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Organ Failure (CIRO +), Horn, the Netherlands, and *Department of Clinical Chemistry, Maastricht University Medical Centre (MUMC +),
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Background. Chronic obstructive pulmonary disease (COPD) is as-
sociated with several extrapulmonary effects that contribute to
the severity of the disease. Vitamin D is suggested to play a role
in COPD and its related extrapulmonary effects. Aims. To deter-
mine the prevalence of vitamin D deficiency and its relation with
bone density, muscle strength, and exercise capacity in patients
with COPD. Methods. Our cross-sectional study included patients
with moderate to very severe COPD. We collected data on lung
function, body composition, bone density, quadriceps muscle
strength, 6-minute walking distance, and plasma 25-hydroxyvita-
min D (25(0H)D) concentration. Vitamin D deficiency was defined
as plasma 25(0H)D concentration below 50 nmol/L. Results. In
total, 151 COPD patients were included; 87 patients (58%) had vi-
tamin D deficiency. Plasma 25(0H)D concentration was positively
associated with bone density (P = 0.005) and 6-minute walking
distance (P < 0.001) after adjustment for potential confounders.
Plasma 25(OH)D concentration was not associated with quadri-
ceps muscle strength. Conclusions. The majority of COPD patients
had vitamin D deficiency. Plasma 25(0H)D concentration was
positively associated with bone density and exercise capacity.
Intervention studies are necessary to determine whether vitamin
D supplementation is of benefit in the prevention or treatment of
osteoporosis and poor exercise capacity in patients with COPD.

Key words: Bone density, chronic obstructive pulmonary disease,
exercise capacity, muscle strength, osteoporosis, vitamin D

Introduction

Chronic obstructive pulmonary disease (COPD) is primarily
characterized by the presence of air-flow limitation that is not
fully reversible (1). However, COPD is also characterized by ex-
trapulmonary effects that may contribute to the severity of the
disease (2). Osteoporosis, impaired skeletal muscle strength, and
poor exercise capacity can be considered as extrapulmonary ef-
fects of COPD, as these are more frequently observed in patients
with COPD than in age-matched controls (3-5).

Key messages

e Vitamin D deficiency is very common in patients with
COPD.

e Plasma 25(OH)D concentration is independently
associated with bone mineral density and exercise
capacity in patients with COPD.

e Intervention studies are necessary to determine whether
vitamin D supplementation might be of benefit in
the prevention or treatment of osteoporosis and poor
exercise capacity in patients with COPD.

Osteoporosis is characterized by low bone mineral density or
micro-architectural changes resulting in impaired bone strength
and hence increased fracture risk (6). Bone strength is influenced
by the rate of bone remodelling and the balance between bone
formation and resorption. Several factors, like systemic inflam-
mation, use of oral and inhaled corticosteroids, and vitamin D
deficiency, have been suggested to interact with pathways of bone
remodelling in patients with COPD (7).

In healthy individuals the role of vitamin D in bone health is
well established (8). Vitamin D is important in maintaining calci-
um homeostasis and subsequently mineralization of bone. Indeed,
in a randomized controlled trial with subjects aged 65-85 years oral
vitamin D supplementation reduced the number of fractures (9).

Another COPD-related systemic effect is skeletal muscle
dysfunction (4). Skeletal muscle dysfunction is an independent
predictor of mortality in patients with COPD (10). It is charac-
terized by two related phenomena: net loss of muscle mass and
malfunctioning of the muscle (11). Indeed, in patients with COPD
reduced skeletal muscle mass has been related with impaired skeletal
muscle strength. However, many more patho-physiological find-
ings, such as physical inactivity, use of corticosteroids, abnormal
protein turnover, systemic inflammation, vitamin D deficiency, and
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angiotensin-converting enzyme and vitamin D receptor genotypes,
have been related with skeletal muscle dysfunction.

