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Background: The prevalence of individuals deficient in vitamin D (defined as a serum level
of the stable metabolite 25(OH)D <50 nmol/L) is increasing in countries with low annual
ultraviolet (UV) radiation and among individuals unable to perform outdoor activities, for
example, COPD patients.

Obijective: To assess the role of vitamin D deficiency, independently of seasonal variation,
the peak annual value of 25(OH)D was measured in subjects with advanced COPD = long-term
oxygen therapy (LTOT) and lung healthy control subjects. A method to grade the individual
annual UV light exposure was designed and tested.

Subjects and methods: Sixty-six Caucasians with advanced COPD (28 with LTOT) and 47
control subjects were included, and the levels of 25(OH)D were determined in late summer/
early fall when the annual peak was assumed. Questionnaires about COPD symptoms, general
health, lifestyle, dietary habits and QoL were used to collect data. Lung function tests and blood
sampling were performed.

Results: The peak annual 25(OH)D of COPD subjects was significantly lower than in the con-
trol subjects, but there was no significant difference between COPD patients with and without
LTOT. Ongoing vitamin D supplementation was the single most important intervention to
maintain 25(OH)D levels =50 nmol/L. Among vitamin D-deficient COPD subjects, 25(OH)
D correlated positively with forced expiratory volume in 1 second as % predicted, Modified
British Medical Research Council score, blood oxygenation, food portion size, Mediterranean
Diet Score and Ultraviolet Score.

Conclusion: Vitamin D deficiency was common among healthy individuals and COPD
subjects. Peak annual 25(OH)D levels of COPD subjects correlated with clinically important
outcomes. The present study emphasizes the need to routinely monitor vitamin D status among
patients with advanced COPD and to consider to medicate those with vitamin D deficiency with
vitamin D supplementation.

Keywords: chronic obstructive pulmonary disease, inflammation, long-term oxygen therapy,
quality of life, vitamin D, ultraviolet score

Introduction

COPD is an inflammatory airway disease characterized by a not fully reversible
airflow limitation, which in advanced stages has a great impact on quality of life and
survival.'? With regard to the clinical course and prognosis of COPD, lifestyle and
nutritional factors are important. Indeed, malnutrition is particularly unfavorable for
prognosis.? Therefore, in recent years, the impact of dietary habits, nutritional status
and nutritional interventions has been highlighted.*
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Epidemiological studies have shown that a diet in bal-
ance with the individual need is associated with improved
pulmonary outcomes.>® In recent years, the role of vitamin D
status for the clinical course of COPD has gained increas-
ing interest.”® Indeed, vitamin D deficiency (defined as a
plasma level of the stable metabolite 25(OH)D <50 nmol/L)
is increasingly recognized in patients with COPD and has
been attributed to dietary, lifestyle and behavioral changes.’
Vitamin D deficiency is proposed to be a risk factor for
COPD in terms of a positive correlation to COPD severity.””
However, it is by no means clear that vitamin D plays a major
role in COPD.

Most individuals meet much of their vitamin D need
through exposure to ultraviolet (UV) radiation of the sunlight
and only to a minor extent via intake of vitamin D-rich foods,
preferentially oily fish. At latitudes close to the poles, UV
radiation is subject to great seasonal variations.”® Conse-
quently, vitamin D is mainly formed during spring, summer
and the early fall months and is then stored in the liver and
fat for later usage during winter.'’

Similar to a British population,'' one might assume that
plasma 25(OH)D in a Scandinavian population will reach
its peak annual value at the end of summer and the begin-
ning of fall. It was recently shown in a Swedish population
of COPD subjects that low intake of vitamin D and low
plasma levels of 25(OH)D are common and the difference
between COPD subjects and controls is most pronounced in
wintertime.® Moreover, in a Norwegian population, COPD
was associated with an increased risk of vitamin D deficiency,
and important disease characteristics were significantly
related to 25(OH)D levels.” Thus, the study by Persson et al
demonstrated significant correlations between 25(OH)D and
obesity, current smoking, depression and COPD severity,
ie, Global initiative for chronic Obstructive Lung Disease
(GOLD) stage ITI-1V.”

