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Context: The relationship between vitamin D status and pulmonary function has not been inves-
tigated for an East Asian population.

Obijective: The aim of the present study was to examine the relationship of serum 25-hydroxyvi-
tamin D [25(OH)D] with lung function in Korean adults.

Design and Setting: The analysis used data from the Korea National Health and Nutrition Exam-
ination Survey (KNHANES), a cross-sectional survey of Korean civilians, conducted from 2008 to
2010.

Participants: A total of 10 096 people aged 19 years and older were selected from 16 administrative
districts in South Korea.

Main Outcome Measures: Serum 25(0OH)D levels with lung function [forced expiratory volume in
1 second (FEV,) and forced vital capacity (FVC)].

Results: Serum 25(0OH)D concentration was positively associated with lung function after control-
ling for age, sex, height, and season. For FEV, and FVC, the differences between top and bottom
quartiles in 25(0OH)D were 51 mL (SE, 17 mL, P trend <.001) and 58 mL (SE, 20 mL, P trend <.005)
greater volume, respectively. Association of serum 25(OH)D with FEV, and FVC was only slightly
attenuated after adjustment for body mass index, lifestyle and socioeconomic factors, and respi-
ratory illness. The subjects with a history of pulmonary tuberculosis showed a much higher increase
in FEV,; the difference between top and bottom quartiles in 25(0OH)D was 229 mL (SE, 87 mL,
P trend <.01).

Conclusion: Serum 25(0OH)D levels have a positive correlation with pulmonary function. This re-
lationship appears prominent in subjects with susceptibility to pulmonary tuberculosis. (J Clin
Endocrinol Metab 98: 1703-1710, 2013)

t has been well established that vitamin D is important
for bone health (1). Recent evidence suggests that ad-
equate vitamin D levels reduce the risk for various ailments
such as cancer and cardiovascular, autoimmune, and re-
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spiratory diseases (2). Observational population studies
on the relationship between lung function and vitamin D
concentrations have shown mixed results. Two national
studies performed in the United States (3) and United

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease;
25(0OH)D, 25-hydroxyvitamin D; FEV;, forced expiratory volume in 1 second; FVC, forced
vital capacity; KNHANES IV, Fourth Korea National Health and Nutrition Examination Sur-
veys; PSU, primary sampling unit; TB, tuberculosis.
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Kingdom (4) indicated that higher vitamin D status, ie,
serum 25-hydroxyvitamin D [25(OH)D] concentrations,
is associated with improved lung function. However, this
relationship was not confirmed in a recent cross-sectional
study of older adults in the United Kingdom (5).

The relative risk for upper respiratory tract infection
was elevated among participants with severe vitamin D
deficiency, and the association appeared stronger for those
with asthma and chronic obstructive pulmonary disease
(COPD) (6). Vitamin D deficiency was extensive in pa-
tients with asthma (7), COPD (8), and pulmonary tuber-
culosis (TB) (9). Although the precise mechanism is un-
clear, vitamin D is an important innate immune modulator
that influences barrier function for viral and bacterial in-
fection (10, 11). In addition, vitamin D restrains inflam-
mation in the airways to maintain respiratory health (12).

Despite observational studies and laboratory evidence,
the results of clinical trials using vitamin D supplements to
prevent respiratory diseases are not definitive (13, 14).
Current recommended 25(OH)D levels are based on bone
health, and levels for optimal immunological outcome
(nonskeletal) measures are currently unknown.

The prevalence of vitamin D deficiency has increased
worldwide during the last few decades (15, 16), and Korea
is no exception. A nationwide survey conducted in 2008
revealed that vitamin D insufficiency (<20 ng/mL) was
55.9% with the most common cases occurring in the 20-
to 29-year age group (17). Among the Korean population,
it has been suggested that vitamin D deficiency is a risk
factor for metabolic syndrome (18) and various cardio-
vascular diseases (19). However, the relationship between
vitamin D status and pulmonary function has not been
thoroughly studied in Korea. The aim of the present study
was to examine the relationship of serum 25(OH)D with
lung function in Korean adults.