Vitamin D is suggested to affect muscle strength and function
by several processes, including calcium homeostasis, cell prolifer-
ation, cell differentiation, fibre size, prevention of fatty degenera-
tion, protection against insulin resistance, and arachidonic acid
mobilization (12). Indeed, vitamin D receptors were identified in
human skeletal muscle tissue (13), and a meta-analysis demon-
strated that vitamin D supplementation reduced the risk of falling
among older individuals (14).

Nowadays, it is suggested that vitamin D plays an important
role in COPD and its related systemic effects (15). Recent data
showed that the prevalence of vitamin D deficiency was higher
in patients with COPD than in smoking controls (16). Addition-
ally, in patients with advanced pulmonary diseases waiting for
lung transplantation vitamin D deficiency was associated with
reduced femur neck T-scores (17) and a lower 6-minute walking
distance (18). Moreover, in patients with COPD FokI and BsmlI
polymorphisms of the vitamin D receptor gene were associated
with quadriceps muscle strength (19).

Based on these findings we hypothesized that vitamin D might
play a role in COPD-related osteoporosis and skeletal muscle dys-
function. The aims of our cross-sectional study were to examine
the prevalence of vitamin D deficiency and its relation with bone
mineral density, quadriceps muscle strength, and functional exer-
cise capacity in patients with COPD.

Subjects and methods

Subjects

Data were extracted from the records of 168 clinically stable
patients with COPD who were evaluated at CIRO*, Centre of
Expertise for Chronic Organ Failure, in Horn (the Netherlands)
between June and September 2009. The inclusion criteria were:
Caucasian race, aged 40 years or older, and moderate to very
severe COPD according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guidelines (1). In total, 151
patients fulfilled the inclusion criteria. Seventeen patients were
excluded due to the following: 1 patient was 37 years old, 4 pa-
tients had an FEV /FVC (forced expiratory volume in 1 second/
forced vital capacity) ratio above 0.70, 7 patients had mild COPD,
and in 5 patients no blood samples were collected. Because of the
use of de-identified and pre-existing data, our retrospective study
is institutional review board exempt.

Measurements

Before entering pulmonary rehabilitation, all patients were
screened for disease-related physiological problems. Medical
Research Council (MRC) dyspnoea scale was used to assess dys-
pnoea perception. Daily vitamin D intake was assessed using a
validated cross-check dietary history method and calculated us-
ing the Dutch Food Composition Database.

Pulmonary function measurements were performed with stan-
dardized equipment (Masterlab®, Jaeger, Germany) according
to the American Thoracic Society (ATS)/European Respiratory
Society (ERS) guidelines. Forced expiratory volume in 1 second
(FEV)) and forced vital capacity (FVC) were measured. The dif-
fusing capacity of the lung (D; CO) was determined by the single
breath carbon monoxide gas transfer method and expressed as
percentage predicted of reference values.

Total body weight and height were measured to calculate body
mass index (BMI). Fat-free mass (FFM) was measured by using
dual-energy X-ray absorptiometry (Lunar Prodigy system, GE

Healthcare, Madison, USA). Furthermore, FFM index (FFMI)
was calculated as FFM divided by height?.

Bone mineral density was measured at the hip and the lumbar
spine (L1-L4) by dual-energy X-ray absorptiometry. Diagnosis of
osteoporosis was based on the lowest T-score of these locations
and defined according to the World Health Organization (osteo-
porosis: T-score =-2.5; osteopenia: T-score between -1.0 and
-2.5; and normal bone tissue: T-score = -1.0) (6).

Isometric quadriceps maximum voluntary contraction strength
(QMVC) was measured using a Biodex dynamometer (Biodex
Medical Corporation, Shirley, NY). The best of three efforts was
used. The 6-minute walking distance (6MWD), including a prac-
tice walk, was determined to assess functional exercise capacity.