As the plasma level of 25(OH)D varies substantially due
to seasonal influence, in the present study, we tested the idea
to measure the annual peak values of 25(OH)D of COPD and
control subjects. By sampling venous blood from all study
subjects during a 7-week period at the late summer/early fall,
we thought we would achieve a better standardization of the
25(0OH)D analysis and, thereby, would make a more reliable
evaluation of the factors that may influence the vitamin D
status of COPD and control subjects. Because Persson et al
have previously shown that COPD GOLD stage III-IV is
associated with 25(OH)D levels, we sought to identify the
clinical variables that determine COPD severity, which have
a maximum influence on the level of 25(OH)D. Moreover,

no previous study has analyzed the impact of long-term
oxygen therapy (LTOT) on the vitamin D status of COPD
subjects. We hypothesized that LTOT patients would be
particularly prone to vitamin D deficiency because of the
limitations in outdoor activities associated with such therapy.
Since exposure to UV radiation is the most important source
of vitamin D, we also thought to determine its influence on
vitamin D status using an annual UV light exposure score
designed by us.

Subjects and methods
Study population

Altogether, 170 individuals were invited to participate:
55 patients with COPD without LTOT, 67 COPD patients
with LTOT and 48 lung healthy subjects. The final study
sample included 113 subjects: 38 COPD subjects without
LTOT, 28 COPD subjects with LTOT and 47 lung healthy
subjects. All subjects were examined and included by the
same senior consultant (HLP) and the same registered nurse
(PJ) at the outpatient respiratory clinic at the University
Hospital of Linkoping, Sweden, during a 7-week period
(August and September 2012). There is a considerable annual
variation in exposure to sunlight and, therefore, a seasonal
variation in 25(OH)D.! To reduce noise and avoid having to
do adjustment for this seasonal variation, we chose to perform
all the sampling during a short period of time. Only COPD
subjects with stable disease, forced expiratory volume in
1 second (FEV )/forced vital capacity (FVC) <0.7, FEV, %
predicted <80%, without a history of autoimmune diseases
or active cancer in the past 5 years were included. All patients
and control subjects provided written informed consent. The
study was approved by the Regional Committee in Linkdping
(Ostergt')tland, Sweden; Dnr: 2012:32-31, 2012:134-32).

Health and constitutional factors

Pulmonary function was measured with a spirometer from
Jaeger using Hedenstrom as a reference. Smoking habits,
comorbidities, use of medications and supplements were
recorded. Exacerbations treated with oral steroids and/or oral
antibiotics and/or requiring hospitalization during the previ-
ous year were registered. Dyspnea was graded by the Modi-
fied British Medical Research Council (mMRC), five-graded
questionnaire (0—4).'”> COPD symptoms were scored with the
eight-item unidimensional COPD Assessment Test (CAT;
0—40).53 Health-related quality of life was assessed by the St
George’s Respiratory Questionnaire (SGRQ), which consists
ofthree domains (symptoms, impact and activity)." Depending
on the FEV| % predicted, number of excacerbations during
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the previous year, nmMRC and CAT scores (cut-off values =2
and =10, respectively), COPD subjects were categorized
as A, B, C or D subjects.”® The Dyspnoea, Obstruction,
Smoking, Exacerbation (DOSE) index (0—8) was calculated
using the mMRC dyspnea scale, FEV, % predicted, smoking
status and the exacerbation rate during the previous year.'
Comorbidities were graded using the Charlson Comorbid-
ity Index.’® Skin pigmentation score (SPS) was graded
using the Fitzpatrick Skin Phototype Classification (scale
1-6)."” Body mass index (kg/m?) was calculated.

