987 (1.645-2.4)    

3 19236 124 136333.74 0.90953 2.244 (1.867-2.698)    

4 33418 225 236914.54 0.94971 2.335 (2.026-2.692)    

40-64 0 1188218 4893 8494372.34 0.57603 1(Ref.) <0.0001  

1 15798 147 111500.76 1.31838 2.258 (1.915-2.661)    

2 7663 101 53923.95 1.87301 3.235 (2.655-3.942)    

3 6049 63 42535.48 1.48112 2.489 (1.94-3.193)    

4 9803 160 68873.4 2.3231 3.931(3.355-4.606)    

65≤ 0 44109 477 298487.25 1.59806 1(Ref.) <0.0001  

1 755 26 4872.33 5.33626 3.054 (2.054,4.543)    

2 373 15 2409.01 6.22661 3.494 (2.084,5.859)    

3 312 10 2001.57 4.99607 2.862 (1.527,5.366)    

4 523 18 3325 5.41354 2.962 (1.841,4.764)    

Sex                

Male 0 1722635 6330 12313526.09 0.51407 1(Ref.) <0.0001 <0.0001

1 23537 214 165917.89 1.28979 2.534 (2.211-2.905)    

2 12016 151 84597.6 1.78492 3.568 (3.035-4.195)    

3 10199 111 71655.97 1.54907 3.08 (2.551-3.717)    

4 16720 219 117699.64 1.86067 3.694 (3.226-4.23)    

Female 0 525822 1824 3734162.36 0.48846 1(Ref.) <0.0001  

1 26540 121 188168.49 0.64304 1.464 (1.214-1.765)    

2 16543 82 117334.93 0.69885 1.624 (1.297-2.034)    

3 15398 86 109214.82 0.78744 1.852 (1.486-2.31)    

4 27024 184 191413.3 0.96127 2.271 (1.939-2.66)    

DM                

No 0 2083711 7009 14887011.91 0.47081 1(Ref.) <0.0001 0.084

1 48489 319 343191.48 0.92951 2.245 (2.004-2.514)    

2 27814 213 196854.41 1.08202 2.726 (2.376-3.128)    

3 25007 190 176838.16 1.07443 2.768 (2.393-3.202)    

4 42908 381 303475.62 1.25546 3.252 (2.928-3.613)    

Yes 0 164746 1145 1160676.55 0.98649 1(Ref.) <0.0001  

1 1588 16 10894.9 1.46858 1.477 (0.901-2.422)    

2 745 20 5078.12 3.93846 4.237 (2.719-6.603)    

3 590 7 4032.62 1.73584 1.807 (0.859-3.802)    

4 836 22 5637.32 3.90256 4.071(2.664-6.22)    

HTN                

TB: tuberculosis; IR: incidence rate; HR: hazard ratio; CI: con�dence interval; DM: diabetes mellitus; HTN: hypertension; WC: waist circumference; MS:
metabolic syndrome.
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  Accumulated number of being
underweight

N. TB Duration IR per
1000

Estimated HR

(95% CI)

p-value p for
interaction

No 0 1800379 6203 12869752.79 0.48198 1(Ref.) <0.0001 0.0599

1 46688 298 330517.49 0.90162 2.129 (1.894-2.395)    

2 27059 209 191559.24 1.09105 2.68 (2.332-3.08)    

3 24428 186 172786.48 1.07647 2.699 (2.329-3.127)    

4 42009 366 297239.81 1.23133 3.105 (2.788-3.458)    

Yes 0 448078 1951 3177935.66 0.61392 1(Ref.) <0.0001  

1 3389 37 23568.89 1.56987 2.386 (1.723-3.305)    

2 1500 24 10373.29 2.31363 3.667 (2.45-5.489)    

3 1169 11 8084.3 1.36066 2.073 (1.145-3.751)    

4 1735 37 11873.13 3.11628 4.932 (3.558-6.838)    

WC

in MS

               

No 0 1860853 7111 13289090.35 0.5351 1(Ref.) <0.0001 0.4696

1 49608 334 350754.51 0.95223 2.08 (1.862-2.323)    

2 28412 232 200883.64 1.1549 2.656 (2.328-3.03)    

3 25415 196 179573.13 1.09148 2.565 (2.223-2.959)    

4 43713 402 308893.74 1.30142 3.111(2.808-3.446)    

Yes 0 387604 1043 2758598.1 0.37809 1(Ref.) 0.0105  

1 469 1 3331.87 0.30013 0.999 (0.141-7.104)    

2 147 1 1048.9 0.95338 5.246 (0.735-37.426)    

3 182 1 1297.66 0.77062 5.286 (0.738-37.854)    

4 31 1 219.2 4.5621 16.219 (2.289-
114.917)

   

TB: tuberculosis; IR: incidence rate; HR: hazard ratio; CI: con�dence interval; DM: diabetes mellitus; HTN: hypertension; WC: waist circumference; MS:
metabolic syndrome.