Plasma 25-hydroxyvitamin D (25(OH)D) concentration was
assayed by radioimmunoassay (Immunodiagnostic Systems,
Boldon, UK) at the department of Clinical Chemistry of Maas-
tricht University Medical Centre™, the Netherlands. The serum
was extracted with acetonitrile in alkaline conditions to precipi-
tate serum proteins. Next, the radioimmunoassay was performed
using sheep anti-25(OH)D and '2°I 25(OH)D. Precipitation of the
formed antigen-antibody complex was obtained by adding anti-
sheep IgG coupled to cellulose.

Data on the optimal plasma 25(OH)D concentration for bone
and muscle health are conflicting. A Dutch population-based
study determined the threshold plasma 25(OH)D concentration
with regard to parathyroid hormone, bone turnover markers, bone
mineral density, and physical performance in a subpopulation of
the Longitudinal Aging Study Amsterdam (20). They showed
a threshold of about 40 nmol/L for osteocalcin and deoxypyri-
dinoline/creatinine, 50 nmol/L for bone mineral density, and 60
nmol/L for physical performance. In our study plasma 25(OH)
D concentrations below 50 nmol/L (20 ng/mL) were classified as
deficient (16,21,22).

Statistical analysis

All statistical analyses were performed using Statistical Package
for Social Sciences version 17.0 (SPSS, Inc., Chicago, IL, USA).
Two-sided P values <0.05 were considered statistically signifi-
cant. All data were first assessed for normal distribution.

Discrete variables were compared by the chi-square test and
presented as percentages. Moreover, continuous variables were
presented as mean = standard deviation (SD) and were compared
by the standardized Student ¢ test.

Determinants of bone mineral density, quadriceps muscle
strength, and functional exercise capacity were assessed by standard
multiple regression analyses (enter procedure). Covariates were
based on the literature. Covariates used to assess determinants of
the lowest T-score were gender, age, BMI, FEV , 25(OH)D, 6MWD,
and corticosteroid use (3,6,7,23). Additionally, covariates used to
assess determinants of quadriceps muscle strength and functional
exercise capacity were gender, age, height, FEMI, FEV, 25(OH)D,
MRC, and 6MWD or QMVC (4,24). These covariates were includ-
ed into the final multivariate regression analyses when significant
at P<<0.10 in the univariate regression analyses. Multicollinearity
was assessed by Pearson correlation, tolerance, and variance infla-
tion factor (VIF). We found no multicollinearity between variables
(Pearson correlation <0.70, tolerance > 0.2, and VIF < 10).

Results

Characteristics and vitamin D status
In total, 151 patients with moderate to very severe COPD entering
pulmonary rehabilitation met the inclusion criteria. All data were



Table I. Patients’ characteristics.

Vitamin D and chronic obstructive pulmonary disease

Total group

Normal vitamin D

Vitamin D deficiency

(n=151) (n=164) (n=187) P value
25(OH)D, nmol/L 49.0+16.1 64.4+10.7 37.7%X79 <0.001
Men, n (%) 88 (58) 39 (61) 48 (55) 0.479
Age, years 64.8 8.8 64.2+9.1 65.3*+8.6 0.479
BMI, kg/mz 25.1*54 24.5*3.6 256 6.4 0.179
FEV |, % predicted 45.8 £16.6 49.2*+15.7 43.3*16.8 0.032
FVC, % predicted 94.7 =20.6 100.5*+20.9 90.5*+19.4 0.003
GOLD stage 0.001

11, % 28 38 21

111, % 36 42 31

IV, % 36 20 48
D,CO, % predicted 53.2*19.7 55.6 £22.0 51.4%*17.7 0.157
PaO,, kPa 9.6*+1.3 9.7*x14 9.6*+1.2 0.415
PaCO,, kPa 53*0.6 52%*0.6 54*06 0.099
MRC score 35*+1.1 36*1.0 35*1.1 0.789
BMD

