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Vitamin D is classically recognized for its role in calcium homeostasis and skeletal metabolism. Over the last few decades, vitamin D deficiency has

increased in prevalence in adults and children. Potential extraskeletal effects of vitamin D have been under investigation for several diseases.

Several cross-sectional studies have associated lower vitamin D status with decreased lung function. This finding has prompted investigators to

examine the association of vitamin D deficiency with several chronic lung diseases. One major focus has been the link between maternal vitamin

D status and childhood asthma. Vitamin D deficiency has also been associated with increased risk of respiratory infection from influenza A and

Mycobacterium tuberculosis. Other chronic respiratory diseases associated with vitamin D deficiency include cystic fibrosis, interstitial lung disease,

and chronic obstructive pulmonary disease. This review will examine the current clinical literature and potential mechanisms of vitamin D in

various pulmonary diseases. Adv. Nutr. 2: 244-253, 2011.

Introduction

Vitamin D is a seco-steroid hormone important in bone min-
eralization and calcium homeostasis. Recently, research has
found that vitamin D may play a role in multiple chronic dis-
eases such as cancer, autoimmune diseases, infections, and car-
diovascular disorders (1,2). Vitamin D may also have a role in
several diseases involving the respiratory system. Higher vita-
min D concentrations, assessed by 25-hydroxyvitamin D [25
(OH)D],” have been associated with better lung function as
measured by forced expiratory volume in 1 s (FEV;) in a large
cross-sectional study of the U.S. population in the NHANES
I (3) Although the precise connection between vitamin D
status and lung function is unclear at this point, the mecha-
nism by which vitamin D improves lung function may be
through its action on regulating inflammation (4-6), inducing
antimicrobial peptides (7), and/or its action on muscle (8,9).
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There have been numerous studies looking at vitamin D
status in association with various lung diseases focusing on
asthma, chronic obstructive pulmonary disease (COPD),
cystic fibrosis (CF), and respiratory infections. These studies
have demonstrated a high prevalence of vitamin D defi-
ciency in their participants (10-19). Furthermore, several
studies have reported that lower maternal vitamin D status
during pregnancy or during early childhood increases the
risk of asthma and wheezing in the offspring and later child-
hood, respectively (20-24). Vitamin D deficiency has been
associated with lower lung function in COPD and CF pa-
tients (3,13,16,17,25). Other studies have shown an associa-
tion between vitamin D deficiency and infections such as
Mycobacterium tuberculosis (TB) (14,15,26-33) and upper
respiratory tract infections (18,19,34-36). The principal
limitation is that the majority of these studies have been
cross-sectional by design, with only a limited number of
prospective randomized clinical trials. The purpose of this
review is to examine the current evidence for a protective
role of vitamin D in the following lung diseases: asthma,
CE, interstitial lung disease (ILD), COPD, and respiratory
infections.

Physiology of vitamin D
Cholecalciferol (vitamin D3) is synthesized upon exposure of
the skin to UVB (290-315 nm), resulting in the conversion of
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endogenous 7-dehydrocholesterol to previtamin Ds, which
isomerizes to vitamin Dj. After entering the circulation, it
is transported by the vitamin D binding protein or albumin.
Vitamin Dj is hydroxylated in the liver by 25-hydroxylase to
its major circulating metabolite, 25(OH)D3, which is con-
verted to the biologically active form of vitamin D, 1,25 di-
hydroxyvitamin D3 [1,25(OH),Ds], in the kidney and other
tissues by the la-hydroxylase (37) (Fig. 1).

The prevalence of vitamin D deficiency has been increas-
ing in the general population in recent decades. The majority
of circulating 25(OH)D is derived from sun exposure, with a
limited dietary contribution. The increased prevalence of vi-
tamin D deficiency is attributed to sun avoidance, indoor
lifestyle, use of sunscreen, and decreased intake of vitamin
D-containing foods (1). Because vitamin D is sequestered
in adipose tissue, the increasing prevalence of obesity also
increases the prevalence of vitamin D deficiency (1).