Dietary and lifestyle factors
For evaluation of the annual individual sunlight exposure, we
constructed an UV Score (UVS). A four-part question was
used to divide the past year into quarters (December—February,
March—-May, June—-August and September—November). The
average time spent outdoors in daylight during each quarter
was estimated as “1-4 h/week”, “5-6 h/week”, “1-2 h/day”,
“3-5 h/day” and “=6 h/day”; the choices generated 1, 2, 3, 4
and 5 points. For each quarter, the individual point (index of
time spent outdoors in daylight) was multiplied with the aver-
age UV radiation for that quarter. Finally, the result of “time
spent outdoors in daylight x UV exposure” for each quarter
was added, giving an annual UVS. The information about
the UV radiation came from the Swedish Meteorological and
Hydrological Institute that continuously measures the daily UV
radiation (CIE [Commission Internationale de 1’Eclairage]-
weighted irradiation) at a location just 40 km northeast of
the study center.!® The data that were used to calculate the
quarterly radiation were collected from readings of the average
daily UV radiation between 2008 and 2011.!° The radiation at
each day during the quarter was used to calculate a quarterly
mean that was 0.0265, 0.386, 0.685 and 0.149 Wh/m? for the
quarters December—February, March—-May, June—August and
September—November, respectively. Information on sources
of extra-UV exposure (holidays in sunny countries or visits to
tanning salons) during the past 4 months was also recorded.
Dietary habits were assessed by two ways: 1) by the aver-
age size of a typical lunch or dinner and 2) by the resemblance
to a traditional Mediterranean diet, assessed as Mediterranean
Diet Score (MDS). The average size of a food portion was
assessed using four photos of plates as reference (showing
small [=1], medium [=2], large [=3] or very large [=4] por-
tions). An 11-item questionnaire (0—44) was used to assess
the MDS.2’ Omega-3 index of erythrocytes was also assessed
as a high level relates to a diet rich in long chain omega-3 fatty
acids that generally are considered as healthful. Moreover,
the levels of omega-3 of erythrocytes and 25(OH)D in plasma

are positively associated.”! The frequency of exercise was
classified as: no exercise at all, rarely but sometimes walking
or cycling, regular but easy exercise at least 1 time/week and
regular exercise plenty of times/week.

Laboratory measurements

Venous peripheral blood samples were drawn for immedi-
ate analysis. After centrifugation, plasma was transferred
to microtubes that were stored at —80°C. For analysis of
25-hydroxyvitamin D, and D,, the plasma samples were
worked up according to the method described by Turpeinen
et al*? before derivatization with 4-phenyl-1,2,4-triazoline-
3,5-dione and finally analyzed by high-performance liquid
chromatography-electrospray tandem mass spectrometry.
Quality of the assay was assured by participation in the
Vitamin D External Quality Assessment Scheme.? The fatty
acid composition after hydrolysis of erythrocytes was ana-
lyzed with a slightly modified version of a method that was
previously reported.? Fifty microliters of erythrocytes was
first transmethylated to fatty acid methyl esters in 2 mol/L
KOH in methanol. After extraction with hexane and evapora-
tion with nitrogen, the samples were diluted in carbon disul-
fide and finally analyzed with gas chromatography. Omega-3
index was expressed as the percentage of eicosapentaenoic
acid + docosahexaenoic acid divided by the total fatty acids.
Analyses of 25-hydroxyvitamin D and omega-3 index were
performed at the Division of Occupational and Environmen-
tal Medicine at the Linkdping University.

Statistical analysis

The results are reported as the mean + SD for continuous
variables. Chi-square test was used to compare nominal
data, while Mann—Whitney U-test was used for ordinal data
and Student #-test was used for normalized data on the least
interval scale. Two-sided #-tests were used for continuous
variables and Pearson’s chi-squared test for categorical
variables. Correlations were analyzed by Pearson’s correla-
tion coefficient.