Subjects and Methods

Study population

This study was based on data obtained from the second
(2008) and third years (2009) of the Fourth Korea National
Health and Nutrition Examination Surveys (KNHANES IV) and
the first year (2010) of KNHANES V. KNHANES was a cross-
sectional survey designed to examine the health and nutritional
status of the noninstitutionalized Korean population conducted
by the Division of Chronic Disease Surveillance, Korea Centers
for Disease Control and Prevention (KCDC). Data were col-
lected by a variety of means including household interviews,
physical examinations, and nutritional status assessment.
KNHANES followed a multistage cluster probability sampling
design to ensure an independent and homogeneous sampling for
each year in addition to nationally representative sampling. The
sampling frame for KNHANES IV (2007-2009) relied upon
2005 Population and Housing Census data, whereas KNHANES
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V (2010-2012) used 2009 Registered Population and 2008
apartment complex price data. The primary sampling units
(PSUs) for KNHANES IV and non-apartment complex of
KNHANES V were enumeration districts consisting of 60 house-
holds on average. The apartment complex PSU of KNHANES V
consisted of an average of 120 apartment housing units. There
were 264 186 PSUs in KNHANES IV and 201 677 PSUs in
KNHANES V. For sampling, PSUs were divided into 42 strata
based on administrative region, city (rural or urban), and house
type. Per year, 200 and 192 PSUs were selected in KNHANES IV
and KNHANES V, respectively. Within a PSU, 20 to 23 final
target households were sampled from the dwelling unit list of the
PSU by systematic sampling.

Among 29 235 subjects age 19 and older, we constrained
eligibility to those who successfully completed spirometry tests
(n =18 526). The subjects without 25(OH)D measurement (n =
597) or those exhibiting estimated glomerular filtration rate <30
mL/min (n = 16) were excluded from the study. A total of 10 096
participants were eligible for our study. The presence of asthma
and pulmonary TB was determined by their response to the fol-
lowing question: “Have you ever been diagnosed with asthma
(or pulmonary TB) by a physician?” All examination (or testing)
protocols were approved by the KCDC Institutional Review
Board with each subject providing written informed consent be-
fore participating.

Measurement of serum 25(0OH)D

Levels of the serum 25(OH)D were assayed according to an
agreed upon protocol. Blood samples were collected from each
participant during the survey, processed, immediately refriger-
ated, and transported in cold storage to the Central Testing In-
stitute in Seoul, Korea. All blood samples were analyzed within
24 hours after arrival at the testing facility. Serum 25(OH)D
levels were measured by RIA (DiaSorin, Stillwater, Minnesota)
using a y-counter (1470 Wizard; PerkinElmer, Turku, Finland).
The interassay coefficients of variation were 11.7%, 10.5%,
8.6%, and 12.5% at 8.6, 22.7, 33.0, and 49.0 ng/mL.

Measurement of lung function

Lung function was measured using a dry rolling seal spirom-
eter (model 2130; SensorMedics, Yorba Linda, California) ac-
cording to the American Thoracic Society/European Respiratory
Society criteria for standardization (20). Spirometric data ob-
tained on site by clinical technicians were transferred to an in-
ternet review center for processing. The data were carefully ex-
amined and compared against criteria metrics for acceptability,
reproducibility, and quality control. A principal investigator val-
idated and stored the data in a KCDC repository management
system. Obstructive lung disease is defined by a decrease below
70% of the forced expiratory volume in 1 second (FEV, )/forced
vital capacity (FVC).

Statistical analyses

Data were analyzed using the survey procedures of SAS ver-
sion 9.2 (SAS Institute Inc, Chicago, Illinois). To produce an
unbiased national estimate, a sample weight was assigned for the
participating individuals to represent the Korean population.
Sampling weights were constructed to account for the complex
survey design, survey nonresponse, and poststratification. First,
sampling was reflected by sampling weights with inverse prob-
ability of selection for PSUs and households. The inverse prob-
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ability of selection was then adjusted for household and indi-
vidual nonresponse. In addition to the survey design and
nonresponse adjustments, the weights were modified by adjust-
ment for sex and age demographics.

