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1 | INTRODUCTION

Vitamin D hypovitaminosis (deficiency and insufficiency)
and COPD are both world-wide health problems.'™ COPD
has an increasing mortality and morbidity rate and is
expected to be the third leading cause of death in 2020.

Abstract

Objectives: Vitamin D deficiency and Chronic Obstructive Pulmonary Disease
(COPD) are both under-recognized health problems, world-wide. Although Vitamin
D has long been known for calcemic effects it also has less known noncalcemic
effects. Recent data have shown that Vitamin D deficiency is highly prevalent in
patients with COPD and correlates with forced expiratory volume in one second
(FEV,) and FEV decline. The objective of this work was to review the current litera-
ture on vitamin D deficiency in relation with COPD.

Data source: A literature search, using the words “vitamin D” and “COPD”, was
undertaken in Pubmed database.

Results: The noncalcemic effects of vitamin D relating with COPD may be summar-
ised as increasing antimicrobial peptide production, regulation of inflammatory
response and airway remodelling. Vitamin D inhibits the production of several proin-
flammatory cytokines and leads to suppression Th1 and Th17 responses which may
be involved in the pathogenesis of COPD. Vitamin D insufficiency may also contrib-
ute to chronic respiratory infections and airway colonization so returning vitamin D
concentrations to an optimal range in patients with COPD might reduce bacterial
load and concomitant exacerbations.Vitamin D is also important for COPD-related
comorbodities such as osteoporosis, muscle weakness and cardiovascular diseases.
Data about the effect of Vitamin D supplementation on those comorbidities in rela-
tion with COPD are been scarce.

Conclusion: Improving the blood level of Vitamin D into the desired range may
have a beneficial effect bones and muscles, but more studies are needed to test to test
that hypothesis.
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Although there has been much progress in understanding in
its pathogenesis, natural course and management, there are
still many unmet needs. No current treatment has the power
to cure the disease.””

The first description of the vitamin D-related disease was
made by Glisson in 1651. He described children with rickets,
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FIGURE 1 The photoproduction and metabolism of vitamin D and the various biologic effects of 1,25(OH)2D on calcium,

phosphorus, and bone metabolism.®

as “Morbus Anglorum”. The association between inadequate
sunshine and rickets was first recognized in the beginning of
the 20th century.®’

More recently there has been increased interest in vita-
min D regarding its potential noncalcemic effects and its
relationship with chronic disease, particularly COPD. There
might be a possible link between vitamin D hypovitaminosis
and COPD pathogenesis,
comorbidities. This raised the question as to whether vitamin
D supplementation might be beneficial in COPD. This paper
reviews the currently available evidence.

progression, exacerbations and

1.1 | Vitamin D synthesis and metabolism

Under the ultraviolet B (290-315 nm) [UV-B] irradiation,
vitamin D is synthesised in the skin as previtamin D3, which

is converted to vitamin D3, also known as cholecalciferol.
The efficiency of conversion of the previtamin to vitamin D3
depends on the number of the UV-B photons and the degree
of skin melanin pigmentation. An increase in melanin, skin
cover with sunscreen or excessive clothing reduces vitamin
D3 production. Excessive sunlight exposure does not cause
vitamin D3 intoxication because sunlight destroys any excess
vitamin D3 in skin.*® Vitamin D2 (known as ergocalciferol
and obtained by irradiation of plants or food) and vitamin
D3 (supplied by fortified food, diet supplement and fish e.g.,
herring and mackerel) are integrated into chylomicrons and
absorbed through the lymphatic system. In the blood, it is
carried by vitamin D Binding Protein (DBP) to the liver
where it is hydroxylated to form 25-hydroxyvitamin D (25
(OH) D). This is the major form of vitamin D and is used as
a measure of vitamin D status in the body. In the kidney,
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1-alpha hydroxylase converts 25-hydroxyvitamin D (25(OH)
D) to 1,25-dihydroxy vitamin D (1,25 (OH), D) which is the
biologically active form of the vitamin. When 1,25-dihy-
droxy vitamin D is formed; it binds to its receptor, vitamin D
Receptor (VDR) which is located in the nucleus of the target
cell. In the small intestine it activates calcium and phospho-
rus translocation to the blood. The major action of
1,25-(OH), D is to provide a sufficient level of calcium and
phosphorus in circulation. If the blood level of calcium level
falls, 1,25-(OH), D interacts with VDR in osteoclasts to
stimulate bone resorption to raise calcium and phosphorus.
The main target organs of 1,25-(OH), D are the small intes-
tine, kidney and bones®?® (Figure 1).

In vitamin D deficiency, calcium and phosphorus absorp-
tion from the small intestine is impaired and only 10% of cal-
cium and 50% of phosphorus can be absorbed. This results
in an increase in parathyroid hormone (PTH) which stimu-
lates the reabsorption of calcium in the kidney to preserve
blood calcium level. PTH also inhibits the reabsorption of
phosphorus resulting in increased urinary excretion. Hence,
PTH stimulates osteoclasts to mobilize skeletal calcium to
the blood in order to keep calcium level in steady. In second-
ary hyperparathyroidism, PTH stimulates the kidney to pro-
duce 1,25-(OH), D so that the level of 1,25-(OH), D may be
high or normal which means that it is unreliable marker of
the status of vitamin D needs of the body. Eventually, vita-
min D deficiency causes impairment of mineralization of the
skeleton resulting in rickets in children. However, vitamin D
deficiency can be subclinical and accompanied by normal
serum calcium levels, low 25(OH)-D level (10-20 ng/mL),
high PTH, 1,25-(OH), D and alkaline phosphatase levels®
(Figure 1).

1.2 | Definition of vitamin D deficiency

The level of vitamin D deficiency depends on the cut points
of 25(0OH) D levels. A serum level of 10 ng/mL (25 nmol/L)
of 25(0OH) D is considered to be the threshold for preventing
rickets and osteomalacia, but the desirable level to suppress
PTH activity and for many other essential noncalcemic health
benefit should be above 20-30 ng/mL.°~"" In a study carried
out in indoor office workers who reside in subtropical climate
if the cut point was chosen as 50 nmol/L. (20 ng/mL), the
number of vitamin D sufficient people were 60% however if
the cut point was increased to 75 nmol/L (30 ng/L), this num-
ber reduced to 13%."2

The US Endocrinology Society defined vitamin D defi-
ciency as a blood 25(0OH) D level below 20 ng/mL (50
nmol/L) and vitamin D insufficiency when the level lies
between 21 and 29 ng/mL (52.5-72.5 nmol/L). 30 ng/mL is
considered as desirable blood level. In the absence of
adequate sun exposure, at least 800-1000 IU vitamin D per
day may be needed to maintain 30 ng/mL blood level of vita-

min D.>'%!"® The response to vitamin D supplementation
may vary individually. Recent data showed that patient’s
baseline vitamin D level and the amount of supplementation
were the most accountable factors in response however,
genetic variability may be associated with response to sup-
plementation, suggesting that some people might need higher
doses to reach optimal 25(OH) D levels or that there is vari-
ability in the physiologically normal level of 25(0H) D.'*

1.3 | Risk factors for vitamin D deficiency

Vitamin D deficiency is mostly caused by inadequate expo-
sure to sunlight and inadequate dietary intake. Natural nutri-
tional sources are mainly limited to fatty fish, so regular
sunlight exposure is still the best way to prevent and resolve
vitamin D deficiency. To have appropriate vitamin D3 pro-
duction, direct sunlight exposure needs to be maintained for
only 15 minutes twice a week (without wearing sunscreen).15
Since there is a seasonal variation in sunlight, there is also a
seasonal variation in serum vitamin D level which shows the
highest level in summer and the lowest level in winter in the
northern hemisphere.'®'® Even during the summer, early
morning and late afternoon UV-B is not sufficient to activate
vitamin D production in the skin.'® Hence, people who live
in higher latitude have a higher risk of vitamin D deficiency.
Premenopausal women have been shown to have 6 nmol/L
higher serum levels compared to postmenopausal women.'
Apart from sun exposure and skin vitamin D synthesizing
ability, premature birth, pigmented skin, obesity, malabsorp-
tion, glucocorticoid usage, smoking, advanced age, and
reduced physical activity are also risk factors for vitamin D
deficiency which most of them are also risk factors for
COPD.6:2:20-25