Results

Differences between control subjects

and COPD subjects

Sixty-six COPD subjects and 47 age- and gender-matched
lung healthy subjects (hereafter referred to as “control
group/subjects”) completed the study. The characteristics
of the study population are presented in columns A and B
of Table 1.
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Table | Characteristics of the study sample controls (column A) vs COPD subjects (column B) and COPD subjects without vitamin D
deficiency (defined as 25(OH)D =50 nmol/L; column C) vs COPD subjects with deficiency of vitamin D (column D)

Characteristics A B C D p-value
Control COPD COPD COPD AvsB CvsD
=50 nmol/L <50 nmol/L
Subjects, n 47 66 32 34
Gender, % females 68 55 59 50 ns ns
Mean age (years), mean (SD) 70 (10) 70 (9) 70 (8) 69 (10) ns ns
Current smoker, %/n 2/1 17111 9/3 24/8 <0.05 ns
Ex-smoker, %/n 40/19 76/50 78/25 74/25 <0.01 ns
Never smoker, %/n 58/27 8/5 13/4 3/1 <0.001 ns
BMI (kg/m?), mean (SD) 25.9 (3.4) 26.3 (7.1) 25.7 (6.7) 26.8 (7.5) ns ns
CCl 0-1, %/n 83/39 47/31 56/18 38/13 <0.05 ns
CCl 2-3, %/n 17/8 36/24 28/9 44/15 <0.05 ns
CCl =4, %/n 0 17/11 16/5 18/6 <0.05 ns
FEV, % predicted, mean (SD) 105 (16) 41 (16) 41 (16) 41 (17) <0.001 ns
-l (FEV, 50-100), %/n na 30/20 22/7 38/13 ns
-1V (FEV, 0-49), %/n na 70/46 78/25 62/21 ns
Exacerbation(s), mean (SD) na 1.67 (1.83) 1.3 (1.6) 2.00 (1.97) ns
GOLD category A-B, %/n na 18/12 16/6 18/6 ns
GOLD category C-D, %/n na 82/54 84/26 82/28 ns
PaO,, kPa (air), mean (SD) na 8.5 (1.6) 8.2 (1.5) 8.5 (1.6) ns
SAT, % (air), mean (SD) 98 (2) 91.6 (6.0) 92 (6) 92 (6) <0.001 ns
LTOT, %/n na 28/42 13/46 15/54 ns
DOSE index, mean (SD) na 3.6 (1.8) 3.3(1.7) 4.0 (1.8) ns
Inhaled steroids, %/n 0 97/64 97/31 97/33 ns
Oral steroids, %/n 0 15/10 12/4 18/6 ns
Vitamin D suppl., %/n 21/10 29/18 53/17 3/1 ns <0.05
mMRC (0—4), mean (SD) na 2.8(1.2) 2.6 (1.2) 3.0 (1.1 ns
CAT (0—40), mean (SD) na 20.3 (7.4) 17.8 (7.0) 22.5 (7.5) <0.0l
SGRQ sympt., mean (SD) na 59 (22) 51 (22) 66 (20) <0.0l
SGRQ activity, mean (SD) na 75 (18) 71 (20) 78 (16) ns
SGRQ impact, mean (SD) na 46 (21) 42 (22) 49 (20) ns
SGRQ total, mean (SD) na 57 (18) 53 (19) 6l (16) ns
SPS, mean (SD) 1.4 (0.5) 1.4 (0.5) 1.4 (0.5) 1.3 (0.5) ns ns
Portion size, mean (SD) 2.1 (0.6) 1.8 (0.6) 2.0 (0.6) 1.7 (0.6) <0.05 ns
MDS, mean (SD) 21.9 (3.9) 18.7 (3.7) 19.0 (3.3) 18.5 (4.1) <0.0001 ns
Omega-3 index, mean (SD) 5.79 (1.40) 5.16 (1.36) 5.43 (1.43) 4.90 (1.23) <0.05 ns
UVS, mean (SD) 4.74 (1.10) 3.84 (1.82) 4.44 (1.52) 3.26 (1.92) <0.01 <0.01
General
Hemoglobin, mean (SD) (134170 g/L) na 143 (13) 143 (13) 143 (13) ns
Creatinine, mean (SD) (49-90 umol/L) na 78 (25) 78 (22) 79 (28) ns
Albumin, mean (SD) (3645 g/L) na 38.1 (3.3) 38.9 (2.6) 374 (3.7) ns
Urea, mean (SD) (3.5-8.2 mmol/L) na 73 (3.1) 7.0 (2.5) 7.7 (3.6) ns
Inflammation
WBC, mean (SD) (3.5-8.8x10*%/L) na 9.0 (2.6) 8.6 (2.2) 9.4 (3.0) ns
hs-CRP, mean (SD) (<3 mg/L) na 7.3(13.3) 4.9 (5.6) 9.6 (17.5) ns
Fibrinogen, mean (SD) (2—4 g/dL) na 3.7 (1.0 3.6 (0.8) 3.7(1.2) ns
IL-6, mean (SD) (<7 ng/L) na 6.9 (12.8) 4.1 (2.6) 9.6 (17.3) ns
Bone metabolism
PTH, mean (SD) (15-65 ng/L) na 65.4 (39.9) 60.1 (26.9) 70.4 (48.8) ns
lonized Ca, mean (SD) (1.18-1.34 nmol/L) na 1.26 (0.05) 1.26 (0.05) 1.26 (0.06) ns
Phosphate, mean (SD) (0.75—1.40 mmol/L) na 1.06 (0.23) 1.08 (0.26) 1.04 (0.21) ns
ALP, mean (SD) (0.6—1.8 pkat/L) na 0.9 (0.3) 0.9 (0.3) 0.9 (0.3) ns
25-(OH)D, mean (SD) 74.0 (16.0) 50.4 (22.8) 69.2 (16.2) 32.6 (10.5) <0.0001 <0.0001