Association between weight change and occurrence of tuberculosis.

Based on the weight at the time of the national health examination from 2009 to 2010, we analyzed whether change in weight compared to the national health
examinations of the previous 4 years affects the occurrence of TB. Subjects who were underweight continuously had the highest incidence rate of TB,
followed by those who became underweight due to weight loss for any reason. This association remained consistent after adjusting for demographic factors
and underlying diseases (Table 4).
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Table 4
Association between weight change and occurrence of TB.

Weight
change

N. TB Follow-up

Duration,

Person-year

IR

per
1000

Model 1*,
HR

(95% CI)

p-
value

Model 2†,
HR

(95% CI)

p-
value

Model 3‡,
HR

(95% CI)

p-
value

Model 4§,
HR

(95% CI)

p-
value

No/Noa 2274478 835 16231908.2 0.51349 1
(Reference)

<0.001 1
(Reference)

<0.001 1
(Reference)

<0.001 1(Reference) <0.00

No/Yesb 29529 237 208208 1.13828 2.214
(1.946-
2.52)

  2.727
(2.395-
3.105)

  2.657
(2.334-
3.026)

  2.611
(2.292-
2.973)

 

Yes/Noc 35885 238 254106.21 0.93662 1.822
(1.602-
2.073)

  2.359
(2.071-
2.686)

  2.327
(2.044-
2.65)

  2.304
(2.023-
2.624)

 

Yes/Yesd 36542 512 399468.69 1.2817 2.494
(2.281-
2.726)

  3.297
(3.01-
3.612)

  3.22
(2.939-
3.527)

  3.168
(2.892-
3.471)

 

TB: tuberculosis; IR: incidence rate; HR: hazard ratio; CI: con�dence interval; DM: diabetes mellitus; HTN: hypertension; WC: waist circumference; MS:
metabolic syndrome.

* Model 1: Non-adjusted.

† Model 2: adjusted for age and sex.

‡ Model 3: adjusted for Model 1+ smoking, drinking and regular exercise.

§ Model 4: adjusted for Model 2+diabetes mellitus, hypertension and dyslipidemia.

aNo/No: BMI≥18.5 at the 1st National health examination/BMI ≥18.5 at the 4th National health examination.

bNo/Yes: BMI≥18.5 at the 1st National health examination/BMI <18.5 at the 4th National health examination.

cYes/No: BMI<18.5 at the 1st National health examination/BMI ≥18.5 at the 4th National health examination.

dYes/Yes: BMI<18.5 at the 1st National health examination/BMI <18.5 at the 4th National health examination.

Discussion
In this large-scale, population-based, longitudinal study, we found that being underweight was associated with increased occurrence of TB. Subjects with a
higher accumulated number of underweight also had a higher association with occurrence of TB.

Underweight has been shown to be associated with host susceptibility to TB in several studies. In a similar context, several studies have shown overweight
people to have a lower incidence of TB4–10. Lee et al. explored the prevalence rate of active TB among homeless people who had poor nutrition and unsafe
housing conditions in Seoul, Korea. In that study, underweight, de�ned as BMI <18.5, was an independent risk factor for active pulmonary TB4. Kim et al.
evaluated the association between BMI and incidence of TB and showed that incident TB decreased as BMI increased after adjusting for age, sex, income,
smoking, alcohol, and diabetes10. Badawi et al. performed systematic analysis of the relationship between obesity and TB and reported that the adjusted odds
ratio of TB was 4.96 in underweight people and 0.26 in obese people8. Another systematic literature review found a strong and consistent log-linear inverse
relationship between BMI and TB incidence in countries with a variety of TB burdens6. These studies were designed so that the subjects’ body weight was
assessed at a certain point in time, and that those subjects were followed for several years to observe whether TB develops. No data were collected on
possible weight loss or gain during the follow-up period.

However, monitoring of weight history is important in health outcomes. Weight �uctuation or weight cycling can indicate di�culty maintaining homeostasis
and re�ect changes in body composition such as fat mass or lean mass. These changes in weight might be associated with increased risk of all-cause
mortality, especially in older adults11–13.

Based on these studies, we further investigated whether the duration of underweight affects the occurrence of TB. We introduced the de�nition of
accumulated number of underweight and investigated whether the occurrence of TB increased as accumulated number of underweight increased. In addition,
we also checked whether there was a difference in occurrence of TB between those who gained weight and those who lost weight during the study period.