For analysis of the relationship between 25(OH)D and lung
function, potential confounders were categorized. Body mass
index (BMI) was categorized as <23,23to <25,and =25 kg/m?,
which are the cutoff points for, respectively, normal (including
underweight), overweight, and obesity for Asian populations.
Cigarette use was divided into 3 categories: current smoker, past
smoker, and no history of smoking, which correlated to fewer
than 100 cigarettes ever smoked. Subjects who had smoked 100
or more cigarettes were classified as past or current smokers,
based on current use estimates. Occupation was classified into 4
groups: clerical (sales and service, clerical staff, administration,
and specialists), manual (agriculture, forestry, fishery, and man-
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ual labor), technical (engineering, assembling, and technical
work), and unemployed (no job, students, housewives). The cri-
teria for season, regular exercise, and residential area were de-
scribed by a previous study (17).

The differences in social and lifestyle factor means were eval-
uated using linear regression. The mean for 25(OH)D was stan-
dardized by sex and age. The means for FEV, and FVC were
standardized by sex, age, and height. Analysis of covariance,
with age and sex as covariate variables, was used to examine
group difference for various types of respiratory disease. The
association of 25(OH)D with FEV, and FVC was modeled by
multiple linear regression or logistic regression in the presence of
respiratory disease. Deviations of linearity across quartiles of
25(OH)D were assessed by the likelihood test for the quadratic
term. All tests were 2-sided, with P < .05 being considered sta-
tistically significant.

Table 1. Serum 25(0OH)D and Lung Function by Social and Lifestyle Characteristics (n = 10 096)?

Variable n 25(OH)D, ng/mL P Value FEV,, mL P Value FVC, mL P Value
25(0OH)D, ng/mL <.0001 <.05 .0737
<10 636 8.6(0.1) 2809 (24) 3553 (28)
10 to <20 5384 15.2 (0.1) 2815 (8) 3574 (10)
20 to <30 3274 24.0 (0.1) 2850 (9) 3606 (11)
=30 802 33.9(0.2) 2850 (20) 3619 (23)
Gender <.0001 <.0001 <.0001
Male 4569 20.6 (0.2) 3046 (11) 3887 (14)
Female 5527 17.5(0.2) 2611 (9) 3286 (11)
Age, y <.0001 <.0001 <.0001
19-39 1928 17.1(0.3) 3254 (14) 3858 (15)
40-69 7040 19.4(0.2) 2838 (8) 3611 (9)
=70 1128 19.8 (0.4) 2292 (19) 3162 (19)
BMI, kg/m2 .3872 <.0001 <.0001
<23 3619 19.2 (0.2) 2773 (10) 3541 (12)
23 to <25 2706 18.9(0.2) 2853 (9) 3620 (11)
=25 3757 19.0(0.2) 2864 (9) 3603 (11)
Smoking .0656 <.01 .4003
Never 5885 19.2 (0.2) 2856 (10) 3572 (12)
Ex-smoker 1929 19.3(0.3) 2811 (17) 3584 (19)
Current 2262 18.6 (0.3) 2800 (14) 3600 (16)
Exercise® <.0001 <.005 <.0001
No 7389 18.8(0.2) 2819 (7) 3572 (8)
Yes 2664 19.9 (0.3) 2857 (11) 3628 (12)
Occupation® <.0001 <.0001 <.0001
Clerical 3212 18.4(0.2) 2857 (10) 3597 (12)
Manual 2036 20.9 (0.4) 2817 (14) 3611 (16)
Technical 1092 19.7 (0.3) 2869 (17) 3656 (19)
Unemployed 3694 18.5(0.2) 2793 (11) 3537 (13)
Region® <.0001 6334 .1562
Rural 2534 20.8 (0.4) 2827 (13) 3607 (16)
Urban 7562 18.6 (0.2) 2829 (7) 3580 (9)
Season <.0001 .3648 .2357
Spring 2574 16.2 (0.2) 2816 (13) 3579 (16)
Summer 2700 21.8(0.3) 2821 (12) 3568 (16)
Fall 2672 21.0(0.3) 2835 (10) 3590 (13)
Winter 2150 16.8(0.2) 2847 (15) 3614 (17)

@ Data are expressed as mean (SE). 25(0H)D was adjusted for age and sex. FEV, and FVC were adjusted for age, sex, and height. P values are

associated with analysis of covariance.

b Exercise was consistently defined as either moderate or severe (for more than 30 minutes at a time and more than 5 times per week in the case
of moderate exercise; for more than 20 minutes at a time and more than 3 times per week in the case of severe exercise).