Lumbar spine, g/cm? 1.08 £0.20 1.11+0.21 1.06 £0.19 0.088

Hip, g/cm2 0.82=0.14 0.84 £0.15 0.80+0.14 0.073

Total, g/cm? 1.08 £0.12 1.10£0.11 1.07 £0.12 0.168

Lowest T score -1.98+1.12 -1.78 £ 1.12 -2.13*1.11 0.059
Bone classification 0.038

Normal bone, % 21 26 16

Osteopenia, % 41 44 39

Osteoporosis, % 38 30 45
Muscle mass and strength

FFMI, kg/m? 17.2+23 17.2+22 17.2*+23 0.947

QMVC, kg 28.6*9.8 299*9.6 27.4%+99 0.207

QMVC/FFM 0.59 =0.16 0.62+0.15 0.57£0.17 0.159
6MWD, m 425.7+122.0 477.7 £124.2 387.0£105.3 <0.001
Vitamin D intake, pug 55*3.1 56*+34 55*29 0.843
Use of corticosteroids (%)

Oral 13.9 6.3 19.5 0.059

Inhaled 88.1 87.5 88.5 0.897

93

Results are presented as mean = standard deviation unless otherwise indicated. The P values represent the differences between

normal vitamin D and vitamin D deficiency.

25(OH)D = 25-hydroxyvitamin D; 6MWD = 6-minute walking distance; BMD = bone mineral density; BMI=body mass
index; D; CO = diffusing capacity for carbon monoxide; FEV | = forced expiratory volume in the first second; FFM = fat-free
mass; FFMI = fat-free mass index; FVC = forced vital capacity; MRC = Medical Research Council dyspnoeascale; PaCO, = partial
pressure of carbon dioxide in arterial blood; PaO, = partial pressure of oxygen in arterial blood; QMVC = quadriceps maximum

voluntary contraction strength.

collected before the patients started pulmonary rehabilitation.
Thirty-four (22.5%) patients had had rehabilitation previously.
Table I shows the patients’ characteristics. Vitamin D deficien-
cy was found in 87 patients (58%). No differences were found in
gender, age, vitamin D intake, use of oral or inhaled corticoster-
oids, arterial blood gases, BMI, FFMI, QMVC, and bone mineral
density between patients with and without vitamin D deficiency.
Vitamin D-deficient patients had a significantly lower FEV, and

FVC and performed worse on the 6 MWD compared to patients
with normal plasma 25(OH)D concentrations.

The prevalence of vitamin D deficiency was significantly differ-
ent between the GOLD stages (P =0.001). Vitamin D deficiency
was found in 43% of GOLD stage II patients, 50% of GOLD stage
III patients, and 76% of GOLD stage IV patients. Figure 1 shows
the plasma 25(OH)D concentrations among the GOLD stages.

Determinants of bone mineral density and skeletal
muscle function

YT Table IT and Table III show the univariate and multivariate anal-
100+ P yses for bone mineral density. Gender, 6 MWD, and the use of
= T _._
B 804 .
= L Table II. Univariate regression analyses for bone mineral density (T score).
2‘ 604 B 95% CI P-value
= B Men 0.188 -0.177 to 0.553 0.311
& 404 : Age -0.022 -0.042 to -0.002 0.035
E BMI 0.077 0.046 to 0.109 <0.001
E 4 FEV, 0.011 0.000 to 0.022 0.044
= 90 p<0.001 25(0H)D 0.012 0.001 to 0.023 0.034
4 6MWD 0.001 0.000 to 0.003 0.109
p=0.001 Oral corticosteroids 0.032 0.000 to 0.000 0.697
0 i T e Inhaled corticosteroids 0.032 0.000 to 0.000 0.696

Figure 1. Plasma 25(OH)D concentrations among the GOLD stages.

25(0OH)D = 25-hydroxyvitamin D; 6MWD = 6-minute walking distance;
BMI = body mass index; FEV, = forced expiratory volume in 1 second.
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Table III. Multivariate regression analyses for bone mineral density (T score).