Our study found that the occurrence of TB was signi�cantly higher among those who had been underweight for a long time. In subjects with decrease in
weight compared to the result of a previous national health examination, the occurrence of TB was statistically signi�cantly increased. These results were
consistent even after all relevant factors were adjusted.

Underweight could be an indicator for undernutrition and a surrogate marker for frailty. It is well known that undernutrition is linked closely to cellular immune
function. Nutrition regulates changes in immune cells, which alter immunity in terms of infection response in human studies7,14−16. The results of experiments



Page 8/11

aiming to identify the underlying mechanism of these changes point to defects in T cell recirculation and proliferation and diminished production of protective
cytokines and anti-mycobacterial effector molecules7,17,18. Although the precise mechanisms by which undernutrition exerts these changes in immune cells
are not fully understood, leptin appears to be associated with immune function. Leptin is an obesity hormone produced by adipocytes that acts as a
neuroendocrine and immune mediator. It plays an important role in immune function by promoting differentiation to, and thereby increasing the number of, T
cells, which might reduce the risk of TB infection. In contrast, low plasma leptin in undernutrition was related to impairment of immune function, which might
increase the risk of TB infection19,20. An animal study demonstrated that leptin-de�cient mice had a higher risk of pulmonary TB infection21.

The strength of our study is that it is a nationwide, population-based study including a large study population of more than two million. Because of the high
participation rate of national health examinations, there is a small possibility of selection bias, and the results of this study have high generalizability. In
addition, the detailed personal data collected at baseline enabled us to stratify and adjust for relevant risk factors for TB. Furthermore, there was 1 year of time
lag between the latest record of weight/BMI calculation and TB diagnosis based on ICD codes. In general, retrospective cohort studies have a limitation of not
being able to determine cause-effect relationships, but by setting a time lag, the cause-effect relationship could be explained even in a retrospective study
design. Moreover, because our study collected body weight over four years, we could evaluate the time-varying effect of underweight on occurrence of TB.

Although TB is signi�cantly associated with malnutrition, especially in poorer countries or war-time conditions, this type of malnutrition does not occur or
occurs in a very small fraction of the population in Korea7. Mild to moderate undernutrition can affect large fractions of the population at risk for TB in Korea.
This risk relative to speci�c levels of undernutrition should be de�ned. Our study presented the concept of accumulated number of underweight and indirectly
suggested the severity of the undernutrition condition through these numbers. Latent tuberculosis infection (LTBI) is considered a critical factor for high TB
prevalence in Korea. Therefore, programmatic management of LTBI is one of the key strategies of national TB control programs, and LTBI management
focusing on this strategy has expanded every year. The most important strategy of LTBI management is prioritization of the target population, those who were
at high risk of developing TB22,23. Based on the results of this study, it is expected that LTBI treatment could be considered in those who have maintained low
BMI for several years.

There are several limitations to our study. First, the universal validity of our results might be in question because almost all of our study subjects were Korean.
The generalizability of our �ndings to other non-Asian ethnic groups requires further investigation. Second, we had no information about the effect of body
composition. Lean mass and fat mass would have different effects on development of TB. However, BMI or underweight does not distinguish between
adipose fat, muscle, bone, and water. To overcome this limitation, we performed strati�ed analysis according to WC and MS to minimize the effect of
adiposity. Third, since an experimental study was not carried out, we could not elucidate the exact pathophysiology of the effect of duration of underweight on
occurrence of TB. More research is needed to clarify the pathophysiology, focusing on TB and impairment of immune function according to accumulated
number of underweight.

In conclusion, accumulated number of underweight had a statistically signi�cant association with occurrence of TB even after adjusting for various
independent factors.

Methods
Data source and study populations. In Korea, the Korean National Health Insurance Service (NHIS), a single insurer managed by the Korean government,
provides a mandatory universal health insurance to 97% of the population. The NHIS provides free biennial national health examination programs, which
include a general health examination for all citizens aged 40 and above and all employees older than 20 years.

These exams include anthropometric measurements (i.e., height, weight, and waist circumference [WC]); blood pressure (BP); laboratory measurements; and
lifestyle information. The NHIS also keeps medical data, including diagnostic codes, procedures and operations, prescription drugs, and intractable diseases
including cancer.

Our study used the health examination data and medical data from the NHIS. We included the data of people who received a health examination through the
NHIS between 1 January 2009 and 31 December 2010, and who had received health examinations for four consecutive years prior to 2009. We excluded
individuals with a prior diagnosis of TB during the 4 years prior to 2009, those with any missing variables, and those who were diagnosed with TB or died
within one year after the national health examination. Included populations in the analysis were followed until 31 December 2017.