2 | EPIDEMIOLOGY

Vitamin D deficiency is under diagnosed. Depending on
which cut off has been used, 57%-93% of the general inpa-
tient population was defined as deficient.'®'® In hip fractured
elderly patients, vitamin D level was detected under 20
nmol/L in 80% of the people.'® In a review by Lips, in which
vitamin D deficiency was defined when serum 25(OH)D was
lower than 25 nmol/L (10 ng/mL) and vitamin D insuffi-
ciency was considered when serum 25(OH)D was between
25 and 50 nmol/L. (10-20 ng/mL), the prevalence of defi-
ciency was reported to be between 2% and 30% of adults in
European countries. In Germany, in people aged between 50
and 81 years, the prevalence of deficiency was 25%. In post-
menauposal women, in Italy, the prevalence was 28%-
32%.%°

Even though Turkey is a sunny country, people tend to
under recognise it. In elderly people, another Turkish study
showed that 33% had a vitamin D level under 15 ng/dL. The
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authors concluded that it was related with clothing habit.?”
Adults living in urban, non-coastal setting also had a high
prevalence of vitamin D deficiency.?®

In Middle East countries, vitamin D deficiency showed a
strong relationship with lifestyle and varies between 2% and
90%. Vitamin D status was better in women who wore West-
ern style clothing than in women with a veil." A study from
South Africa found that only 16% of the participants had 25
(OH) D levels above 50 nmol/L, and 15% were below 30
nmol/L.*

Many studies examining the vitamin D status in North-
America have been published* and according to the most
recent NHANES data, the mean serum 25(OH)D level in
4495 individuals was 49.8 nmol/L; 50.3 nmol/L in men and
49.5 nmol/L in women.?® Only few studies on vitamin D sta-
tus in South-America have been published.* In a study in
Argentina, a clear North-South gradient was observed with
higher vitamin D levels near the equator.®® In Chile, lower
25(0OH)D levels were observed in postmenopausal as com-
pared with premenopausal women,>' although the level in
postmenopausal was very similar to the level in independ-
ently living elderly in Brazil (48.8 vs. 49.5 nmol/L).*

In Asia, the prevalence of vitamin D deficiency is 2%-
65%. Eastern Ural in Russia, Mongolia, China have the high-
est prevalence. China also has the highest rickets prevalence
in the world' and 50% of the children have serum vitamin D
level less than 12.5 nmol/L. In India, even though it is close
to Equator, deficiency is very prevalent, this may due to dark
skin color and low vitamin D intake. In contrast Japan and
Malaysia have low prevalence of Vitamin D deficiency; in
Japan, the level of Vitamin D is correlated with fish con-
sumption.' Vitamin D Status in South Korea is similar to
other Asian countries. The Korea National Health and Nutri-
tion Examination Survey showed that the prevalence of vita-
min D insufficiency (<50 nmol/L) was 47% in males and
65% in females in 2008.%

2.1 | Cellular and intercellular effects of
vitamin D deficiency

The interaction between vitamin D and VDR and 1,25(0OH),
D production in immune cells and respiratory epithelium
modulates toll like receptors (TLRs), T cell proliferation and
differentiation, tumour necrosis factor alpha (TNF-a) synthe-
sis or antimicrobial host proteins which can all effect
autoimmunity and host defence.'” Vitamin D has immune-
modulatory effects with several other mechanisms. Antigen
presenting cells can be inhibited by vitamin D. It also inhib-
its inflammatory cytokine expression, such as interleukin
(IL)-1, -a, -1B, -12, TNF-o, and T lymphocyte differentia-
tion. Vitamin D is dose dependently associated with a reduc-
tion in transcription of Thl cytokines such as IL-2,
granulocyte-macrophage colony stimulating factor (GM-

WILEY

CSF) and interferon (IFN)-y and increased expression of
Th2 cytokines IL-4,-5 and -10. It appears to cause over
expression of Th2 cytokines, and has an anti-proliferative
effect on T helper cells and a suppressive effect on B cell
antibody production.’**> One of the most significant effects
of 1,25 (OH), D is the impact on regulatory T cells (Tregs)
which are involved in autoimmune disease, COPD and
asthma. In addition to the immune cells, respiratory epithelial
cells are able to convert inactive vitamin D to active 1,25
(OH), D. This may trigger a high concentration of vitamin D
that can result in expression of vitamin D dependent genes,
which are important for innate immunity.'> In activated mac-
rophages, activation of TLR with lipopolysaccharides can
stimulate the local production of 1,25(OH), D which enhan-
ces the expression of the antimicrobial peptide cathelicidin,
which is important for the immune response to Mycobacte-
rium tuberculosis. That may explain why vitamin D
deficient individuals are more susceptible to tuberculosis®>®
(Figures 2 and 3).

Genetic defects in VDR and vitamin D-binding protein
(VDBP) may produce a situation like vitamin D deficiency.
VDBP is also known as Ge-globulin and located in various
body fluid and many cell surfaces including human neutro-
phils. VDBP has three domains that have a lot of additional
functions besides carrying vitamin D, especially in macro-
phage and neutrophils.®>” These include the augmentation of
chemotactic response to complement anaphylatoxin C5a and
formation of a dimeric molecule with macrophage activating
factor (DBP-MAF) which changes macrophages to more
phagocytic phenotype.®® The VDBP gene is highly polymor-
phic. There are three common variants GclF, GelS, Ge2.
These variations may have a role in the pathogenesis of lung
diseases including asthma, COPD, lung cancer, tuberculosis,
respiratory syncytial virus (RSV) bronchiolitis, and adult
respiratory distress syndrome.>’** Several polymorphisms
have been shown in the VDR gene too and there are data
showing a relationship between VDR gene polymorphism

and tuberculosis and RSV infections.'>

2.2 | Noncalcemic effects of vitamin D deficiency

It has been shown that VDR and VDBP are present, not only
in the organs associated with calcium metabolism but also in
some other essential organs, such as skeletal muscle, lung,
brain, immune cells including monocytes, activated macro-
phages, dendritic cells, natural killer cells, and T and B cells,
pancreas, breast, colon and heart.*'> Three percent of
the mouse and human genome are regulated via vitamin D
pathway,** so deficiency may have more effects than are
currently known.*> Most cells have the potential to express
1-alpha hydroxylase and so produce 1,25(0OH), D, however,
this is under the control of immune cells instead of calcium
and phosphorus serum levels. VDR and VDBP activation in
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function in adults, a serum level above 30 ng/mL is
required. In a study performed on both active and inactive
people over 60 years of age, showed that a vitamin D
level in the range 40-94 nmol/L. was best for good muscu-
loskeletal function in the legs.*® Vitamin D deficiency has
been shown to be associated with breast, colon, prostate,
ovary and esophagus cancers, although it is not known
whether maternal, in utero or childhood deficiency
increases the future risk of cancers. Children exposed to
sunlight have been shown to have 40% less risk of devel-
oping non-Hodgkin lymphoma and have better survival
from malignant melanoma.® In a prospective US cohort, it
was estimated that for every 10 ng/mL increase in serum
vitamin D there was a 17% reduction in overall cancer
rate and 45% reduction in gastrointestinal cancers.*!

The risk of developing multiple sclerosis is 50%
greater when the vitamin D level is below 20 ng/mL.*
Living at high latitude for the first 10 years of life is
associated with a doubling of the risk of developing multi-
ple sclerosis, no matter where people live after that.*’
Children living in higher latitudes are more prone to
developing Type I diabetes, supplementation of vitamin D
can reduce that risk.** Ulcerative colitis, Crohn’s disease,
rheumatoid arthritis, type II diabetes and psoriasis are also
shown to have a greater prevalence with vitamin D defi-
ciency.'®?> Skaaby et al. reported a significant inverse
association between vitamin D status and death caused by
diseases of the respiratory, digestive and, endocrine sys-
tems. However, no association was found with vitamin D
status and death caused by neoplasms or diseases of the
circulatory system.*>**

2.2.1 | Vitamin D deficiency and COPD

Vitamin D deficiency is highly prevalent in chronic lung dis-
ease, but the mechanism linking the two has not been fully
elucidated. Animal and laboratory studies showed substantial
positive effects of vitamin D on the alveolar type II cell, fibro-
blast proliferation, surfactant synthesis, and alveolarization.*

Vitamin D deficiency has been shown to be more preva-
lent in impaired fetal lung size, childhood asthma, cystic
fibrosis, respiratory infections, tuberculosis, COPD, and dif-
fuse parenchymal lung disease'®***® (Figure 3).