B 95% CI P value
Age -0.024 -0.042 to -0.005 0.011
BMI 0.078 0.047 to 0.109 <0.001
FEV, 0.005 -0.005 to 0.015 0.360
25(0OH)D 0.015 0.005 to 0.025 0.005

Adjusted R?=0.22.
25(OH)D = 25-hydroxyvitamin D; BMI = body mass index; FEV, = forced
expiratory volume in 1 second.

corticosteroids were not associated with bone mineral density. In
the multivariate analysis, age remained negatively associated with
the lowest T-score, and BMI and 25(OH)D remained positively
associated with the lowest T-score. This model explained 22% of
the variability of bone mineral density.

Table IV and Table V show the univariate and multivariate re-
gression analyses for quadriceps muscle strength and functional
exercise capacity. In the multivariate analysis for muscle strength,
age remained negatively associated with QMVC, and height,
FFMI, and 6MWD remained positively associated with QMVC.
This model explained 58% of the variability of muscle strength.
In addition, in the multivariate analysis for functional exercise ca-
pacity, 25(OH)D and QMVC remained positively associated with
6MWD. This model explained 37% of the variability of functional
exercise capacity.

Discussion

Our data demonstrated that vitamin D deficiency was present in
the majority of patients with COPD entering pulmonary reha-
bilitation. Additionally, after adjustment for potential confound-
ers, plasma 25(OH)D concentration was positively associated with
bone mineral density and functional exercise capacity. However,
plasma 25(OH)D concentration was not independently associ-
ated with quadriceps muscle strength. Based on these findings
we suggest there might be a link between vitamin D and COPD-
related osteoporosis and poor exercise capacity.

Although all blood samples were collected in summer, vitamin
D deficiency was found in the majority of COPD patients (58%).
Vitamin D deficiency was found in 43% of GOLD stage II, 50%
of GOLD stage III, and 76% of GOLD stage IV COPD patients.
These data are in line with data collected in Belgium during all
seasons by Janssens et al. (16). They found vitamin D deficiency in
47% of GOLD stage II, 60% of GOLD stage III, and 77% of GOLD
stage IV COPD patients. Moreover, the prevalence of vitamin D
deficiency seems to be higher in our COPD cohort compared

with the general Dutch population. In the Hoorn Study, a Dutch
population-based cohort study, the prevalence of vitamin D de-
ficiency (<50 nmol/L) was 34% in summer and 51% in winter
(25). In the Longitudinal Aging Study Amsterdam the prevalence
of vitamin D deficiency (< 50 nmol/L) was 48% (20).

Our data showed that COPD patients with vitamin D de-
ficiency had a significantly lower FEV, and FVC than COPD
patients with normal plasma 25(OH)D concentrations. Addi-
tionally, a large study of the general population demonstrated a
strong relationship between plasma 25(OH)D concentration and
pulmonary function (26). This relationship even remained after
adjustment for the degree of leisure time physical activity and
vitamin D intake. Moreover, in animal models vitamin D defi-
ciency caused deficits in lung function (27) and the rs7041 variant
in the vitamin D-binding gene was associated with the presence
of COPD (16).

Although it is suggested that vitamin D influences lung func-
tion, the mechanism is still unknown. However, some mecha-
nisms have been suggested. First, vitamin D deficiency might be
related to decreased pulmonary function due to thoracic vertebral
fractures. Second, vitamin D deficiency has been suggested to
result in altered host defence of the lung, with subsequent growth
of an abnormal flora that triggers inflammation. Hence, acute ex-
acerbations of COPD are an important cause of hospitalization
and lead to a faster decline in lung function. Third, vitamin D is
suggested to have an effect on the extracellular matrix homeostasis
within the lung, resulting in the development of COPD (28).

Furthermore, plasma 25(OH)D concentration was indepen-
dently associated with bone mineral density. Forli et al. (17) dem-
onstrated that vitamin D deficiency was associated with reduced
femur neck T-scores in underweight patients with end-stage
pulmonary diseases waiting for lung transplantation. However,
Franco et al. (22) did not confirm this association in a small group
(n=49) of postmenopausal women and men with COPD.