Notes: Results are presented as mean (£ SD) for continuous variables and percentage for categorical variables (p-value A vs B and C vs D). p-values are from chi-square test
(nominal data), Student’s t-test (normally distributed data) or Mann—Whitney U-test (not normally distributed data). na, not analyzed (reference values stated in parenthesis);

ns, not significant (p-value =0.05).

Abbreviations: ALP, alkaline phosphatase; BMI, body mass index; CAT, COPD Assessment Test; CCl, Charlson Comorbidity Index; DOSE, Dyspnoea, Obstruction,
Smoking, Exacerbation; FEV , forced expiratory volume in | second; GOLD, Global initiative for chronic Obstructive Lung Disease; hs-CRP, high-sensitivity C-reactive protein;
IL-6, interleukin 6; LTOT, long-term oxygen therapy; MDS, Mediterranean Diet Score; mMRC, modified British Medical Research Council; PTH, parathyroid hormone; SAT,
blood oxygen saturation; SGRQ, St George’s Respiratory Questionnaire; SPS, Skin pigmentation score; suppl, supplement; UVS, Ultraviolet Score; WBC, white blood cell.
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Compared to the control group (column A of Table 1),
the COPD group (column B of Table 1) consisted of sig-
nificantly more current and ex-smokers. COPD subjects
displayed significantly higher Charlson Comorbidity Index
scores and significantly lower FEV % predicted and blood
oxygen saturation (SAT). Food portion size, MDS, omega-3
index, UVS and peak annual 25(OH)D were all significantly
lower among COPD subjects. None of the COPD subjects
had been on holidays in sunny countries during the past
4 months, while such excursions were rather frequent among
healthy subjects (n=12). Among all subjects, only one COPD
subject had visited a tanning salon during the past 4 months,
and this subject presented with a peak annual 25(OH)D
value =50 nmol/L. All subjects, except one control subject
with SPS 3, were white skinned (SPS 1-2).

Most COPD subjects had very advanced disease:
stage III-TV 70% and GOLD C-D 82%. Most COPD subjects
(97%) regularly used inhaled steroids and 15% used oral
steroids. Nearly 50% of the COPD subjects reported no or
very limited exercise, while all control subjects performed
some kind of exercise (data not presented). Thirty-four sub-
jects (52%) in the COPD group showed peak annual 25(OH)
D levels <50 nmol/L compared to only three subjects (6%)
in the healthy control group.