Asthma

Epidemiology of vitamin D deficiency in asthma
Recent epidemiologic data suggest an association between
vitamin D deficiency and asthma (20,38). Asthma is a disor-
der characterized by varying and recurring symptoms of
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Figure 1 Vitamin D is produced in skin upon exposure to UVB
radiation from the sun or from limited dietary sources such as
fish and irradiated mushrooms and fortified foods such as milk
and orange juice. Vitamin D (D3 from skin only and D, or D
from dietary sources) enters the circulation and is hydroxylated
in the 25- position by the 25-hydroxylase to form its major
circulating form, 25(OH)D, which has a circulating half-life of
~3 wk. The 25(OH)D then circulates to the kidney and is
hydroxylated in the 1-position by the Ta-hydroxylase to form
the hormonal form of vitamin D, 1,25(0H),D. Other tissues such
as the epithelial lining of the lung and immune cells in the lung
also possess the Ta-hydroxylase to produce local concentrations
of 1,25(0H),D. Proposed extrarenal effects of 1,25(0H),D
produced by epithelial and lung cells include increasing
antimicrobial peptide production, regulation of the
inflammatory response, and airway remodeling. Vitamin D may
also play a role in respiratory muscle function.

airflow obstruction and bronchial hyper-responsiveness in
the setting of inflammation (39). Vitamin D deficiency has
been found to increase the risk of severe asthma exacerba-
tion defined as the need for emergency department evalua-
tion or hospitalization (40). Analysis of the NHANES III
data reported that patients with asthma and vitamin D
deficiency [(25(OH)D < 10 ug/L] had higher rates of recent
upper respiratory tract infections compared to those with
serum 25(OH)D concentrations > 30 ug/L (59 vs. 22%;
P < 0.001) (18). Several other cross-sectional studies con-
ducted in adults and children have found that vitamin D de-
ficiency was associated with lower lung function, wheezing,
and asthma control (Table 1).

Vitamin D status and effects on asthmatic control

A cross-sectional study on 616 asthmatic Costa Rican chil-
dren found that higher serum 25(OH)D concentrations
were associated with a reduction in the need for antiinflam-
matory medications and hospitalization during the previous
year (10). However, several studies from other countries
have demonstrated mixed results in the association of
vitamin D deficiency and asthma (Table 1) (11,41-44).
Sutherland et al. (24) reported that in patients with asthma,
higher serum 25(OH)D concentrations were associated with
higher FEV;. Higher serum 25(OH)D concentrations were
also associated with reduced airway hyper-responsiveness
and improved in vitro responsiveness to glucocorticoids
(24). Others have demonstrated an inverse correlation be-
tween serum 25(OH)D concentrations and the amount of ste-
roid medication prescribed to asthmatic patients (45) and a
positive correlation with FEV, (42), FEV,% predicted (42),
and FEV,/forced vital capacity (FVC). (42,45) Searing et al.
(45) also reported a decreased inflammatory response in
the combination dexamethasone and vitamin D treatment
group compared to the dexamethasone treatment group
alone by in vitro analysis of MKP-1 and IL-10 levels. This sug-
gests that vitamin D may potentiate the effects of steroids in
asthmatic patients. The childhood asthma management pro-
gram study randomized children with mild to moderate per-
sistent asthma to commonly used controller medications.
They found that vitamin D-deficient children were at in-
creased risk for a severe exacerbation defined as a hospitaliza-
tion or emergency department visit (40). Finally, Chinellato
et al. (46) reported higher prevalence of exercise induced
bronchoconstriction in asthmatic children who were vitamin
D deficient.

Mechanisms of vitamin D in the pathophysiology of
asthma

The effects of vitamin D deficiency on asthma pathophysiology
are not completely understood. Many researchers have focused
on the potential of vitamin D to dampen the inflammatory im-
mune response in patients with asthma, although other mech-
anisms may be involved. Studies conducted in a murine model
of asthma found that the hormonal form of vitamin D shifted
the T-regulatory lymphocyte response from a T helper cell 1 to
a less inflammatory T helper cell 2 dominant phenotype (4,5).
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Table 1. Summary of clinical studies examining vitamin D status and asthma

Investigator

Population studied

Vitamin D status
assessed by

Effects of vitamin D in population studied

Pregnancy
Erkkola (23)

Camargo (20)

Prospective cohort of pregnant mothers
and their children in Finland
Prospective cohort of pregnant mothers

Maternal diet (FFQ)

Maternal diet (FFQ)

Maternal vitamin D intake resulted in a lower risk of
asthma in children at 5y old
Maternal intake of vitamin D reduced the risk of

and their children in USA
Prospective cohort of Japanese pregnant
women and their children

Miyake (21)

Devereux (22) Case-control study of pregnant women

and their children
Gale (51) Prospective cohort of pregnant women
and their children in the UK
Childhood
Hypponen (50)  Prospective cohort of children starting at
age 1y and followed for 30 y