In healthy subjects it is well established that vitamin D is
critical for bone health. A low plasma 25(OH)D concentration is
associated with decreased intestinal calcium absorption causing
compensatory increased parathyroid hormone concentrations.
Additionally, parathyroid hormone, which has been identified
as a determinant of osteoporosis in patients with COPD (29),
activates osteoblasts which stimulate the transformation of pre-
osteoclasts into mature osteoclasts. Mature osteoclasts dissolve
the mineralized collagen matrix in bone causing osteopenia and
osteoporosis (21).

Besides low plasma 25(OH)D concentration, more patho-
physiological mechanisms have been described to interact with

Table IV. Univariate regression analyses for quadriceps muscle strength and 6MWD.

QMVC 6MWD

B 95% CI P value B 95% CI P value
Men 11.529 8.357 to 14.701 <0.001 36.463 -3.023 to 75.949 0.070
Age -0.215 —-0.433 to 0.003 0.053 -4.162 -6.292 to -2.033 <0.001
Height 0.591 0.421 to 0.761 <0.001 3.103 0.939 to 5.267 0.005
FFMI 2.541 1.782 to 3.299 <0.001 3.774 -5.083 to 12.631 0.401
FEV1 0.158 0.045 to 0.271 0.007 1.443 0.273 to 2.613 0.016
25(0OH)D 0.097 -0.019 to 0.212 0.099 2.778 1.635 to 3.921 <0.001
QMVC - - - 5.783 3.696 to 7.871 <0.001
6MWD 0.041 0.026 to 0.056 <0.001 - - -
MRC 0.792 -1.287 to 2.871 0.450 4.550 -16.754 to 25.853 0.673
Oral corticosteroids -0.099 -0.002 to 0.001 0.329 —-0.009 -0.015 to 0.013 0.908
Inhaled -0.099 -0.002 to 0.001 0.330 -0.009 -0.015 to 0.013 0.909

corticosteroids

25(OH)D = 25-hydroxyvitamin D; 6MWD = 6-minute walking distance; FEV, =forced expiratory volume in 1 second; FFMI = fat-free mass index;

MRC = Medical Research Council dyspnoea scale; QMVC = quadriceps maximum voluntary contraction strength.
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Table V. Multivariate regression analyses for quadriceps muscle strength and 6MWD.

QMVC 6MWD

B 95% CI P value B 95% CI P value
Men 4.106 -0.569 to 8.781 0.084 27.941 -34.708 to 90.589 0.378
Age -0.249 -0.412 to -0.087 0.003 -2.033 -4.404 to 0.338 0.092
Height 0.215 0.009 to 0.421 0.041 -1.368 -4.357 to 1.621 0.366
FFMI 1.403 0.573 to 2.234 0.001 - - -
FEV1 0.020 -0.068 to 0.108 0.654 0.491 -0.702 to 1.685 0.416
25(0OH)D 0.004 -0.088 to 0.097 0.927 2.489 1.287 to 3.691 <0.001
QMVC - - - 4.503 1.806 to 7.201 0.001
6MWD 0.023 0.010 to 0.037 0.001 - - -

Adjusted R? for QMVC = 0.58. Adjusted R? for 6MWD = 0.37.

25(OH)D = 25-hydroxyvitamin D; 6MWD = 6-minute walking distance; FEV, = forced expiratory volume in 1 second; FFMI=fat free mass index;
MRC = Medical Research Council dyspnoea scale; QMVC = quadriceps maximum voluntary contraction strength.

pathways of bone remodelling in patients with COPD. Our data
demonstrated that the prevalence of osteoporosis was still high
(30%) in patients with normal plasma 25(OH)D concentrations.
This finding suggests that more factors besides plasma 25(OH)
D concentration correlate with bone mineral density. Indeed, in
line with previous data (3,23), we showed that older age, lower
BMLI, and lower FEV, were associated with reduced bone mineral
density. However, many more factors, such as systemic inflamma-
tion, genetic background, smoking, physical inactivity, use of oral
or inhaled corticosteroids, and the presence of emphysema, have
been associated with reduced bone mineral density (7).