The recent Western Australian Birth Cohort study
showed that, 36% of the pregnant women had vitamin D
deficiency and after adjusting other confounders, vitamin D
deficiency is related with lung impairment in 6-year-old
offspring.*’

Additionally, in a longitudinal study, low maternal Vita-
min D level was found to be associated with asthma in the
first 10 year of children.*® The causal mechanisms in these
associations are not clearly known. Immune mechanisms and
the possible effects on smooth muscle cell proliferation and
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differentiation and lung growth may cause these associa-
tions.*>° Low birth weight is also shown to be related with
the development of COPD.”’

An age-matched controlled study showed that COPD
patients had significantly lower vitamin D levels when com-
pared to controls, which might suggest that COPD patients
have a higher risk of vitamin D deficiency.'®* This could
be due to low food intake, aging, staying indoors, increased
vitamin D catabolism due to glucocorticosteroids, impaired
activation by renal dysfunction, lower storage capacity in
muscles or fat tissues due to wasting.**?

2.2.2 | The role of vitamin D in COPD onset

Numerous genetic and immunologic studies have been per-
formed to investigate test for a causal relationship between vita-
min D and the development COPD. There is evidence that Th1
immunity and Th17 are involved in COPD and may provide a
link between vitamin D deficiency and COPD.* Deficiency
might enhance inflammation, parenchymal degradation, IL-18,
TNF-a, Matrix Metalloproteinase (MMP)-9 productions, che-
mokine productions (through NF-KB), histone acetylation and
corticosteroid resistance. Vitamin D also has a role in airway
smooth muscle remodelling®®>* (Figure 3).

In genetic research, certain allelic mutations in VDBP
may either increase the risk or have a protective effect for
developing COPD. Ethnicity may be an important factor. For
instance, in many small studies, in Caucasians, Gc2 protein
was found to be protective against COPD, however, in an
Asian population presence of the GclF variant was a risk
factor for COPD.?*** Studies regarding different VDBP var-
iants and their effects on the development of COPD are sum-
marised at Table 1.%7 It is very challenging to dissect out
the effect of vitamin D from VDBP itself, since most of the
actions of VDBP are thought to be through enhancing the
bioavailability of the active vitamin D metabolite.

In a recent very large general population study, 10 116 par-
ticipants from Copenhagen City Heart Study and 8391 partici-
pants from Copenhagen General Population Study were studied
to test if a low plasma level of 25 (OH) D was associated with
future risk of COPD. It found an association; hazard ratio: 1.58
and 2.00 for the two studies respectively.”> In a very recent
Danish study performed in 12 041 individuals with an average
of 9.7-year follow-up, a statistically significant inverse cross-
sectional association was found between vitamin D status and
prevalent COPD but not with incident COPD.**

2.3 | Calcemic effects in COPD

In the National Health and Nutrition Examination Survey
(NHANES) III study, in 9502 participants, airflow limitation
was independently associated with an increased odds ratio
(OR) for osteoporosis (OR: 1.9). In severe airflow obstruction,
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TABLE 1
Population Phenotype
Caucasian Canada COPD
Canada COPD
Iceland COPD
Chronic Bronchitis
Russia COPD
USA COPD
Denmark Rapid decline of FEV,
Asian Tatar COPD
Japan COPD
Rapid decline of FEV,
Emphysema
Japan COPD
Diffuse Panbronchiolitis
China COPD

this OR reached 2.4 and the observation was true for both
women and men. The study highlighted that, in moderate to
severe COPD, osteoporosis should be actively sought.>®

In Towards a Revolution in COPD Health Study
(TORCH) in a post hoc analysis conducted in 658 patients,
almost 50% of the patients had osteoporosis or osteopenia
regardless of sex.”’

Currently the overall prevalence of osteoporosis defined
by low bone mineral density was 35.1% on average, ranging
from 8.7% to 69% more occurred in ill patients and patients
with exacerbation. As a consequence, prevalence of morpho-
metric vertebral fractures in COPD patients has been
reported to be 24%-79%.%°

Osteoporosis could be related with many parameters of
lung functions. In a study performed in 49 COPD patients,
patients with osteoporosis had a significantly lower (BMI)
and higher residual volume (RV) as the percentage of total
lung capacity (RV%TLC) compared to COPD patients with-
out osteoporosis.’

Osteoporosis in COPD may result from several condi-
tions that eventually ended up with vitamin D deficiency and
bone resorption. People with COPD tend to be older, physi-
cally less active, more home-bounded and with less muscle
bulk, which all result in less vitamin D production. As a
major cause of osteoporosis, vitamin D deficiency should be
checked in COPD actively, and replacement therapy should
be considered in patients who are deficient.*

2.3.1 | Noncalcemic effects in COPD

As mentioned previously, 1,25 (OH), D has antimycobacte-
rial, antibacterial and antiviral effects through various mecha-

GC polymorphism and the risk of chronic obstructive pulmonary disease (COPD)>’

Risk
allele

Protective
allele

No of cases/
controls

75164 - GC2
104/413 - GC2
112/183 - -
48/183 GC2
298/237
127 families and - -
304/441

283/308 - -

298/237
113/88
86/21
85/88
63/82
82/82
69/52

GCIF
GCIF -

GCIF -

GCIF -

nisms. Antimicrobial polypeptides such as cathelicidin are
genetically under the control of vitamin D response element
(VDRE)-containing promoters. Cathelicidin functions against
mycobacterium and a number of antibiotic resistant strains
such as Pseudomonas aeruginosa and Staphylococcus aureus,
different viruses and, chlamydia. Those actions have a partic-
ular importance due to the fact that infectious exacerbations
influence COPD disease progression.>>¢->3

Remarkable number of human studies have indicated the
clinical association of vitamin D deficiency and respiratory
infections. In a Finnish study, conducted in 800 healthy
males, subjects with serum 25(OH)D concentrations < 40
nmol/LL. had significantly more days of absence from duty
due to respiratory infection.®® In a study carried out in 2135
patients with prehospitalization vitamin D measurement,
patients with vitamin D < 10 ng/mL had 2.33 times more
hospital acquired bloodstream infection.®’ There is also data
regarding the association of viral infection and vitamin D
deficiency. Both conditions occur more frequently in winter
time and intervention on vitamin D deficiency may improve
outcome of respiratory infections.> In a post- hoc analysis
of Randomised Evaluation of Calcium and/OR vitamin D
(RECORD) trial, conducted in 5292 patients, patients
received either placebo or 800 IU vitamin D and there was
tendency of fewer self-reported infections and antibiotic
usage but this was not statistically significant.®®

There are few data to suggest that vitamin D may be
associated with frequent exacerbations, colonization and bac-
terial eradications.*>*%> In a study originally designed to
investigate the effect of daily azithromycin on COPD exacer-
bations, Kunisaki et al. did not find an association of vitamin
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D level and time to first exacerbation or number of exacerba-
tions. In that study, the vitamin D insufficiency was present
in only 33% of the patients.®* In 97 COPD patients, Wedzi-
cha et al. tested whether vitamin D level and VDR polymor-
phism were associated with exacerbations, human rhinovirus
(HRV) susceptibility and outdoor activity. They found that
low 25-hydroxyvitamin D levels in COPD were not associ-
ated with frequent exacerbations and did not increase suscep-
tibility to HRV exacerbations, however, independent of day
length, patients who spent less time outdoors had lower 25-
hydroxyvitamin D concentration.®> In a Bulgarian study,
conducted during COPD exacerbation, the entry level of
vitamin D is correlated with pulmonary function tests, dysp-
noea level and hospital length of stay but not exacerbation
number in the previous year.®®

In a recent longitudinal study, 77% of the COPD patients
coming from a Primary Care setting showed vitamin D defi-
ciency. After adjustment for effects of supplementation and
stratification according to the level of vitamin D, there was
no difference in exacerbation rate and mortality.®” More
recently 426 COPD patients in Norway was followed for 3
years and the relation with the vitamin D level at the study
entry and exacerbation rate and mortality was evaluated and
found no significant effect.’® In an Italian study conducted in
97 COPD patients, vitamin D deficiency was independently
related with frequent exacerbation and hospitalization in the
preceding year.®

A very recent meta-analysis showed that low levels of
serum vitamin D detected in exacerbated patients compared
to stable COPD patients, however vitamin D deficiency was
not found to be associated with increased risk of COPD
exacerbation.”