Maternal diet (FFQ)

Maternal diet (FFQ)

Maternal 25(OH)D

Not assessed

wheezing in children at 3 y old

Maternal intake of vitamin D at >25% percentile
lowered the risk of wheezing in children by
16-24 mo old

Highest quintile for maternal intake of vitamin D
compared to lowest quintile lowered risk of
wheezing in children at 5 y old

Maternal 25(0OH)D >30 ng/ml increased the risk of
asthma in children at 9y old compared to <12 ng/ml

Vitamin D supplementation was associated with
a nonsignificant increase in risk of asthma
at31yold

Brehm (10) Cross-sectional study of Costa Rican children 25(0OH)D Vitamin D insufficiency (<30 ug/L) in 6- to 14-y-old
children was associated with an increase in rate of
any hospitalization, any use of anti inflammatory
medications, and increased airway responsiveness

Chinellato (11)  Cross-sectional study of Italian children 25(0OH)D Decreased 25(0OH)D was associated with a

5-11yold reduction in asthma control

Freishtat (41) Cross-sectional case control study of children 25(0OH)D Vitamin D deficiency more common in asthmatics

6-20 y old with and without asthma in USA
Searing (45) Cross-sectional study of children with 25(0OH)D Vitamin D status [25(OH)D] inversely correlated
asthma with increased corticosteroid usage and positively
correlated with FEV; and FEV,/FVC
Brehm (40) Children with mild to moderate asthma 25(0OH)D Vitamin D insufficiency (<30 ug/L) was associated
randomized to 1 of 4 controller with an increased rate of severe asthma
medications exacerbation

Hughes (44) Retrospective cohort of Australian adults 25(0OH)D Vitamin D status [25(OH)D] was not associated with

18-61y old history of childhood asthma

Camargo (49) Prospective cohort of newborns

Cord blood 25(0H)D

25(0OH)D cord blood concentrations were inversely
associated with risk of respiratory infections and
wheezing, but not with asthma by 5y old

Chinellato (46)  Cross-sectional study of Italian children 25(0OH)D 25(0OH)D was inversely correlated with impairment in
with intermittent asthma lung function and increased bronchoconstriction
1o exercise
Adult
Sutherland (24)  Cross-sectional study of adults with asthma 25(0H)D Low 25(0OH)D concentrations were associated with
impaired lung function, increased airway hyper-
responsiveness
Li (42) Cross-sectional study of Chinese adults 18 y or ~ 25(OH)D Vitamin D deficiency was present in the Chinese
older with a new diagnosis of asthma population and had a positive association with
lung function
Devereux (43) Case-control study of Scottish adults 25(0OH)D Vitamin D status was not associated with asthma and

18-50 y old with mild to moderate asthma

Scottish adults

In vivo studies suggest that vitamin D increases the produc-
tion of IL-10, an antiinflammatory cytokine involved in the
pathogenesis of asthma, from T cells in both steroid-sensitive
and -resistant asthma patients (6). In contrast, Hypponen et al.
(47) demonstrated a U-shaped relationship between serum 25
(OH)D and IgE concentrations in adults from the UK. This
finding may suggest increased risk of allergic disease such as
asthma with low or high serum concentrations of 25(OH)D.
The current working hypothesis is that vitamin D potentially
reduces the inflammatory response in asthma, leading to a de-
crease in the amount of antiinflammatory medications such as
glucocorticoids that are used by patients.
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Vitamin D may also regulate matrix metalloproteinases
(MMP) that are involved in airway remodeling. Song et al.
(48) found that pretreatment of human airway smooth
muscle cells with 1,25(0OH),D; decreased the in vitro produc-
tion of MMP-9 and a disintegrin and metalloprotease 33
(ADAM33) when these cells were exposed to serum from asth-
matic patients. This inhibitory effect on MMP-9 and ADAM33
may indicate that vitamin D sufficiency prevents further airway
narrowing in asthmatic patients. In summary, vitamin D may
have a beneficial role in the pathology of asthma by shifting the
Thl and Th2 balance, reducing inflammation, regulating
MMP, and reducing airway remodeling.