€ Occupations were classified as clerical (sales and service, clerical staff, administration, and specialists), manual (agriculture, forestry, fishery, and
manual labor), technical (engineering, assembling, and technical work), and unemployed (no job, students, and housewives).

4 Regions were designated as rural (Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju) and urban (Seoul,

Gyeonggi, Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) areas.
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Table 2. Serum 25(0OH)D According to Respiratory
Diseases
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increased with advancing age, whereas lung function in-
dicated decreasing trends. There were significant seasonal
variations in 25(OH)D, which was highest during the

n 25(0H)D*  Pvalue® summer, followed by autumn, winter, and spring. The
AS:(ZTaC 335 18.6 (0.5) 977 data analysis did not indicate significant seasonal differ-
No 9747 19.1(0.2) ' ences in FEV, and FVC (Table 1). As for respiratory dis-
Airway obstruction® eases, the subjects with a history of asthma failed to show
Lgs ;822 ]gg Egg; <.05 significant differences in 25(OH)D (Table 2). However,
Pulmonary TB® o subjects with airway obstruction or a history of pulmo-
Yes 556 18.2 (0.4) <.05 nary TB showed significantly lower levels of 25(OH)D
No 9526 19.1(0.2) (P < .05) (Table 2).

@ 25(0OH)D is expressed as mean (SE), adjusted for age, sex, and
season.

b Pvalues represent Student's t test.
€ Asthma was defined by physician diagnosis history of asthma.
4 Airway obstruction was defined by FEV,/FVC of less than 70%.

¢ Pulmonary TB was defined by physician diagnosis history of
pulmonary tuberculosis.

Results

The serum 25(OH)D levels and lung functions of subjects
according to baseline characteristics are shown in Table 1.
Of the 10 096 subjects, 636 (6.3%) had serum 25(OH)D
levels less than 10 ng/mL, 5384 (53.3%) were in the 10 to
<20 ng/mL group, 3274 (32.4%) in the 20 to <30 ng/mL
group, and only 802 (7.9%) in the group of >30 ng/mL.
The serum 25(OH)D level was significantly higher in
males, and their lung function was better compared with
females. Regular exercise positively influenced the serum
25(OH)D and lung function (P < .001), whereas cigarette
smoking and BMI appeared to have an insignificant effect.
Occupation and residence also influenced the 25(OH)D,
FEV,, and FVC values. The 25(OH)D showed trends that

Quartile (Q) cutoff values of 25(OH)D (ng/mL) were
Q1 < 15.3, Q2 15.3 to <19.6, Q3 19.6 to <24.9, and
Q4=24.9formen,and Q1 <12.8,Q212.8t0<16.5,Q3
16.5 to <21.4, and Q4 = 21.4 for women.

There was a strong association of 25(OH)D with both
FEV, and FVC, which persisted after adjusting for all
other variables (Table 3). After controlling for age, sex,
height, and season, 25(OH)D was positively associated
with lung function. For FEV, and FVC, differences be-
tween top and bottom quartiles in serum 25(OH)D levels
were 51 mL (SE 17, P trend <.001) and 58 mL (SE 20, P
trend <.005), respectively (model 1). Although mean dif-
ferences were decreased, these increased trends were main-
tained after additional adjustment for smoking and exer-
cise (model 2), BMI, occupation, and region (model 3) as
well as 3 respiratory diseases: asthma, pulmonary TB, and
obstructive lung disease (model 4).