Based on the current data, there is no enough evidence to
support the association between vitamin D deficiency and
COPD exacerbation.

2.3.2 | Pulmonary function in COPD and vitamin D deficiency

The strongest evidence for a connection between vitamin D
deficiency and pulmonary function comes from NHANES
II. This cross sectional study showed a strong association
between vitamin D levels and forced expiratory flow in one
second (FEV) and forced vital capacity (FVC). There was a
126 ml and 172 ml mean difference in FEV, and FVC
respectively between the patients with lowest and highest
quintile of vitamin D levels.”' After adjustment for amount
of leisure time activities, milk and antioxidant intake and die-
tary intake, the differences were less but still significant, at
106 and 142 ml, respectively. When inactive patients
excluded from the analysis the difference was still signifi-
cant: 127 ml in FEV; (10,70). Jansens et al. showed that
vitamin D deficiency was more common (60%-77%) in
patients with COPD*> compared with smokers with normal
lung function (31%). The serum vitamin D level was inde-
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pendently correlated with FEV, (r =0.28, P <.0001). Addi-
tionally, vitamin D level was 25% lower in homozygous
carriers of rs7041 atrisk T allele (P <.0001). Logistic
regression analysis showed that people with rs7041 T allele
exhibited a 2.11 times greater risk for COPD.”*

In a longitudinal nested, case-control study in the Lung
Health Study 3 cohort, baseline 25(OH) D levels were com-
pared between rapid and slow lung function decliners. There
was no significant difference in baseline 25(OH)D levels
(25.0 vs. 25.9 ng/mL) between rapid and slow decliners.”®
Vitamin D insufficiency and deficiency were common among
continuous smokers with established mild to moderate
COPD, however; the baseline 25(OH) D levels were not pre-
dictive of subsequent lung function decline.” In the Norway
cohort, vitamin D deficient patients (<10 ng/mL) had greater
FEV, decline when compare the others.®®

In a cross sectional study of COPD patients in the
UK, a relationship was found between dietary vitamin D
intake and FEV;, FEV,/FVC and a negative association
with vitamin D intake and the presence of COPD. How-
ever, the same study failed to show any association
between serum level of vitamin D and FEV, or a positive
association with serum vitamin level and presence of
COPD. VDR genotypes did not have any relationship
with lung function.”* In another study in 433 COPD
(GOLD grade II-IV) and 325 controls showed that COPD
was associated with lower levels of vitamin D (r = —4.34,
P=.001) and COPD patients had more than two times
risk of being vitamin D deficient (OR =2.32, P= .001),
after adjusting for sex, age, body mass index (BMI),
smoking, comorbidities and season. In logistic regression
models, the determinants of vitamin D deficiency were
identified as being worse GOLD grade for airflow limita-
tion, obesity and current smoking.'® In a post hoc analy-
sis, in 498 patients drawn from the Evaluation of COPD
Longitudinally to Identify Predictive Surrogate End-points
(ECLIPSE) cohort, vitamin D level was found to correlate
with FEV, (P=.01) and computerized tomography (CT)
emphysema score (P <.01), VDBP did not show a corre-
lation, although Vitamin D level was inversely correlated
with VDBP (P = .01). In the same study, Vitamin D level
correlated with bronchodilator response, 6 minute walk
distance and Clara cell protein-16.> Most recently, in the
Copenhagen City Heart Study and Copenhagen General
Population Study, it was shown for the first time that low
plasma level of 25(OH)D was associated with a faster
decline of FEV; (OR: 2.30 and 3.06 for the two popula-
tions respectively).”” As a summary most of the studies
are supported that there is a positive relation with vitamin
D level and lung functions. The results of these observa-
tional vitamin D studies on pulmonary function in COPD

. 4.71,72,74
are shown in Table 2.5%6471.72.74.76-78
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2.3.3 | Skeletal muscle weakness in COPD

Vitamin D in the elderly is associated with reductions in not
only bone mineral density but in type 2 muscle fibers.”’
Observational studies report an association between vitamin
D, muscle function and physical performance in the elderly.
In a study conducted in Longitudinal Aging Study Amster-
dam, subjects were asked if they have any difficulty in daily
life physically and in the older patients, vitamin D deficiency
was found to be associated with an increase in limitations at
3 years.®® Korean National Health and Nutrition Examination
Survey included 2258 men and 3005 women over 50 years
showed an inverse association with vitamin D level and sar-
copenia in women.®'

In a meta-analysis conducted in 2009 with 8 randomised
controlled trials in 2426 subjects, daily vitamin D supple-
mentation with 700-1000 IU was found to reduce the fall
risk 19%. The blood level of vitamin D was found over 60
nmol/L to reduce the risk.*> Another meta-analysis on
45 782 people, mainly elderly females, found a significant
reduction in falls with vitamin D supplementation in addition
to calcium administration. The effect was not related to the
dose or form of vitamin D supplementation. The quality of
evidence was low to moderate.®*

Although the mechanisms are not fully elucidated, skele-
tal muscle weakness is a crucial feature and independent
parameter of mortality in COPD.** In COPD patients, 18%
to 36% of patients present with detriment of muscle mass,
which is responsible for weight loss in 17% to 35% of
patients. The estimated overall prevalence of skeletal muscle
weakness in COPD is 20%-30%.%%"

Several studies assessed the association with vitamin D
and muscle dysfunctions in COPD. In a study that examined
the association of the VDR gene and quadriceps strength,
Fokl common variants in the VDR gene were associated
with quadriceps strength in both COPD and control subjects,
whereas the Bsml polymorphism was associated with muscle
strength only in COPD subjects.®® Ferrari et al. also demon-
strated that maximal exercise capacity and carbon monoxide
transfer capacity were positively correlated with serum vita-
min D level.®

In a post-hoc subgroup analysis of a randomized trial on
vitamin D supplementation, muscle strength and exercise
performance were evaluated in 50 COPD patients before and
3 months after initiating 100 000 [U/monthly vitamin D or
placebo. Patients receiving vitamin D had significantly larger
improvements in inspiratory muscle strength and maximal
oxygen uptake. Improvements in quadriceps strength and
six-minute walking distance were not significantly different
from the results in the placebo group.”® In another study
Lange et al. found that vitamin D deficient (<25 nmol/L)
patients had a worse outcome from a rehabilitation pro-
gramme, with more dropouts and worse medical condition.”®
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Bjerk et al. performed a 6-week vitamin D supplementation
trial on COPD patients to test whether 2000 IU daily vitamin
D had any effect on physical performance measured using
the Short Physical Performance Battery compared to placebo.
There was no discernible effect on outcome.”’ In another
recent study, in 104 COPD patients and 100 age- and sex-
matched controls, serum vitamin D level were found to be
same in both groups; vitamin D level was significantly corre-
lated with muscle strength in controls but not in COPD. The
authors suggested that vitamin D resistance may occur in
COPD.”? As a summary, there seems to be no conclusive
results from the existing studies that shows firmly that there
is an association between vitamin D level and a benefit of
vitamin D supplementation and muscle functions in COPD
population. Presumably, the studies were underpowered to
answer that specific questions and well-design studies are
needed.