Vitamin D status in pregnancy and early childhood
Studies of ~5000 pregnant women from the United States,
Finland, Scotland, and Japan demonstrated an inverse associ-
ation between maternal intake of vitamin D and the rate of
wheezing in their offspring (20-23) (Table 1). In children, a
vitamin D-deficient diet was associated with a decreased re-
sponse to bronchodilators (22), increased incidence of allergic
rhinitis (23), and increased incidence of asthma (23). Other
studies have found that maternal diets poor in vitamin D
lead to an increased risk of reactive airways in the offspring
(20-23). An additional study has reported that the cord-blood
25(OH)D concentrations in children were inversely associated
with risk of wheezing at 15 mo, 3 y, and 5 y, yet no association
was observed between cord-blood 25(OH)D concentrations
and incidence of asthma in children at 5 y (49).

In a prospective cohort study, Hypponen et al. (50) re-
ported that children receiving vitamin D supplementation
(2000 10/d) in the first year of life had a nonsignificant in-
crease risk of developing asthma (P = 0.08). A limitation of
this study was that vitamin D status was not confirmed by se-
rum testing of 25(OH)D. A similar study from the UK of 596
pregnant women demonstrated that higher serum 25(OH)D
concentrations during pregnancy conferred increased risk of
asthma in their offspring by 9 y of age (51). The major limi-
tation of this study was a dropout rate of ~60% at 9y (51,52).
These seemingly conflicting findings will be further examined
in a large, randomized, multi-center trial, the Vitamin D
Antenatal Asthma Reduction Trial, which will test the hy-
pothesis that vitamin D supplementation can prevent or re-
duce asthma, wheezing, and other allergic illnesses (53).

CF

Epidemiology

CF is the most common inherited respiratory disorder in the
Western world. The CF transmembrane conductance regula-
tor mutation leads to thick secretions that are retained in the

airways, preventing adequate bacterial killing by antibacterial
factors from the lining of the lung, excessive inflammation,
and eventual respiratory failure (54). As the median lifespan
of CF patients has reached almost 40 vy, the effect of the
high prevalence of vitamin D deficiency has become more ap-
parent (55,56). The causes of vitamin D deficiency in CF are:
inadequate intake of vitamin D, diminished body fat, pancre-
atic exocrine insufficiency causing vitamin D malabsorption,
limited sun exposure (57), and decreased serum vitamin D
binding protein (58). At large CF centers, >90% of the pa-
tients have 25(OH)D concentrations < 30 ug/L (59,60).

Mechanisms of vitamin D in the pathophysiology

of CF

There is a limited understanding of the extraskeletal functions
of vitamin D such as the production of antimicrobial peptides
in CE These peptides, cathelicidins and defensins, play a role
in the innate host defenses against airway pathogens. LL-37, a
cathelicidin, is cleaved from the full-length hCAP18 protein
and is the only cathelicidin present in humans. The LL-37 an-
timicrobial peptide has antimicrobial activity against Gram-
positive, Gram-negative bacteria, fungi, and some viruses
(7). In vitro studies have demonstrated that 1,25(OH),Dj5 is
necessary for pathogens to induce cathelicidin mRNA expres-
sion in both normal and CF bronchial epithelial cells (61).
Vitamin D status has been associated with higher levels of cir-
culating LL-37 in septic patients (62). Given the potential of
vitamin D to induce antimicrobial peptides, optimizing vita-
min D status may decrease the frequency of pulmonary exac-
erbations in CF patients. However, no studies published to
date have tested this hypothesis.

Vitamin D status and clinical studies in CF

Numerous studies have demonstrated a correlation between
decreased bone mineral density in CF and decreased FEV,%
predicted (16,63—67) (Table 2). Low bone mineral density

Table 2. Summary of clinical studies examining vitamin D status in participants with CF, ILD, and COPD

Investigator Population studied

Vitamin D status assessed by

Effects of vitamin D in population

CF
Wolfenden (16)  Retrospective study of adults with CF

Stephenson (17) Retrospective study of adults with CF

Pincikova (67) Cross-sectional study of adults and
children with CF
ILD
Hagaman (12) Cross-sectional study of single-center ILD clinic
COPD
Janssens (13) Cross-sectional study of subjects with
COPD who were former smokers
Ferrari (25) Cross-sectional study of adults with COPD
de Batlle (104)  Cross-sectional study of hospitalized

adults with COPD in Spain
Miscellaneous

Forli (8) Norwegian patients with advanced lung disease

25(OH)D 25(0OH)D concentrations were positively
associated with FEV,% predicted

25(0H)D Trend for higher 25(0H)D positively
associated with higher FEV; (P = 0.06)