Differences between COPD subjects

with high and low peak annual 25(OH)D
The columns C and D of Table 1 show the results of COPD
subjects with “high-level 25(OH)D” (defined as =50 nmol/L)
and “low-level 25(OH)D” (defined as <50 nmol/L).
Vitamin D supplementation was significantly more frequent
among COPD subjects displaying peak annual 25(OH)
D =50 nmol/L. Indeed, more than every second of these
subjects was medicated with vitamin D. In contrast, only
one (3%) of “low-level 25(OH)D” COPD subjects was
supplemented with vitamin D. “Low-level 25(OH)D” COPD
subjects demonstrated significantly higher CAT score and
higher score on the symptom domain of SGRQ, while UVS
was significantly lower.

Differences between COPD subjects

with and without LTOT

While COPD subjects, in general, exhibited significantly
lower peak annual 25(OH)D than the control subjects, there
was no significant difference regarding the use of LTOT
(Figure 1). Twenty-eight COPD subjects (42%) had ongo-
ing LTOT. There were no significant differences between
“high-level 25(OH)D” (=50 nmol/L, n=13) and “low-level
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Figure | Peak annual values of 25(OH)D in controls (n=47) and COPD subjects
without LTOT (n=38) and with LTOT (n=28).

Notes: Open symbols represent subjects without vitamin D supplementation
and filled symbols represent those supplemented with vitamin D. The dotted lines
indicate the upper limits for the definition of insufficiency (75 nmol/L) and severe
deficiency (25 nmol/L). The lines in each scatter dot plot indicate mean for each
group. Student’s t-test was used for comparison of normally distributed groups; for
details see the “Subjects and methods” section.

Abbreviation: LTOT, long-term oxygen therapy.

25(OH)D” (<50 nmol/L, n=15) LTOT subjects with the
following exceptions: “low-level 25(OH)D” LTOT subjects
demonstrated significantly higher CAT score (p<<0.01) and
higher score on the SGRQ symptom domain (p<<0.05), while
the frequencies of vitamin D supplementation (p<<0.05) and
UVS (p<0.05) were significantly lower. Notably, 32% of
COPD subjects without LTOT and 57% of COPD subjects
with LTOT did not perform any exercise at all.

The relationship between COPD severity,
lifestyle and peak annual 25(OH)D

Figure 2A—C shows how the variables were linked to
COPD severity and the lifestyle factors were related to
vitamin D status in all COPD subjects, regardless of ongoing
vitamin D supplementation. Thus, peak annual 25(OH)D in
the COPD group (n=66) correlated significantly with CAT
score (r=—0.26, p<<0.05; Figure 2A), the symptom domain of
SGRQ (=-0.30, p<<0.05), DOSE index (=—0.28, p<<0.05),
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Figure 2 All COPD subjects (n=66).

Notes: Correlations between peak annual value of 25(OH)D and (A) CAT score, (B) omega-3 index and (C) UVS. The Pearson’s coefficient of determination was calculated

as indicated.
Abbreviations: CAT, COPD Assessment Test; UVS, Ultraviolet Score.

high-sensitivity C-reactive protein (r=—0.26, p<<0.05) and
interleukin-6 (r=—0.30, p<<0.05). The only lifestyle factors
significantly associated with peak annual 25(OH)D were
omega-3 index (r=0.24, p<<0.05; Figure 2B), reflecting the
intake of food rich in omega-3 fatty acids, and UVS (=0.37,
p<<0.05; Figure 2C), reflecting exposure to UV light.
Ongoing supplementation with vitamin D was associ-
ated with a high peak annual 25(OH)D value (=50 nmol/L).
Thus, only 1 of 34 COPD subjects displaying peak annual
value <50 nmol/L was medicated with vitamin D. “Low-
level 25(OH)D” (<50 nmol/L) COPD subjects without
ongoing vitamin D supplementation (n=33) demonstrated
significant correlations between peak annual 25(OH)D and
FEV, % predicted (+=0.50, p<<0.01; Figure 3A), mMRC
(r=—0.36, p<0.05), SAT (r=0.48, p<<0.01; Figure 3B)
and DOSE index (r=—0.38, p<<0.05). Lifestyle factors
significantly associated with peak annual 25(OH)D were
food portion size (r=0.38, p<<0.05), MDS (r=0.41, p<<0.05;
Figure 3C) and UVS (r=0.35, p<0.05; Figure 3D).
Logistic regression analysis for peak annual value
of 25(OH)D with a cut off level <50 nmol/L was also