2.4 | Prevention and treatment of vitamin D deficiency

COPD has systemic consequences or associations that affect
patients’ health®; Cardiovascular disease and cancers are the
most significant comorbidities seen in COPD with an impact
on mortality.”* Low levels of vitamin D are associated with
common comorbidities of COPD'>'®""72 and this has led to
an interest in whether vitamin D supplementation would
have any beneficial effect on mortality and other outcome
parameters. A recent meta-analysis of randomized control tri-
als showed that vitamin D supplementation was associated
with decreased total mortality rate.’> Zittermann et al.
showed that this was not a linear association and the optimal
dose range is between 75 nmol to 87.5 nmol/L.”® Although
the best way to produce vitamin D is sunlight exposure, there
are limitations and hazardous associated with this, so nutri-
tional supplementation is receiving much attention. There is
no worldwide consensus on optimal dietary intakes and opti-
mal levels of serum vitamin D level. Food fortification with
vitamin D2 and Vitamin D3 may have a different effect on
vitamin D serum level; in a 12-week study, vitamin D3 sup-
plementation had the larger effect on serum level of vitamin
D.'” The Institute of Medicine (IOM) suggests a level above
50 nmol/L as being sufficient. However, the International
Osteoporosis Foundation and Endocrine Society suggest an
optimal level of 75 nmol/L for preventing fractures in older
age. This level is also required to balance serum PTH level
and prevent pathological osteoid formation. '*'*°7 Several
attempts have been made to separate out the effect of vitamin
D supplementation alone from its effects when combined
with calcium supplementation, because in some studies, the
beneficial effect of vitamin D has been attributed to addi-
tional calcium. In order to reach 50 nmol/L serum level, 15-
20 pg daily (600-800 IU), for 75 nmol/L serum level, 40-50
png daily (1600-2000 IU) vitamin D supplementation is
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needed. For the other health beneficial effects of vitamin D
such as effects on diabetes, cognitive functioning, muscle
functions, immune functions etc., no adequate data exist."”

2.5 | Adverse health effect of vitamin D

In 2010, the IOM defined 100 pg vitamin D as a safe upper
limit. Care has to be taken about calcium intake, since a very
high calcium intake may increase cardiovascular disease risk,
hypercalciuria and nephrolithiasis.'® In 2012, Durup et al.
reported a reverse J-shaped association between vitamin D level
and all-cause of mortality in a single-center Copenhagen study.
It was a retrospective observational study that analysed 247,574
subjects. During the follow-up (3.07 years), a serum 25(OH)D
level of 50-60 nmol/L. was associated with the lowest mortality
risk. Compared to 50 nmol/L, the hazard ratios for all-cause
mortality at very low (10 nmol/L) and high (140 nmol/L) serum
levels of 25(OH)D were 2.13 and 1.42, respectively. Similarly,
both high and low levels of albumin-adjusted serum calcium
and serum PTH were associated with an increased mortality,
and secondary hyperparathyroidism was associated with higher
mortality.”®

2.6 | Current recommendation for prevention
and treatment

The recent Endocrinology Guideline for vitamin D defi-
ciency recommends that adults above age 50 years require
daily 600-800 IU vitamin D for bone and muscle health.
However, in order to raise blood vitamin D level over
30 mg/dL 1500-2000 IU/d vitamin D will be needed.’ Tt
suggests that all vitamin D deficient adults should be treated
with 50,000 IU of vitamin D2 or vitamin D3 once a week
for 8 weeks or its equivalent of 6000 IU of vitamin D2 or
vitamin D3 daily to achieve a blood level of 25(OH)D above
30 ng/mL, followed by maintenance therapy of 1500-2000
IU/d. Higher doses are needed in obese patients and patients
with malabsorption syndromes. In patients with extrarenal
production of 1,25(OH),D, serial monitoring of 25(OH)D
levels and serum calcium levels should be monitored during
treatment to prevent hypercalcemia.'® It also recommends
vitamin D supplementation for fall prevention, but does not
recommend its use for any noncalcemic effects, such as
reducing cardiovascular risks or death."’

Despite these recommendations, many papers have been
published to intervene vitamin D deficiency for various out-
comes including prevention of osteoporosis, fractures and falls,
prevention and treatment of infections, prevention of COPD
exacerbations. The papers have also tested different targets of
25 (OH)D blood levels with different dosing and treatment
interval. We summarized some of those evidence as follows.
supplementation
reduced nonvertebral fractures and improved muscle strength

Evidence showed that vitamin D

was suggestive but not clearly convincing.”® Additionally, in
a recent study lowest quintile and the highest quintile of
blood vitamin D level (<36 nmol/L and >72 nmol/L)
showed the highest risk of fracture indicating the 60 to 72
nmol/L as the best target for blood level in elderly men.'®
Therefore, the existing target for calcium hemostasis (50-75
nmol/L) is also valid for reducing fall and fracture risk with
the current data.>

In regards with infectious outcomes, a higher blood level of
vitamin is required. The Australian Health Authority
recommends 95 nmol/L serum 25 (OH)D concentration for pre-
vention of respiratory infection.'®" Vitamin D supplementation
has promising effects in several studies on prevention of respira-
tory infection however there is inconsistency causing difficulties
to draw a definitive conclusion.'® In a recent study, an addition
of intermittent bolus-dose vitamin D3 supplementation to a
daily low-dose regimen did not enhance protection against
acute respiratory infection in older adults and their carers The
intervention was associated with increased risk and duration of
upper respiratory infection. Large intermittent oral boluses of
vitamin D supplement has been hypothesised to dysregulate
vitamin D metabolism in extrarenal tissues by causing inap-
propriately low I-alpha-hydroxylase activity coupled with
inappropriately high 24-hydroxylase activity, which may limit
local concentrations of the active vitamin D metabolite 1,25-
dihydroxyvitamin D. It has also been suggested that “parent
vitamin D3” (cholecalciferol) may itself play an important
physiological role since the half-life of this compound is only
~24 h, daily dosing with 400 IU would have caused sustained
elevation of cholecalciferol levels, whereas dosing at 2-month
intervals would not have.'*~'%

In a very recent study, Zittermann et al. suggested proc-
tective effect of vitamin D supplementation for acute respira-
tory infection for individuals with deficit or insufficient
vitamin D. They recommended daily administration of 1000
IU daily vitamin D instead of high dose bolus administration
starting with early autumn to cover winter time.'%

COPD is the main focus of this review. There are two
large studies on COPD and vitamin D supplementation:
Lehouck et al. conducted a one year, single-center, random-
ized, double-blind, placebo-controlled study to test the effect
of monthly 100,000 IU vitamin D supplementation on exac-
erbation rates in 182 COPD patients. It increased the serum
vitamin D level when compared to placebo, but the median
time to first exacerbation, exacerbation rates, FEV, hospital-
isation, quality of life and death did not differ between
groups. However, a post-hoc analysis carried out in 30
patients with severe vitamin D deficiency (< 10 ng/mL) at
baseline showed a significant reduction in exacerbations in
the vitamin D group.'’

More recently, Vitamin D3 supplementation in patients
with chronic obstructive pulmonary disease (ViDiCO) study
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has been conducted to evaluate several COPD related out-
comes. 240 COPD patients were randomly allocated to the
vitamin D3 and placebo groups. Vitamin D3 supplementa-
tion did not affect time to first moderate or severe exacerba-
tion or time to first upper respiratory infection. Prespecified
subgroup analysis showed that vitamin D3 was protective
against moderate or severe exacerbation in participants with
baseline serum 25-hydroxyvitamin D concentrations of less
than 50 nmol/L. Baseline vitamin D status did not modify
the effect of the intervention on risk of upper respiratory

infection.'®®

3 | CONCLUSION

Both vitamin D and COPD are worldwide health problems.
Vitamin D has been known for a long time to be related with
bone and muscle health. However, evidence has accumulated
that more attention should be paid to its noncalcemic effects,
particularly in chronic disease. In COPD, research to date
has resulted in conflicting data and without concrete conclu-
sions. We do not know if vitamin D deficiency is a risk fac-
tor for COPD onset or progression even though vitamin D
deficiency is very prevalent in COPD patients and higher
than non-COPD population. There might be common risks
factors for COPD severity and vitamin D deficiency. More
severe COPD patients tend to stay home and are physically
less active, which are also risk factors for vitamin D defi-
ciency. Vitamin D has been shown to be related to many
conditions associated with COPD, such as osteoporosis,
muscle weakness, infection and cardiovascular disease. This
may provide a beneficial effect in preventing falls in addition
to preventing and treating osteoporosis. We lack any firm
data to recommend higher doses of supplementation to pre-
vent COPD onset, progression and exacerbation. There is
more future research to test whether vitamin D supplementa-
tion has any beneficial effects on COPD associated comor-
bidities and overall quality of life and mortality.