25(0H)D 25(0H)D positively correlated with FEV,
and inversely with IgG

25(0H)D High prevalence of vitamin D insufficiency
in ILD clinic, specifically those with
connective tissue-related ILD

25(0OH)D 25(0OH)D concentrations positively correlated
with severity of COPD and FEV,

25(0H)D 25(0OH)D concentrations correlated with
diminished FEV; and exercise capacity

Diet (FFQ) Decreased vitamin D intake in COPD
patients admitted to the hospital

25(0OH)D Vitamin D deficiency in advanced disease

may be associated with muscle weakness
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places these patients at increased risk for fractures of tho-
racic vertebrae and ribs, leading to an ineffective cough
and/or impairment in airway clearance (58). Two other ret-
rospective studies found a positive correlation between
serum 25(OH)D concentrations and lung function indica-
tors FEV,% predicted (16) and FEV, (17). Another study
in Scandinavian CF patients demonstrated that IgG levels
were inversely correlated with serum 25(OH)D concentra-
tions, suggesting there is an association between vitamin D
status and the degree of inflammation in CF patients (67).
Future randomized trials will attempt to determine how
vitamin D effects lung function, reduces the rate of CF exac-
erbations, and improve bacterial clearance during pulmo-
nary exacerbations (68).

Vitamin D status and ILD

ILD is a heterogeneous set of disorders that is characterized
by damage of the lung parenchyma (69) and has been inef-
fectively treated with corticosteroids (70). Recently, vitamin
D status has been associated with the severity of ILD (Table
2). Olson et al. (71) found the highest mortality in the IPF
population was in the winter months, even after accounting
for infectious etiologies, suggesting a potential link between
vitamin D and ILD. Mascitelli et al. (72) speculated that in-
creased mortality due to infection in the winter months may
due to vitamin D deficiency. Hagaman et al. (12) reported
that ILD patients in Cincinnati had a high prevalence of
vitamin D deficiency [38% of patients had 25(OHOD <
20 ug/L]. Those with connective tissue disease ILD were
more likely to have diminished 25(OH)D concentrations
compared to the other forms of ILD (deficient 52 vs. 20%;
P < 0.0001). Most importantly, the connective tissue dis-
ease-ILD group with reduced levels of 25(OH)D had a clin-
ically significant decline in their lung function [FVC, P =
0.015; diffusing capacity of the lung for carbon monoxide
(DLCO), P = 0.004].

The pathophysiology of vitamin D deficiency in ILD has
been studied by Ramirez et al. (73) using a murine model.
They demonstrated that 1,25(OH,)Dj; inhibits TGFS1 stim-
ulation of profibrotic phenotypes in lung fibroblasts and
epithelial cells. In summary, there is early epidemiologic
evidence demonstrating an association between vitamin D
deficiency and ILD; however, the mechanism by which vita-
min D may be protective in ILD remains unclear and not
well studied in vitro or in clinical studies.

COoPD
By 2020 COPD may become the 3rd leading cause of death
worldwide (74). COPD is a lung disease associated with sig-
nificant and progressive irreversible airflow obstruction
(75). Recently, a number of studies have shown an associa-
tion between vitamin D deficiency and severity of COPD
(13,25). Lower vitamin D status in COPD may be due to di-
minished production of pre-vitamin D3 associated with skin
aging caused by smoking and limited UVB exposure (1,76).
Studies have shown that the degree of vitamin D defi-
ciency correlates with the severity of the disease as measured
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by the reduction of FEV, (3,13,25) (Table 2). The difference
in FEV, between the highest and lowest quintiles of serum
25(OH)D was greater in those with a diagnosis of chronic
bronchitis (248 mL) or emphysema (344 mL) than in the
other participants. When evaluating the interaction between
emphysema and chronic bronchitis in regards to serum 25
(OH)D concentrations, the results were not significant (3).
Ferrari et al. (25) also demonstrated that the maximal exer-
cise capacity and carbon monoxide transfer in the single
breath method were both positively correlated with serum
25(0OH)D concentrations (r = 0.247, P < 0.05; and r = 0.496,
P < 0.001). Impairment of exercise capacity in COPD may
be related to a reduction in muscle strength (8); however,
it is unclear whether vitamin D may play a role in exercise
capacity. One longitudinal study of current smokers with
mild to moderate COPD evaluated vitamin D status in par-
ticipants with rapid and slow lung function decline over a
6-y period. It found no difference in the serum 25(OH)D
concentrations of the rapid decliners compared to the slow
decliners (25.0 and 25.9 ug/L, respectively; P = 0.54) (77).
Patients with COPD are at risk for vitamin D deficiency;
however, it remains to be seen if correction of vitamin D de-
ficiency leads to a slower decline in lung function and im-
provement in exercise capacity.