As seen in Table 4, after adjusting for potential con-
founders (model 3), the subjects with a history of pulmo-
nary TB displayed a much higher increase in FEV,, the
differences between top and bottom quartiles in 25(OH)D
were 229 mL (SE 87, P trend <.01). However, subjects

Table 3. Mean Difference (SE) in FEV, and FVC by Serum 25(0OH)D Quartile®

25(OH)D Quartile®

Q1 (n = 2520) Q2 (n = 2525) Q3 (n = 2523) Q4 (n = 2526) P Value* P for Trend

FEV,, mL

Model 1 0 20 (16) 47 (16)f 51 (17)f <.01 <.001

Model 2 0 14 (17) 48 (16)¢ 45 (18)f <.01 <.005

Model 3 0 13(17) 46 (16)f 48 (18)° <.01 <.005

Model 4 0 19 (16) 32 (16)¢ 38 (16)¢ 106 <.05
FVC, mL

Model 1 0 16 (19) 47 (19)¢ 58 (20)f <.05 <.005

Model 2 0 13 (20) 49 (16)¢ 54 (21)¢ <.05 <.005

Model 3 0 11 (19) 46 (19)¢ 54 (20)¢ <.05 <.005

Model 4 0 13(19) 43 (19)¢ 51 (20)¢ <.05 <.005

@ Model 1 was adjusted for age, sex, height, and season; model 2 as model 1, with additional adjustment for smoking and exercise; model 3 as
model 2, with additional adjustment for BMI, occupation, and region; model 4 as model 3, with additional adjustment for asthma, airway
obstruction, and pulmonary TB.

® Quartile 1 (Q1) <15.3, Q2 15.3to <19.6, Q3 19.6 to <24.9, Q4 =24.9 for men; Q1 <12.8, Q2 12.8 t0 <16.5, Q3 16.5t0 <21.4, Q4 =21.4
for women.

€ Pvalues are associated with analysis of covariance.
4-f For comparison with lowest vitamin D quartile: ¢ P < .05; ¢ P < .01; f P < .005.
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Table 4. Mean Difference (SE) in FEV, by Serum 25(0OH)D Quartile According to Respiratory Diseases®
25(0OH)D Quartile®
n Q1 Q2 Q3 Q4 P Value® P for Trend
Asthma
Yes 335 0 94 (100) 152 (105) 66 (121) 431 476
No 9747 0 14(17) 41 (17)4 48 (18)°¢ <.05 <.005
Airway obstruction
Yes 1060 0 (57) 129 (57)¢ 65 (66) 142 .269
No 9036 0 11 (16) 26 (16) 36 (17)¢ 173 <.05
Pulmonary TB
Yes 556 0 86 (69) 139 (72) 229 (87)¢ .055 <.01
No 9526 0 7(17) 35 (16) 35(17)¢ .062 <.05

@ FEV, was adjusted for age, sex, height, season, smoking and exercise, BMI, occupation, and region. Asthma was defined by physician diagnosis
history of asthma. Airway obstruction was defined by FEV,/FVC of less than 70%. Pulmonary TB was defined by physician diagnosis history of

pulmonary TB.

b Quartile 1 (Q1) <15.3, Q2 15.3 to <19.6, Q3 19.6 to <24.9, Q4 =24.9 for men; Q1 <12.8, Q2 12.8 to <16.5, Q3 16.5t0 <21.4, Q4 =21.4

for women.
€ Pvalues are associated with analysis of covariance.
d¢ For comparison with lowest vitamin D quartile: ¢ P < .05; ¢ P < .01.

with an asthma history or who had obstructive lung func-
tion did not exhibit significant correlation between
25(OH)D and pulmonary function. Participants without
respiratory diseases persistently showed a positive asso-
ciation for 25(OH)D with both FEV, and FVC. The dif-
ferences of FVC between top and bottom quartiles in
25(OH)D were insignificant among subjects with a his-
tory of pulmonary diseases, even for those with a history
of TB (Table 5). As shown in Figure 1, FEV, (A) and FVC
(B) steeply increased until 5 to 10 ng/mL of 25(OH)D and
slowed when 25(OH)D over 20.0 to 25.0 ng/mL.

Discussion

We found a robust positive association between serum
25(OH)D level and lung function in Korean adults. This

association was independent of age, sex, BMI, lifestyle
(smoking and regular exercise), occupation, residence,
season, and some respiratory diseases. This relationship
was also shown in 2 cross-sectional population studies in
the United States and United Kingdom (3, 4); top and
bottom quartile differences in 25(OH)D increased 48 mL
in FEV, less than that reported in the United Kingdom (93
mL) and United States (126 mL) studies. These small dif-
ferences in the Korean population have not been fully ex-
plained, but it may be partially because average levels of
25(OH)D in the Korean population (18.7 ng/mL) were
strictly lower than the United Kingdom (21.0 ng/mL) and
United States (31.0 ng/mL) results.