CONFLICT OF INTEREST

The authors have stated explicitly that there are no con-
flicts of interest in connection with this article.

AUTHOR CONTRIBUTIONS

Kokturk Nurdan: Corresponding author, designed paper,
wrote the paper

Baha Ayse: Wrote the paper,
reagents

Oh Yeon-Mok: Contributed important reagents

Jung Young Ju: Contributed important reagents

Jones W Paul: Checked the paper, contributed important
reagents

Contributed important

WILEY >

REFERENCES

[1] Arabi A, Rassi R, El-Hajj Fuleihan G. Hypovitaminosis
D in developing countries-prevalence, risk factors and
outcomes. Nat Rev Endocrinol. 2010;6:550-556.

[2] Vestbo J, Hurd SS, Agusti AG, et al. Global strategy
for the diagnosis, management, and prevention of
chronic obstructive pulmonary disease GOLD executive
summary. Am J Respir Crit Care Med. 2013;187(4):
347-365.

[3] Peterlik M, Boonen S, Cross HS, Lamberg-Allardt C.
Vitamin D and calcium insufficiency-related chronic dis-
eases: an emerging world-wide public health problem.
Int J Environ Res Public Health. 2009;6:2585-2607.

[4] Van Schoor NM, Lips P. Worldwide vitamin D status. Best
Pract Res Clin Endocrinol Metabol. 2011;25:671-680.

[5] Burney P, Jithoo A, Kato B, For the Burden of Obstruc-
tive Lung Disease (BOLD) Study, et al. Chronic
obstructive pulmonary disease mortality and prevalence:
the associations with smoking and poverty-a BOLD
analysis. Thorax. 2014;69:465-473.

[6] Lips P. Vitamin D physiology. Prog Biophys Mol Biol.
2006;92(1):4-8.

[7] Holick MF. McCollum award lecture 1994: vitamin D:
new horizons for the 21st century. Am J Clin Nutr.
1994:60:619-630.

[8] Holick MF. Resurrection of vitamin D deficiency and
rickets. J Clin Invest. 2006;116:2062-2072.

[9] Hughes DA, Norton R. Vitamin D and respiratory
health. Clin Exp Immunol. 2009;158:20-25.

[10] Gilbert CR, Arum SM, Smith CM. Vitamin D defi-
ciency and chronic lung disease. Can Respir J. 2009;16
(3):75-80.

[11] Norman AW, Bouillon R, Whiting SJ, Vieth R, Lips P.
131 Workshop consensus for vitamin D nutritional
guidelines. J Steroid Biochem Mol Biol. 2007;103:204—
205.

[12] Vu LH, Whiteman DC, van der Pols JC, Kimlin MG,
Neale RE. Serum Vitamin D Levels in Office Workers
in a Subtropical Climate. Photochem Photobiol. 2011,
87:714-720.

[13] Holick MF, Binkley NC, Bischoff-Ferrari HA, et al.
Evaluation, treatment, and prevention of vitamin D defi-
ciency: an Endocrin Society clinical practice guideline.
J Clin Endocrinol Metab. 2011;96:1911-1930.

[14] Waterhouse M, Tran B, Armstrong BK, et al. Environ-
mental, personal, and genetic determinants of response
to vitamin D supplementation in older adults. J Clin
Endocrinol Metab. 2014;99:1332-1340.

[15] Quint JK, Wedzicha JA. Is vitamin D deficiency impor-
tant in the natural history of COPD? Thorax. 2010;65
(3):192-194.

[16] Hypponen E, Power C. Hypovitaminosis D in British
adults at age 45 y: nation wide cohort study of dietary



KOKTURK ET AL.

* | WILEY

and lifestyle predictors. Am J Clin Nutr. 2007;85:860—
868.

[17] Ampikaipakan SN, Hughes DA, Hughes JC, Amen T,
Bentham G, Wilson AM. Vitamin D and COPD: sea-
sonal variation is important. Thorax. 2011;66(6):541—
542.

[18] Persson LIJP, Aanerud M, Hiemstra PS, Hardie JA,
Bakke PS, Eagan TML. Chronic obstructive pulmonary
disease is associated with low levels of vitamin D. Plos
One. 2012;7(6):e38934

[19] Brouwer-Brolsma EM, Bischoft-Ferrari HA, Bouillon
R, Feskens EJM, Gallagher CJ, Hypponen E. Vitamin
D: do we get enough? A discussion between vitamin D
experts in order to make a step towards the harmonisa-
tion of dietary reference intakes for vitamin D across
Europe. Osteoporos Int. 2013;24:1567-1577.

[20] Lucasa RM, Ponsonby AL, Deara K, et al. Vitamin D
status: multifactorial contribution of environment, genes
and other factors in healthy Australian adults across a
latitude gradient. J Steroid Biochem Mol Biol. 2013;
136:300-308.

[21] Brot C, Jorgensen NR. The influence of smoking on
vitamin D status and calcium metabolism. Eur J Clin
Nutr. 1999;53:920-926.

[22] Supervia A, Nogués X, Enjuanes A, et al. Effect of
smoking and smoking cessation on bone mass, bone
remodeling, vitamin D, PTH and sex hormones.
J Musculoskelet Neuronal Interact. 2006;6:234-241.

[23] Kim D, Kim J. Association between serum 25-
hydroxyvitamin D levels and adiposity measurements in
the general Korean population. Nutr Res Pract. 2016;10
(2):206-211.

[24] Tosunbayraktar G, Bas M, Kut A, Buyukkaragoz AH.
Low serum 25(OH)D levels are associated to higher
BMI and metabolic syndrome parameters in adult sub-
jects in Turkey. Afr Health Sci. 2015;15(4):1161-1169.

[25] Girgis CM. Vitamin D and muscle function in the
elderly: the elixir of youth? Curr Opin Clin Nutr Metab
Care. 2014;17:546-550.

[26] Lips P. Vitamin D status and nutrition in Europe and
Asia. J Steroid Biochem Mol Biol. 2007;103:620-625.

[27] Atli T, Gullu S, Uysal AR, Erdogan G. The prevalence
of vitamin D deficiency and effects of ultraviolet light
on vitamin D levels in elderly Turkish population. Arch
Gerontol Geriatr. 2005;40(1):53-60.

[28] Hekimsoy Z, Din¢ G, Kafesciler S, Onur E, Giiveng Y,
Pala T. Vitamin D status among adults in the Aegean
region of Turkey. BMC Public Health. 2010;10:782

[29] Forrest KY, Stuhldreher WL. Prevalence and correlates
of vitamin D deficiency in US adults. Nutr Res. 2011;
31:48-54.

[30] Oliveri B, Plantalech L, Bagur A, et al. High prevalence
of vitamin D insufficiency in healthy elderly people liv-

ing at home in Argentina. Eur J Clin Nutr. 2004;58:
337-342.

[31] Gonzalez G, Alvarado JN, Rojas A, et al. High preva-
lence of vitamin D deficiency in Chilean healthy post-
menopausal women with normal sun exposure:
additional evidence for a worldwide concern. Meno-
pause. 2007;14:455-461.

[32] Saraiva GL, Cendoroglo MS, Ramos LR, et al. Influ-
ence of ultraviolet radiation on the production of 25
hydroxyvitamin D in the elderly population in the city
of Sao Paulo (23 degrees 34’S), Brazil. Osteoporos Int.
2005;16:1649-1654.

[33] Choi HS. Vitamin D Status in Korea. Endocrinol
Metab. 2013;28:12-16.

[34] Uitterlinden AG, Fang Y, Van Meurs JB, Pols HA, Van
Leeuwen JP. Genetics and biology of vitamin D recep-
tor polymorphisms. Gene. 2004;338:143-156.