Respiratory infections

The effects of vitamin D on respiratory infections have been
studied in a variety disease processes ranging from TB to up-
per respiratory tract infections. One of the mechanisms by
which vitamin D improves recovery from infection appears
to be by enhancing innate immunity by upregulation of an-
timicrobial peptides, as discussed earlier.

TB

TB is a global epidemic, with an incidence of 8.9-9.9 million
cases in 2008 (78). Before the etiologic cause of TB was de-
termined in 1903 by Robert Koch, cod liver oil and sun ex-
posure, both sources of vitamin D, were commonly used to
treat patients infected with TB (79,80).

Several studies across ethnic backgrounds have demon-
strated a positive association between prevalence of TB
and vitamin D deficiency (14,15,26-33,81,82) (Table 3).
However, two smaller studies did not find an association be-
tween vitamin D status and risk of TB infection (83,84). A
recent meta-analysis of trials involving TB patients demon-
strated that participants with TB had significantly lower
serum 25(OH)D concentrations compared to matched con-
trols (0.68; 95% CI = 0.43-0.93) (85).

Early clinical trials have been conducted to test whether
vitamin D therapy improves TB outcomes. One study demon-
strated that participants who were exposed to TB and who were
treated with a single dose of 100,000 1U of vitamin D, had in-
creased in vitro activity of Mycobacterium bovis bacille Calm-
ette-Guerin-lux luminescence compared to the healthy
controls at 24 h (0.57 vs. 0.71; 95% CI = 0.01-0.25; P =
0.03), suggesting an enhanced innate immune response (86).
Another study by Morcos et al. (87) found that children



Table 3. Summary of clinical studies examining vitamin D status and supplementation with vitamin D in participants with TB infection

Investigator Population studied

Vitamin D status
assessed by

Effects of vitamin D in population studied

Randomized trials

Martineau (86) Double-blinded, randomized trial of adult 25(0OH)D Single dose of vitamin D enhanced antimycobacterial
patients with TB exposure immunity in patients with TB exposure
Morcos (87) Small (n = 24) trial of vitamin D in children Serum 1,25 Vitamin D supplementation resulted in clinical

with new diagnosis of TB randomized to
traditional treatment vs. traditional
treatment and vitamin D

dihydroxyvitamin D

improvement

Wejse (90) Randomized trial of vitamin D vs. placebo in  25(OH)D Randomized trial did not show any difference
Guinea-Bussau with TB between placebo and vitamin D group in regards
to mortality or improvement in clinical outcomes.
However, 25(0H)D did not differ between vitamin D
and placebo.
Nursyam (88) Randomized trial of vitamin D or placebo in ~ 25(0OH)D Participants treated with vitamin D had higher rate of
Indonesian TB patients sputum conversion at 8 wk compared to placebo
Martineau (89) TB patients randomized to vitamin D 25(0OH)D Sputum conversion rate at 8 wk did not differ
supplementation or placebo at 14, 28, between the vitamin D and placebo groups;
and 42 d however, those with the tt genotype of the Tag/
polymorphism had a higher percentage of sputum
conversion vs. placebo
Observational studies
Fielding (105) Case series of 7 adults with pulmonary TB None Cavitations reduced in size in 6 of 7 patients
treated with vitamin D
Case-control studies
Ho-Pham (81) Case-control study of adults with TB from 25(0H)D Vitamin D deficiency was more prevalent in adult
Vietnam compared to healthy controls men with TB but not in adult women with TB
Nielsen (26) Case-control study of Greenlander patients 25(0H)D Vitamin D insufficiency [25(OH)D < 30 ng/mL] and
with TB compared to healthy controls elevated 25(0OH)D > 56 ug/L were associated with
TB infection
Wilkinson (14) Case-control study of Asians with TB and 25(CH)D Severe vitamin D deficiency associated with a high
healthy controls in the UK rate of TB in this population
Gibney (29) Case-control study of African immigrants with ~ 25(OH)D 25(0OH)D concentrations were inversely associated
TB in Australia compared to healthy controls with risk of TB
Sasidharan (31) Case-control study of hospitalized adults 25(0H)D 25(0OH)D concentrations were lower in the participants
and children with TB compared to with TB compared to the control group
healthy controls
Grange (83) Case-control study comparing Indonesian 25(0H)D There was no difference in vitamin D status between
patients 18-50 y old with smear-positive the TB patients and the control group
TB compared with healthy controls
Davies (15) Case-control of adults with culture-positive 25(CH)D TB patients had lower 25(OH)D than did the healthy
TB and healthy controls controls
Davies (32) Prospective case-control study predicted of 25(0H)D TB patients had lower 25(OH)D than did the healthy
patients with TB in Kenya and healthy controls
controls
Davies (33) Prospective case-control study of patients 25(0H)D TB patients had lower 25(OH)D than did the healthy
with TB and healthy controls in Thailand controls
Chan (84) Case-control study of TB patients and 25(0H)D There was no difference in vitamin D status between
healthy controls in China the TB patients and the control group
Wejse (82) Unmatched case-control study of West 25(0H)D Vitamin D deficiency was not more common among
African patients with TB and healthy West African TB patients than controls
controls
Retrospective case series
Williams (27) Retrospective case series study of children 25(0OH)D 86% of children with latent or active TB had low
attending TB clinic in the UK 25(0OH)D (<30 pg/l)
Ustianowski (28) Retrospective case series study of UK 25(0OH)D Vitamin D deficiency was common in all ethnic
patients with TB groups with the exception of white Europeans and
Chinese/South East Asians
Retrospective study
Yamshchikov (30)  Southeastern U.S. patients with active TB 25(0H)D 86% of participants had low 25(0H)D <30 ug/L