performed, but due to the small sample size, no significant
results were found.

Discussion
The present study is the first to use the peak annual value
of the stable vitamin D metabolite, 25(OH)D, to assess
the influence of COPD severity and lifestyle on vitamin D
status. By using the peak annual value, we were able to rule
out the normal seasonal influence on the serum 25(OH)D
value, and, thereby, we were in a better way able to define
individuals truly lacking vitamin D at all seasons of the year,
that is, individuals presenting with a peak annual value of
25(0OH)D <50 nmol/L. In line with previous studies,”? this
study supports the idea that COPD severity (reflected by
FEV, % predicted, nMRC, SAT and DOSE index) is associ-
ated with low levels of vitamin D. However, we could, not
see if subjects with LTOT had significantly lower levels of
vitamin D than COPD patients without LTOT (Figure 1).
This study also highlights CAT as a particularly useful
marker to identify individuals with COPD at risk to develop
vitamin D deficiency. Thus, “low-level 25(OH)D” COPD
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Score.

subjects and LTOT subjects demonstrated significantly
higher CAT score. Moreover, CAT score correlated signifi-
cantly with the 25(OH)D level. CAT scores =10 are used
to define COPD patients with more pronounced symptoms
of COPD, categorized as GOLD B and D. Notably, in this
study, only one subject with CAT score <10 exhibited peak
annual 25(OH)D level <50 nmol/L (Figure 2A), suggesting
that this cut-off value of CAT could be used in the screening
for vitamin D deficiency among outpatient COPD subjects.

Of all lifestyle factors evaluated in the present study, reg-
ular vitamin D supplementation was the single most impor-
tant intervention to maintain serum 25(OH)D =50 nmol/L.
Indeed, the majority of COPD subjects with adequate peak
annual 25(OH)D =50 nmol/L (53%) had been medicated
with vitamin D, while only 3% did the same among COPD
subjects showing values <50 nmol/L. The same pattern
was observed among COPD subjects on LTOT. Over-
all, 27% of all COPD subjects were supplemented with
vitamin D and ~50% demonstrated 25(OH)D <50 nmol/L.
During 2015/2016, 3 years after this study was conducted,
we assessed serum 25(OH)D values among patients with
advanced COPD who lived in the same region as the sub-
jects participating in this study. We then found that, of all

investigated subjects (N=71), the majority (76%) exhibited
25(0H)D levels <50 nmol/L and vitamin D supplementation
was still rare (unpublished data).

Food rich in omega-3 is rich in vitamin D as well, and,
omega-3 is positively associated with 25(OH)D.'"*! Among
COPD subjects, we were able to repeat the same observa-
tion (Figure 2B). Compared to control subjects, the omega-3
index of COPD subjects was significantly less, indicating that
their intake of food was not rich in vitamin D. This observa-
tion is well in line with previous findings by Mahlin et al.?®
COPD patients are often malnourished, and we also found
in this study that COPD subjects ate significantly smaller
food portions than control subjects did. Moreover, the food
of COPD subjects was also less similar to the traditional
Mediterranean diet, which indicates that it was less healthy.
A Mediterranean diet is generally considered healthy because
it includes a low intake of red meat, saturated fat and refined
grains, moderate intake of alcohol and a relatively high intake
of fruits, vegetables, monounsaturated fat, fish, whole grains,
legumes and nuts. This type of diet protects against all-cause
mortality, coronary heart disease and diabetes.?