[35] Janssens W, Lehouck A, Carremans C, Bouillon R,
Mathieu C, Decramer M. Vitamin D beyond bones in
chronic obstructive pulmonary disease. Time to act. Am
J Respir Crit Care Med. 2009;179:630-636.

[36] Pfeffer PE, Hawrylowicz CM. Vitamin D and lung dis-
ease. Thorax. 2012;67:1018-1020.

[37] Chishimba L, Thickett DR, Stockley RA, Wood AM.
The vitamin D axis in the lung: a key role for vitamin
D-binding protein. Thorax. 2010;65:456-462.

[38] Schneider GB, Grecco KJ, Safadi FF, Popoff SN. The
anabolic effects of vitamin D-binding protein-macro-
phage activating factor (DBP-MAF) and a novel small
peptide on bone. Crit Rev Eukaryot Gene Expr. 2003;
13(2-4):277-284.

[39] Dimeloe S, Hawrylowicz C. A direct role for vitamin
D-binding protein in the pathogenesis of COPD?
Thorax. 2011;66:189-190.

[40] Bischoft-Ferrari HA, Dietrich T, Orav EJ, et al. Higher
25-hydroxyvitamin D concentrations are associated with
beter lower-extremity function in bothactive and inac-
tive persons aged > 60 y. Am J Clin Nutr. 2004;80:752—
758.

[41] Giovannucci E, Liu Y, Rimm EB, et al. Prospective
study of predictors of vitamin D status and cancer inci-
dence and mortality in men. J Natl Cancer Inst. 2006;
98:451-459.

[42] http://ihm.nlm.nih.gov/images/B08300%20

[43] Skaaby T, Husemoen LL, Pisinger C, et al. Vitamin D
status and cause-specific mortality: a general population
study. PLoS One. 2012;7(12):e52423

[44] Skaaby T, Husemoen LL, Thuesen BH, et al. Vitamin d
status and chronic obstructive pulmonary disease: a pro-
spective general population study. PLoS One. 20149
(3):90654

[45] Lykkedegn S, Sorensen XGL, Beck-Nielsen SS, Chris-
tesen HT. The impact of vitamin D on fetal and


http://ihm.nlm.nih.gov/images/B08300%20

KOKTURK ET AL.

neonatal lung maturation. A systematic review. Am J
Physiol Lung Cell Mol Physiol. 2015;308:587-602.

[46] Zosky GR, Berry LJ, Elliot JG, James AL, Gorman S,
Hart HP. Vitamin D deficiency causes deficits in lung
function and alters lung structure. Am J Respir Crit
Care Med. 2011;183(10):1336-1343.

[47] Hart PH, Lucas RM, Walsh JP, et al. Vitamin D in fetal
development: findings from a birth cohort study. Pedia-
trics. 2015;135:168-173.

[48] Allan KM, Prabhu N, Craig LCA, et al. Maternal vita-
min D and E intakes during pregnancy are associated
with asthma in children. Eur Respir J. 2015;45:1027—
1036.

[49] Dror DK. Vitamin D status during pregnancy: maternal,
fetal, and postnatal outcomes. Curr Opin Obstet Gyne-
col. 2011;23(6):422-426.

[50] Bantz SK, Zhu Z, Zheng T. The role of vitamin D in
pediatric asthma. Ann Pediatr Child Health. 2015;3(1):
1-13.

[51] Brostrom EB, Akre O, Katz-Salamon M, Jaraj D,
Kaijser M. Obstructive pulmonary disease in old age
among individuals born preterm. Eur J Epidemiol.
2013;28(1):79-85.

[52] Holick MF. Vitamin D deficiency. N Engl J Med. 2007,
357:266-281.

[53] Banerjee A, Panettieri R. Jr, Vitamin D modulates air-
ways smooth muscle function in COPD. Curr Opin
Pharmacol. 2012;12:266-274.

[54] Schellenberg D, Paré PD, Weir TD, Spinelli JJ, Walker
BAM, Sandford AJ. Vitamin D binding protein variants
and the risk of COPD. Am J Respir Crit Care Med.
1998;157:957-961.

[55] Afzal S, Lange P, Bojesen SE, Freiberg JJ, Nordest-
gaard BG. Thorax. 2014;69:24-31.

[56] Sin DD, Man JP, Man SF. The risk of osteoporosis in
Caucasian men and women with obstructive airways
disease. Am J Med. 2003;114:10-14.

[57] Ferguson GT, Calverley PMA, Anderson JA, et al.
Prevalence and progression of osteoporosis in patients
with COPD. Chest. 2009;136:1456-1465.

[58] Inoue D, Watanabe R, Okazaki R. COPD and osteopo-
rosis: links, risks, and treatment challenges. Int J
COPD. 2016;11:637-648.

[59] Graat-Verboom L, Smeenk FWJM, van den Borne BEEM,
et al. Risk factors for osteoporosis in Caucasian patients
with moderate chronic obstructive pulmonary disease: a
case control study. Bone. 2012;50:1234-1239.

[60] Laaksi I, Ruohola JP, Tuohimaa P, et al. An association
of serum vitamin D concentrations <40 nmol/L with
acute respiratory tract infection in young Finnish men.
Am J Clin Nutr. 2007;86(3):714-717.

[61] Quraishi SA, Litonjua AA, Moromizato T, et al. Asso-
ciation between prehospital vitamin D status and

WILEY-

hospital-acquired bloodstream infections. Am J Clin
Nutr. 2013;98:952-959.

[62] Cannel JJ, Vieth R, Umhau JC, et al. Epidemic influ-
enza and vitamin d. Epidemiol Infect. 2006;134:1129—
1140.

[63] Avenell A, Cook JA, Maclennan GS, Macpherson GC.
Vitamin D supplementation to prevent infections: a sub-
study of a randomised placebo controlled trial in older
people (RECORD trial, ISRCTN 51647438). Age Age-
ing. 2007;36:574

[64] Kunisaki KM, Niewoehner DE, Connett JE. Vitamin D lev-
els and risk of acute exacerbations of chronic obstructive
pulmonary disease. A prospective cohort study. Am J Respir
Crit Care Med. 2011;185(3):286-290.

[65] Quint JK, Donaldson GC, Wassef N, Hurst JR, Thomas
M, Wedzicha JA. 25-hydroxyvitamin D deficiency,
exacerbation frequency and human rhinovirus exacerba-
tions in chronic obstructive pulmonary disease. BMC
Pulm Med. 2012;12:28.

[66] Mekov E, Slavova Y, Tsakova A, et al. Vitamin D defi-
ciency and insufficiency in hospitalized COPD patients.
PLoS One. 2015;10(6):e0129080

[67] Puhan MA, Siebeling L, Frei A, Zoller M, Bischoff-Fer-
rari H, Ter Riet G. No association of 25-
hydroxyvitamin D with exacerbations in primary care
patients with COPD. Chest. 2014;145(1):37-43.

[68] Persson LJP, Aanerud M, Hiemstra MS, et al. Vitamin
D, vitamin D binding protein, and longitudinal out-
comes in COPD. PLoS One. 2015;10(3):¢0121622.

[69] Malinovschi A, Masoero M, Bellocchial M, et al.
Severe vitamin D deficiency is associated with frequent
exacerbations and hospitalization in COPD patients.
Respir Res. 2014;15:131.

[70] Zhu M, Wang T, Wang C, Ji Y. The association between
vitamin D and COPD risk, severity, and exacerbation: an
updated systematic review and meta-analysis. Int J Chron
Obstruct Pulmon Dis. 2016;11:2597-2607.

[71] Black PN, Scragg R. Relationship between serum 25-
hydroxyvitamin D and pulmonary function in the third
national health and nutrition examination survey. Chest.
2005;128:3792-3798.

[72] Janssens W, Bouillon R, Claes B, et al. Vitamin D defi-
ciency is highly prevalent in COPD and correlate swith
variants in the vitamin D-binding gene. Thorax. 2010;
65:215-220.

[73] Kunisaki KM, Niewoehner DE, Singh RJ, Connett JE.
Vitamin D status and longitudinal lung function decline in
the lung health study. Eur Respir J. 2011;37(2):238-243.