diagnosed with TB and treated with conventional therapy plus  cachexia, and reduction in lymph node enlargement. However,
vitamin D compared to placebo for 2 mo did have clinical im-  there was no evidence of radiographic improvement, which
provement characterized by less febrile episodes, resolution of may be related to the short follow-up. Nursyam et al. (88)
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demonstrated that pulmonary TB patients treated with con-
ventional TB therapy plus 100,000 1u of vitamin D daily had
a significantly higher sputum conversion rate at 6 wk com-
pared to TB patients treated with conventional TB therapy
alone. A similar trial reported no difference in sputum conver-
sion rate in participants who received 100,000 1u of cholecalcif-
erol or placebo on 3 different occasions at 14, 28, and 42 d.
However, the sputum conversion rate was statistically higher
only in those in the vitamin D group with the # genotype
Tagl vitamin D receptor polymorphism (89). In contrast, an
African study, in which participants received traditional ther-
apy plus 100,000 1u of vitamin D at baseline and 5 and 8 mo
or placebo, did not show any effect of vitamin D therapy
(90). However, serum 25(OH)D concentrations in the vitamin
D group did not differ from the placebo group, raising ques-
tions about the sufficiency and frequency of the vitamin D dos-
ing regimen (90). Overall, these initial clinical associations and
early trials suggest that vitamin D may be beneficial as an ad-
junctive treatment to the traditional therapy in patients with
TB; however, additional randomized trials need to be con-
ducted to clarify the role of vitamin D.

Upper respiratory infections

Ecological studies have suggested that an environmental
factor such as vitamin D could explain the seasonality of
influenza (91-95). This has been observed in several epidemi-
ologic studies (3 case controls, 1 observational, 1, prospective
cohort, and 1 cross sectional) showing an association between
vitamin D deficiency and increased risk of respiratory infec-
tion (18,19,34-36,49) (Table 4). An NHANES III analysis
was the largest of these studies (~ 18,000 patients) and dem-
onstrated an association between vitamin D deficiency and
upper respiratory tract infections (18). Three smaller case
control studies did not reveal an association between vitamin
D deficiency and respiratory infections (96-98). However,
95% of the participants in the acute lower respiratory tract in-
fection group received some form of vitamin D supplementa-
tion, thereby increasing the serum 25(OH)D in the placebo
group (96). An additional possibility is that the association
of vitamin D deficiency with increased respiratory infection
occurs only in those patients with the most severe pulmonary
illnesses (35). Approximately 50% of the patients admitted to
the pediatric intensive care unit with respiratory illness were

Table 4. Summary of clinical studies examining vitamin D status and supplementation with vitamin D in participants with

lung infection’

Investigator Population studied

Vitamin D status

assessed by Effects of Vitamin D in population studied

Randomized trials
Urashima (100) Randomized controlled trial of vitamin D
in children in Japan