In the present study, subjects with a history of pulmo-
nary TB had lower 25(OH)D than those without a pul-
monary TB background. Furthermore, in subjects with a

Table 5. Mean Difference (SE) in FVC by Serum 25(OH)D Quartile According to Respiratory Diseases?

25(OH)D Quartile®

n Q1 Q2 Q3 Q4 P Value€ P for Trend

Asthma

Yes 335 0 10 (91) 39(97) 78 (108) .64 619

No 9747 0 15 (20) 46 (19)¢ 59 (21)¢ <.05 <.005
Airway obstruction

Yes 1060 0 (68) 119 (69) 27 (71) 254 467

No 9036 0 11 (20) 38 (20) 53 (21)¢ <.05 <.01
Pulmonary TB

Yes 556 0 45 (74) 124 (82) 109 (83) .396 118

No 9526 0 8 (20) 37 (20) 47 (21)d .065 <.05

@ FVC, forced vital capacity, adjusted for age, sex, height, season, smoking and exercise, body mass index, occupation, and region. Asthma was
defined by physician diagnosis history of asthma. Airway obstruction was defined by FEV,/FVC of less than 70%. Pulmonary TB was defined by
physician diagnosis history of pulmonary TB.

® Quartile 1 (Q1) <15.3, Q2 15.3to <19.6, Q3 19.6 to <24.9, Q4 =24.9 for men; Q1 <12.8, Q2 12.8 t0 <16.5, Q3 16.5t0 <21.4, Q4 =21.4
for women.

€ Pvalues are associated with analysis of covariance.
d¢ For comparison with lowest vitamin D quartile: ¢ P < .05; © P < .005.
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A FEV, B FVC suggest relatively modest elevations

3.5- 40- of serum 25(OH)D might be effective
for the prevention of TB.

3.0- 35+ South Korea’s TB control remains at

E E developing country levels, and vitamin

i Q A D deficiency is similar to the age distri-

i 516 - 55 bution for new cases of TB, following a

7 bimodal distribution with the first peak

T 7 20— occurring in the patient’s 20s (17, 26).

PN N N I I o » BSOS DS The present study suggests that vitamin

LRSI ’9.

25-Hydroxyvitamin D (ng/ml)

Figure 1. Relationship between serum 25(0OH)D and lung function in Korean adults. FEV1 (A)
and FVC (B) increased steeply until 5 to 10 ng/mL of 25(0H)D and slowed when 25(0OH)D over

20.0 to 25.0 ng/mL.

history of TB, the difference between 25(OH)D top and
bottom quartiles increased 229 mL in FEV,, which was
significantly larger than quartile differences in subjects
without a pulmonary TB history. Among participants
with a history of TB, only 1.5% of them were taking an-
ti-TB medication. Therefore, it should be unlikely that
serum 25(OH)D level was influenced by the administra-
tion of treatment regimen on TB. These results suggest that
the susceptibility of pulmonary TB might be related to
vitamin D deficiency and also that vitamin D therapy may
be beneficial for lung function in this population. Al-
though there has been some evidence to the contrary, a
recent meta-analysis demonstrated that participants with
TB had significantly lower serum 25(OH)D (9). The pre-
cise mechanism for this phenomenon remains unknown,
but it has been suggested that vitamin D accelerates re-
covery from infection by enhancing innate immunity via
up-regulation of antimicrobial peptides (21). Another
possible mechanism is that 1a,25-dihydroxyvitamin D;
down-regulates expression and secretion of matrix met-
alloproteinase enzymes implicated in degradation of pul-
monary extracellular matrix in TB patients (22).