Nowadays, it is assumed that vitamin D has a role in skeletal
muscle health. Recently, a review stated that vitamin D affects
muscle strength and function by several processes, including
calcium homeostasis, cell proliferation, cell differentiation, fibre
size, prevention of fatty degeneration, protection against insulin
resistance, and arachidonic acid mobilization (12).

Inline with previous data in patients with end-stage pulmonary
diseases (18), we showed that plasma 25(OH)D concentration
was positively associated with walking distance after adjustment
for potential confounders. Moreover, Ringbaek et al. (30) evalu-
ated the influence of vitamin D on the endurance shuttle walk test
in 311 out-patients with COPD who participated in pulmonary
rehabilitation. They demonstrated that lower plasma 25(OH)D
concentrations were associated with smaller improvements in the
endurance shuttle walk test.

Research on the relationship between plasma 25(OH)D con-
centration and skeletal muscle strength is scarce in patients with
COPD. Our data showed no association between plasma 25(OH)
D concentration and quadriceps muscle strength. In addition, Forli
etal. (18) demonstrated that plasma 25(OH)D concentration was not
associated with hand grip strength after adjustment for potential
confounders in patients with end-stage pulmonary diseases.

In healthy subjects, cross-sectional data on the relationship
between vitamin D and muscle function are conflicting (31-34).
This is partly due to variances in subjects studied and methods
used. Recently, a meta-analysis demonstrated that vitamin D
supplementation had a positive effect on muscle strength in sub-
jects with plasma 25(OH)D concentrations below 25 nmol/L and
no effect in subjects with plasma 25(OH)D concentrations above
25 nmol/L (35). However, well-designed randomized controlled
trials on the effect of vitamin D supplementation on muscle fibre
composition, strength, and exercise capacity are still lacking.

Some methodological considerations should be mentioned.
Primarily, there could be a selection bias due to the inclusion of
patients who were referred to pulmonary rehabilitation. However,
the included COPD patients represented different stages of dis-
ease severity. In addition, a comparable prevalence of vitamin D
deficiency was found in COPD patients recruited at a university

hospital in Belgium (16). Secondly, no causal relationship could
be established due to the cross-sectional design of the study.
Thirdly, we did not include a healthy control group.

The strengths of our study are that all patients were included in
summer, well-characterized and diagnosed with COPD according
to the GOLD guidelines. By contrast, previous studies on the role
of vitamin D in osteoporosis and muscle dysfunction included
patients with several different pulmonary diseases (17,18).

Although randomized controlled trials on vitamin D supple-
mentation in patients with COPD are lacking, we advise chest
physicians to be alert for vitamin D deficiency in patients with
COPD. It is already known that osteoporosis and muscle dysfunc-
tion influence morbidity and mortality in patients with COPD
(7,10). Our data demonstrated that the prevalence of vitamin D
deficiency is high in COPD and that vitamin D status is associated
with bone mineral density and functional exercise capacity, sug-
gesting a link between vitamin D and COPD-related osteoporosis
and muscle dysfunction. Indeed, in healthy individuals random-
ized controlled trials have already demonstrated beneficial effects
of vitamin D supplementation on bone health and skeletal muscle
function. However, further research on the role of vitamin D in
bone and muscle health in patients with COPD is warranted.

To conclude, the majority of patients with COPD entering
pulmonary rehabilitation had vitamin D deficiency. Addition-
ally, vitamin D status was positively associated with bone mineral
density and functional exercise capacity as measured by 6MWD.
In future, intervention studies will be necessary to determine
whether vitamin D supplementation might be of benefit in the
prevention or treatment of osteoporosis and poor exercise capac-
ity in patients with COPD.
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