Aloia (99,106) Post hoc analysis of African American
postmenopausal women randomized
to placebo or vitamin D

Randomized controlled trial of children
with pneumonia treated with vitamin D
or placebo

Manaseki-Holland (1071)

Avenell (102) Randomized controlled trial of vitamin D,
calcium, both, or placebo in adults
Li-Ng (103) Randomized controlled trial of vitamin D

or placebo in adults for 12 wk
Observational studies

Laaksi (34) Cohort study of Finnish men in the military

Ginde (18) Cross-sectional study of U.S. population
(NHANES 11)

Case-control study
Rehman (98) Case-control study evaluating children with
subclinical rickets and recurrent respiratory
infections who were given vitamin D and
calcium compared to healthy controls

Indian children aged =5 y hospitalized with
ALRI

Turkish neonates with ALRI hospitalized in

intensive care unit

Wayse (35)

Karatekin (36)

McNallly (97) Canadian children aged <5 y hospitalized
for ALRI and controls

Roth (96) Canadian children < 25 mo of age with
bronchiolitis and controls

Roth (19) Rural Bangladesh children <23 mo of age

with ALRI and controls

25(0OH)D Vitamin D3 supplementation in winter
significantly reduced the incidence of
nasal swab confirmed influenza A

25(0OH)D Vitamin D supplementation reduced the
rate of self-reported colds of flu

None Treatment with vitamin D3 was associated
with fewer repeat episodes of pneumonia

25(0OH)D Vitamin D supplementation did not reduce
infection

25(0OH)D Vitamin D supplementation did not reduce
infection

25(OH)D Men with low 25(0OH)D concentrations
missed more work from infections than
those without infections

25(0OH)D URTI were associated with lower 25(OH)D
concentrations

None No difference in rate of infections between
the 2 groups

25(0H)D ALRI were associated with vitamin D
deficiency [25(0H)D < 9 ug/L]

25(0H)D Vitamin D-deficient neonates were at
increased risk for ALRI

25(0H)D No difference in vitamin D status in the
control group and the ALRI group

25(0H)D No difference in vitamin D status in the
control group and the ALRI group

25(0H)D Lower 25(0OH)D was associated with

increased risk of ALRI

! ALRI, acute lower respiratory infection; URTI, upper respiratory tract infection.

250 Finklea et al.



vitamin D deficient (<20 ug/L) compared to only 20% on the
general medical floor (OR = 8.23; 95% CI = 1.4-48; P=0.02)
(97). The inconsistencies in these reports illustrate the need to
evaluate the effects of vitamin D on respiratory infection with
randomized control trials.

There are only a few published randomized controlled
trials evaluating the effects of vitamin D on infectious out-
comes. In a post hoc analysis of women participating in a
vitamin D trial for osteoporosis, Aloia et al. (99) found im-
proved upper respiratory tract symptoms in participants
receiving vitamin D. A study by Urashima et al. (100) deter-
mined that wintertime vitamin D supplementation de-
creased the risk of influenza A infection diagnosed by
nasal swab in school age children. Similarly, a trial con-
ducted in Afghanistan reported a decreased risk of recurrent
pneumonia with a single dose of 100,000 1U of vitamin D
over the next 3 mo (101). Other trials evaluating the effects
of vitamin D supplementation on reducing the rate of respi-
ratory illness did not demonstrate a significant decrease in
the occurrence of respiratory illnesses (Table 3). These stud-
ies may not have had achieved adequate serum 25(OH)D
concentrations or the dosage of vitamin D was too small
to be effective (102,103). At this time, further studies need
to be conducted to determine if higher doses of vitamin D
are able to prevent and/or treat respiratory infections.

Conclusion

At this time, there is a considerable amount of evidence that
implicates vitamin D as a factor associated with various
chronic lung diseases. The question remains whether vita-
min D deficiency contributes to the etiology of lung disease
or if vitamin D deficiency is simply a manifestation of the
lung disease and/or its treatment. As research in this field
unfolds, vitamin D supplementation will need to be evalu-
ated in larger trials focused on specific respiratory diseases.
More research is needed studying the potential mechanisms
by which vitamin D may be protective in respiratory dis-
eases. Currently, there are 26 trials listed on clinicaltrials.
gov that involve vitamin D and various lung diseases. These
future randomized prospective controlled trials will shed
light on the true benefits of vitamin D and potential
mechanisms in both preventing and treating chronic lung
diseases.
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