In fact, vitamin D therapies improved TB outcomes,
characterized by increased in vitro activity against Myco-
bacterium bovis (23), sputum conversion, and radiologi-
cal improvement (24) or solution of the inflammatory re-
sponse during TB treatment (11). Another prospective
study suggests that vitamin D deficiency predisposes to
active TB. Among healthy TB contact within the family,
extreme vitamin D deficiency (<7 ng/mL) at baseline
was associated with increased risk of active TB progres-
sion over the subsequent 4 years of follow-up (25).
Comparing highest tertile (>13 ng/mL) with the lowest
tertile (<7 ng/mL), relative risk of active TB progression
was 5 times as much; moreover, there were no active TB
progressions in 25(OH)D >13 ng/mL. These results

25-Hydroxyvitamin D (ng/ml)

DA
D therapy might be beneficial as a pre-
ventive or adjunctive for TB therapy in
Korean patients.

Many studies have revealed that vi-
tamin D deficiency increases the risk of
severe asthma exacerbation by damp-
ening the inflammatory immune response (27, 28). How-
ever, the present study indicates that the difference in FEV,
between the top and bottom quartiles of serum 25(OH)D
was insignificant for both subjects with obstructive lung
function and those with an asthma history. Other cross-
sectional studies also reported similar results in subjects
with chronic bronchitis or emphysema in relation to serum
25(OH)D concentrations (3). However, a prospective co-
hort study revealed that bronchiectasis patients with vi-
tamin D deficiency (<10 ng/mL) suffered more frequent
exacerbation and greater percentage of FEV, decline over
a 3-year period (29). Another cohort study of elderly men
reported that vitamin D sufficiency (vitamin D =20 ng/
mL) appeared to have a protective effect on lung function,
and the rate of lung function declined in smokers over a
20-year time span, modifying the smoking effects over this
period (30). Trials with high-dose vitamin D supplemen-
tation in severe COPD patients did not reduce the inci-
dence of exacerbations, but in participants with severe
vitamin D deficiency at baseline (<10 ng/mL), vitamin D
supplementation showed a significant reduction in exac-
erbations of 43% over 1 year (13). Additional trials dem-
onstrated that vitamin D supplement does not reduce the
incidence of upper respiratory tract infection in healthy
adults who have sufficient levels of 25(OH)D (mean base-
line level was 29 ng/mL) (14). One of the possible causes
of these inconsistent findings could be the fact that the
required vitamin D level for respiratory health is relatively
lower than current recommendations based on skeletal out-
come. There is no consensus about optimal serum 25(OH)D
levels for nonskeletal health. The Institute of Medicine sug-
gested a level of 20 ng/mL as adequate to prevent adverse
skeletal health (31). The National Osteoporosis Foundation,
International Osteoporosis Foundation, and American Ge-
riatrics Society suggest that a minimum level of 30 ng/mL is
necessary (32). In the present study, even as improved lung
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function trends were maintained, the increment of pulmo-
nary function was noticeably slowed when 25(OH)D ex-
ceeded 16.5 to 24.9 ng/mlL.

The present study does have several limitations. First,
because this study is cross-sectional, we cannot rule out
reverse causality as an explanation for the observed asso-
ciations. Second, the prevalence of asthma and pulmonary
TB could incorporate misclassification bias because they
were based on participants’ reports of their physicians’
diagnosis. However, the Korean national TB surveillance
system has been ongoing since 1965, and it is likely that
physician diagnosis appraisal is fairly accurate compared
with other countries. Regardless, our findings require con-
firmation by other studies where the diagnosis of asthma
and TB are based on objective criteria rather than self-
reported physician diagnosis. Third, the overall low
25(OH)D participant level constrains our ability to ade-
quately estimate optimal 25(OH)D levels for lung func-
tion. Fourth, data on sun exposure and dietary or supple-
mentary vitamin D intake were not available.

Our study represents the first to determine the relation-
ship between lung function and vitamin D based on a
national representative population in Korea. Although
59.6% of our present study participants recorded
25(OH)D levels below 20 ng/mL, vitamin D status con-
tinues to have a positive relationship with lung function.
In particular, this relationship is prominent in subjects
susceptible to pulmonary TB. Considering that the prev-
alence of TB in Korea has remained high in comparison
with those of other the Organization for Economic Co-
operation and Development countries (26), this study sug-
gests a practical role of vitamin D in the clinical field of TB.
Additional research is needed to determine the required
vitamin D level for respiratory health and protective roles
of vitamin D in other respiratory diseases.
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