The present study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki, as revised

in 1983. The Institutional Review Board (IRB) of Soongsil University approved this study (SSU-202007-HR-236-01). The IRB has approved a waiver of the
requirement to obtain informed consent from research participants.

Measurement and de�nitions. During the national health examination, height, weight, and WC were measured. Body mass index (BMI) was calculated by
dividing weight (kg) by height (m) squared and was classi�ed as underweight (< 18.5 kg/m2), normal to overweight (18.5–24.9 kg/m2), or obese (≥ 25
kg/m2) by WHO24,25. Accumulated number of underweight was de�ned as the number of times recorded as underweight at the national health examination
during the four consecutive years prior to the health examination in 2009-2010. We investigated the accumulated number of underweight of the included
population. Study populations responded to a standardized self-administered questionnaire regarding past medical history and lifestyle behaviors such as
smoking, drinking, and physical activities. Smoking status was classi�ed into never smoker, ex-smoker, and current smoker. Drinking was divided into none,
mild (< 30 g of alcohol/day), and heavy (≥ 30 g/day) drinking. Regular exercise was de�ned as moderate physical activity for more than 30 min more than 5
days per week over the previous week. The insurance premiums were determined by income level, and we de�ned the low-income group as subjects whose
incomes would be less than the bottom 20 percent of the insured group.
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Baseline co-morbidities included hypertension (HTN), diabetes mellitus (DM), and dyslipidemia. These diseases were de�ned using physician diagnosis or use
of medication based on self-reporting. HTN was de�ned as systolic blood pressure (BP) ≥ 140 mmHg, diastolic BP ≥ 90 mmHg, or use of antihypertensive
drugs with a prior diagnosis (International Classi�cation of Diseases, Tenth Revision, Clinical Modi�cation [ICD-10-CM] codes I10-13, I15). BP was measured
after the subjects had been seated for 5 min with the arm in the appropriate position. Similarly, DM was de�ned as a prior diagnosis (ICD-10-CM codes E11-14)
and treatment with glucose-lowering agents or as overnight fasting plasma glucose ≥ 126 mg/dL. Dyslipidemia was de�ned as a prior diagnosis (ICD-10-CM
code E78) and treatment with statins or as total cholesterol ≥ 240 mg/dL. De�nition of WC in metabolic syndrome (MS) which re�ects abdominal obesity was
that WC ≥90 cm for men, or ≥85 cm for women26,27.

Study outcomes and follow-up. The primary outcome of the study was occurrence of newly diagnosed TB according to accumulated number of underweight.
The NHIS provided additional insurance coverage for all patients diagnosed with cancer and some intractable diseases such as TB to enhance bene�t
coverage from the year 2010. Speci�c insurance codes were applied mandatorily to patients with TB after con�rmation of diagnosis28,29. The cohort was
followed from 1 year after the health examination date to the date of occurrence of TB or until the end of the study period (31 December 2017). The secondary
outcome of the study was the occurrence of newly diagnosed TB according to weight change.

Statistical analysis. Continuous variables were presented as mean ± standard deviation, and categorical variables were presented as number (%).Values were
compared using the one-way analysis of variance test for continuous variables and the χ2 test for categorical variables. The cumulative incidence probability
of all-cause mortality was estimated using the Kaplan–Meier method, and between-group comparisons of the resulting curves were subjected to a univariate
analysis via the log-rank test. Cox proportional hazards analyses were performed to evaluate the association of accumulated number of underweight with
occurrence of TB, and the associations were calculated as hazard ratio (HR) and 95% con�dence interval (CI). A multivariable-adjusted proportional hazards
model was applied: (1) Model 1 was unadjusted; (2) Model 2 was adjusted for age and sex; (3) Model 3 was additionally adjusted for smoking, drinking, and
regular exercise; and (4) Model 4 was further adjusted for DM, HTN, and dyslipidemia. In addition, strati�ed analysis according to sex, age, presence of DM,
presence of HTN, and WC in MS was performed because these factors have a signi�cant impact on TB. Statistical analyses were conducted using SAS
software (Version 9.4; SAS Institute, Cary, NC, USA), and a P-value < 0.05 was considered statistically signi�cant.
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Figure 1

Study population.

Figure 2

Kaplan–Meier estimation of the cumulative incidence probability of TB. The analyses are strati�ed by (a) 5 baseline BMI categories and (b) 5 accumulated
number of being underweight.