[74] Shaheen SO, Jameson KA, Robinson SM, et al. Rela-
tionship of vitamin D status to adult lung function and
COPD. Thorax. 2011;66:692-698.

[75] Berg I, Hanson C, Sayles H, et al. Vitamin D, vitamin
D binding protein, lung function and structure in
COPD. Respir Med. 2013;107(10):1578-1588.



KOKTURK ET AL.

* | WILEY

[76] Hanson C, Rutten EPA, Wouters EFM, Rennard S. Diet
and vitamin D as risk factors for lung impairment and
COPD. Transl Res. 2013;162:219-236.

[771 Wood AM, Bassford C, Webster D, et al. Vitamin D-
binding protein contributes to COPD by activation of
alveolar macrophages. Thorax. 2011;66(3):205-210.

[78] Lange NE, Sparrow D, Vokonas P, Litonjua AA. Vita-
min D deficiency, smoking, and lung function in the
normative aging study. Am J Respir Crit Care Med.
2012;186(7):616-621.

[79] Sanders KM, Scott D, Ebeling PR. Vitamin D defi-
ciency and its role in muscle-bone interactions in the
elderly. Curr Osteoporos Rep. 2014;12:74-81.

[80] Sohl E, van Schoor NM, de Jongh RT, Visser M, Deeg
DJH, Lips P. Vitamin D status is associated with func-
tional limitations and functional decline in older individ-
uals. J Clin Endocrinol Metab. 2013;98:1483-1490.

[81] Park S, Hamb JO, Lee BK. A positive association of
vitamin D deficiency and sarcopenia in 50 year old
women, but not men. Clin Nutr. 2014;33:900-905.

[82] Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin B,
et al. Fall prevention with supplemental and active
forms of vitamin D: a meta-analysis of randomised con-
trolled trials. BMJ. 2009;339:b3692.

[83] Murad MH, Elamin KB, Elnour NOA, et al. The effect
of vitamin D on falls: a systematic review and meta-anal-
ysis. J Clin Endocrinol Metab. 2011; 96(10):2997-3006.

[84] Swallow EB, Reyes D, Hopkinson NS, et al. Quadri-
ceps strength predicts mortality in patients with moder-
ate to severe chronic obstructive pulmonary disease.
Thorax. 2007;62(2):115-120.

[85] Schols AM, Soeters PB, Dingemans AM, Mostert R,
Frantzen PJ, Wouters EF. Prevalence and characteristics
of nutritional depletion in patients with stable COPD
eligible for pulmonary rehabilitation. Am Rev Respir
Dis. 1993;147:1151-1156.

[86] Donaldson AV, Maddocks M, Martollini D, Polkey MI,
Man WD. Muscle function in COPD: a complex inter-
play. Int J COPD. 2012;7:523-535.

[87] Cielen N, Maes K, Gayan-Ramirez G. Musculoskeletal
disorders in COPD. Bio Med Res Int. 2014;2014:9657—
9664.

[88] Hopkinson NS, Li KW, Kehoe A, et al. Vitamin D
receptor genotypes influence quadriceps strength in
chronic obstructive pulmonary disease. Am J Clin Nutr.
2008;87:385-390.

[89] Ferrari M, Schenk K, Papadopoulou C, Ferrari P, Carbo-
nare LD, Bertoldo F. Serum 25-hydroxy vitamin D and
exercise capacity in COPD. Thorax. 2011;66(6):544-545.

[90] Hornikx M, Remoortel HV, Lehouck A, et al. Vitamin
D supplementation during rehabilitation in COPD: a

secondary analysis of a randomized trial. Respir Res.
2012;13:84

[91] Bjerk SM, Edgington BD, Rector TS, Kunisaki KM.
Supplemental vitamin D and physical performance in
COPD: a pilot randomized trial. Int J Chron Obstruct
Pulmon Dis. 2013;8:97-104.

[92] Jackson AS, Shrikrishna D, Kelly JL, et al. Vitamin D
and skeletal muscle strength and endurance in COPD.
Eur Respir J. 2013;41:309-316.

[93] Global Initiative for Chronic Obstructive Lung Disease.
Global strategy for the diagnosis, management, and pre-
vention of chronic obstructive pulmonary disease.
Update 2014.

[94] Calverley PM, Anderson JA, Celli B, et al. Salmeterol
and fluticasone propionate and survival in chronic
obstructive pulmonary disease. N Engl J Med. 2007,
356:775-789.

[95] Autier P, Gandini S. Vitamin D supplementation and
total mortality: a meta-analysis of randomized controlled
trials. Arch Intern Med. 2007;167:1730-1737.

[96] Zittermann A, Iodice S, Pilz S, Grant WB, Bagnardi V,
Gandini S. Vitamin D deficiency and mortality risk in
the general population: a meta-analysis of prospective
cohort studies. Am J Clin Nutr. 2012;95:91-100.

[97] Dawson-Hughes B, Mithal A, Bonjour JP, et al. IOF
positions tatement: vitamin D recommendations for
older adults. Osteoporos Int. 2010;21:1151-1154.

[98] Durup D, Jgrgensen HL, Christensen J, Schwarz P,
Heegaard AM, Lind B. A reverse J-shaped association
of all-cause mortality with serum 25-Hydroxyvitamin D
in general practice the COPD study. J Clin Endocrinol
Metab. 2012;97(8):2644-2652.

[99] Theodoratou E, Tzoulaki I, lecturer, Zgaga L, Ioannidis
JPA. Vitamin D and multiple health outcomes: umbrella
review of systematic reviews and meta-analyses of
observational studies and randomised trials. BMJ. 2014,
348:22035.

[100] Bleicher K, Cumming RG, Naganathan V, et al. U-
shaped association between serum 25-hydroxyvitamin D
and fracture risk in older men: results from the prospec-
tive population-based CHAMP study. J Bone Miner
Res. 2014;29(9):2024-2031.

[101] Spedding S, Vanlint S, Morris H, Scragg R. Does vita-
min D sufficiency equate to a single serum 25-
hydroxyvitamin D level or are different levels required
for non-skeletal diseases? Nutrients. 2013;5:5127-5139.

[102] Kearns MD, Alvarez JA, Seidel N, Tangpricha V. The
impact of vitamin D on infectious disease: a systematic
review of controlled trials. Am J Med Sci. 2015;349(3):
245-262.

[103] Martineau AR, Hanifa Y, Witt KD, et al. Double-blind
randomised controlled trial of vitamin D3 supplementa-
tion for the prevention of acute respiratory infection in
older adults and their carers (ViDiFlu). Thorax. 2015;
70:953-960.



KOKTURK ET AL.

[104] Vieth R. How to optimize vitamin D supplementation to pre-
vent cancer, based on cellular adaptation and hydroxylase
enzymology. Anticancer Res. 2009;29:3675-3636.

[105] Hollis BW, Wagner CL. The role of the parent compound
vitamin D with respect to metabolism and function: why
clinical dose intervals can affect clinical outcomes. J Clin
Endocrinol Metab. 2013;98:4619-4628.

[106] Zittermann A, Pilz S, Hoffmann H, Mirz W. Vitamin D
and airway infections: a European perspective. Eur J
Med Res. 2016;21:14

[107] Lehouck A, Mathieu C, Carremans C, et al. High doses
of vitamin D to reduce exacerbations in chronic obstruc-

tive pulmonary disease a randomized trial. Ann Intern
Med. 2012;156:105-114.

WILEY-

[108] Martineau AR, James WY, Hooper RL, et al. Vitamin
D3 supplementation in patients with chronic obstructive
pulmonary disease (ViDiCO): a multicentre, double-
blind, randomised controlled trial. Lancet Respir Med.
2015;3:120-130.

How to cite this article: Kokturk N, Baha A, Oh
Y-M, Young Ju J, Jones PW. Vitamin D deficiency:
What does it mean for chronic obstructive pulmonary
disease (COPD)? a compherensive review for pulmo-
nologists. Clin Respir J. 2018;12:382-397. https:/
doi.org/10.1111/crj.12588



https://doi.org/10.1111/crj.12588
https://doi.org/10.1111/crj.12588