As already pointed out, exposure to UV light is a much
greater source of vitamin D than the contribution provided
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by the diet. To capture the annual UV light exposure, we,
therefore, tested a novel way to obtain an index (UVS). UVS
is based on the subject’s self-made assumption of the average
daily time they spent outdoors during different seasons and
the mean UV irradiation for each specific season. A registered
nurse also recorded the skin pigmentation of each subject.
Skin pigmentation is of great importance for photosynthe-
sis of the precursor of vitamin D in the skin. In this study,
UVS was consistently of great importance in all statistical
analyses made. Thus, UVS was significantly lower among
COPD subjects compared to control subjects and significantly
lower among COPD subjects with 25(OH)D <50 nmol/L
compared to COPD subjects with higher levels. Moreover, as
the only variable reflecting lifestyle, UVS was significantly
associated with peak annual 25(OH)D among all included
COPD subjects (Figure 2C) and among those COPD subjects
presenting with 25(OH)D <50 nmol/L (Figure 3D). Since
all included subjects were native Swedes, skin pigmentation
did not differ much.

The results of this study are best understood in the light
of two previous Scandinavian studies.”® Similar to these
studies, this study shows that patients with COPD are more
prone to show vitamin D deficiency and important disease
characteristics are associated with the 25(OH)D level.
Regarding the latter, in this study, those were the scores
of CAT and the symptom domain of SGRQ, DOSE index
and markers of systemic inflammation, ie, high-sensitivity
C-reactive protein and interleukin-6. The study by Persson
et al demonstrated significant correlations between 25(OH)D
and obesity, current smoking, depression and COPD severity,
ie, GOLD stage III-1V.” The study by Mahlin et al high-
lighted diet with low content of vitamin D as a risk factor
for vitamin D deficiency among Swedish COPD subjects and
emphasized the importance of vitamin D supplementation.®
Unlike these studies, this study was a single-center study
and 113 subjects were all included during a short 7-week
period in order to assess peak annual 25(OH)D value. As we
aimed to evaluate the influence of LTOT, the COPD subjects
were generally more severely ill in this study. Unlike the
previous studies mentioned,”® this study also accounts for
the exposure to UV light of each study subject, which we
believe is crucial for the understanding of vitamin D status
of the study populations.

Being a single-center study, the study logistics ensured
auniform clinical assessment of all subjects included by the
same senior consultant and by the same registered nurse,
which we consider to be a great advantage. However, this
study has limitations. The sample size was too small for
statistical analysis using multiple linear regression models.

Thus, the significant relationships reported in this study
must be interpreted with some caution due to the lack of
further statistical support. In line with the study by Méhlin
et al,? this study indicates that vitamin D levels are well
maintained >50 nmol/L with vitamin D supplementation.
This is a cross-sectional study. Thus, whether such supple-
mentation has any impact on COPD outcomes as well is
beyond the scope of this study. Previous randomized clinical
studies analyzing the effects of vitamin D supplementa-
tion on different outcomes of COPD are contradictory.?*
Martineau et al found in a prespecified subgroup analysis
that vitamin D was protective against moderate or severe
exacerbation in participants with baseline serum 25(OH)D
concentration <50 nmol/L.?® In addition, Hornikx et al found
an effect on respiratory muscle performance in a subgroup
of patients with low levels of vitamin D.” In contrast, Rafiq
et al?® and Bjerk et al® did not find any effect of vitamin D
supplementation on physical performance.

Conclusion

Vitamin D deficiency was common among both healthy
individuals and COPD subjects. Peak annual 25(OH)D levels
of COPD subjects correlated with clinically important out-
comes and lifestyle factors. In line with similar Scandinavian
studies, this study emphasizes the need to routinely monitor
vitamin D status among patients with advanced COPD and
to consider to medicate those with vitamin D deficiency with
vitamin D supplementation.
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