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Association of serum vitamin D levels with disease severity, 
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in a cohort of patients with chronic obstructive pulmonary disease 
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Background: Vitamin D deficiency has been associated with chronic disorders including chronic 
obstructive pulmonary disease (COPD) but the relationships with inflammation, exacerbations and disease 
progression remain unclear.
Methods: In this monocentric cross-sectional observational study we analyzed the disease status, systemic 
inflammation, prior exacerbation frequency and loss in lung function in relation to serum 25-hydroxyvitamin 
D (25-OHD) levels in a cohort of 94 patients with COPD. Serum 25-OHD, C-reactive protein, 
interleukin-6 and tumor necrosis factor-α were quantified. Exacerbation frequencies and sunlight exposure 
were assessed. These parameters were analyzed in correlation to the current forced expiratory volume in 1 s 
(FEV1), the individual average 3-year FEV1 decline and the Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) stage. 
Results: We observed fair correlation between serum 25-OHD and the current FEV1 (r=0.38, P<0.001). 
Furthermore, mean serum 25-OHD was significantly altered between patients of GOLD stages I–IV 
(P=0.013). There was weak negative correlation of 25-OHD and the average annual change of the FEV1 
(r=−0.26, P<0.05). Furthermore, we observed fair negative correlation between 25-OHD and C-reactive 
protein (r=−0.32, P<0.01) as well as weak negative correlation with interleukin-6 (r=−0.23, P<0.05). While 
the exacerbation frequency significantly differed between GOLD stages (P=0.04), there was no direct 
association between exacerbations and 25-OHD levels. 
Conclusion: Our data confirm frequent vitamin D deficiency in COPD and point out correlations between 
25-OHD levels, systemic inflammation, disease severity and progression. 
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Introduction

Chronic obstructive pulmonary disease (COPD) is a 
common and currently incurable, but treatable disease. 
It is one of the leading causes of morbidity and mortality 
worldwide and poses a significant social and economic 
burden (1). Importantly, the prevalence, morbidity and 
mortality attributable to COPD are predicted to increase 
over the coming years (2). The disease is generally 
characterized by usually progressive, not fully reversible 
airflow limitations even though there are instances where 
lung function parameters are nearly constant or even 
improving (3). 

Research on the pathophysiological mechanisms 
underlying COPD is essential and has also focused on 
comorbidities (4,5). In this context, there has been a 
growing interest in the role of vitamin D and several lung 
diseases have indeed been shown to be associated with 
low vitamin D [25-hydroxyvitamin D (25-OHD)] levels. 
As such, significant correlations have been observed for 
lung cancer, cystic fibrosis, bronchial asthma and also 
COPD (6). Predominantly noncalcemic effects of vitamin 
D, such as the production of antimicrobial peptides and 
the regulation of inflammatory responses are believed to 
play a central role (7). In COPD, vitamin D deficiency has 
been shown to correlate with airway obstruction and the 
frequency of exacerbations due to respiratory infections, 
which display a major complication and cause for disease 
progression (8-11). This is in line with the observation 
that vitamin D deficiency is associated with an increased 
risk of respiratory infections in the general population 
and that vitamin D supplementation can have beneficial 
effects on acute respiratory infection (9,12). However, while 
also in meta-analyses lower vitamin D levels have been 
found associated with exacerbations, vitamin D deficiency 
not necessarily increases the risk for exacerbations (13). 
Consequently, effects of high-dose vitamin D substitution 
on the progression of COPD were studied, however 
without clear results (14-16). While positive effects of 
supplementation on lung function and acute exacerbations 
in COPD have been reported in meta-analysis (16), others 
likewise report vitamin D not to improve lung function 
decline (17). Nevertheless, another recent systematic review 
and meta-analysis suggests vitamin D supplementation to 
reduce the rate of moderate and severe exacerbations in 
COPD patients with vitamin D levels below 10 ng/mL (18).  
Ultimately, much remains elusive regarding the role of 
vitamin D levels in COPD risk and progression as well as 

the mechanisms underlying the observed correlations (7,19).
The present study aimed to increase our knowledge of 

the correlations between 25-OHD levels and COPD and 
specifically addressed the hypothesis that reduced levels 
of serum 25-OHD correlate with disease progression and 
systemic inflammation in COPD. To this end, we analyzed 
25-OHD levels in relation to systemic inflammation 
[serum C-reactive protein (CRP), interleukin (IL)-6 and 
tumor necrosis factor (TNF)-α)], exacerbation frequencies, 
sunlight exposure and disease progression in a cohort of 
COPD patients. 

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3221).

Methods

Ethics approval and consent to participate

The cross-sectional observational study with retrospective 
longitudinal data analysis adhered to the guidelines of 
the Declaration of Helsinki (as revised in 2013) and 
was approved by the institutional ethical committee 
(Ethikkommission of the Otto-von-Guericke University 
Magdeburg; file No. 12/11). All patients gave written 
informed consent.

Patients 

All subjects were recruited from the same geographical area 
in central Germany. The cohort included 94 COPD patients 
(64 male, 30 female) recruited from specialized centers 
during 2011–2012 as inpatients and outpatients, for which 
documented regular outpatient lung function monitoring 
and/or the history of documented acute exacerbations for 
at least the past 3 years were available. No explicit sample 
size calculation was performed. The sample size was 
reached through continuous and unbiased recruitment of all 
patients matching the inclusion criteria and giving informed 
consent over the defined period of time. Upon recruitment, 
n=28 patients were treated as inpatients and n=66 were 
outpatients. All subjects were Caucasian and were aged 
between 46 and 84 years. COPD was diagnosed according 
to the Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) guidelines effective at the time of our 
study and patients were attributed to GOLD stages I to IV 
according to these guidelines (20). Specifically, according to 
spirometric criteria COPD was defined using the fixed ratio 

http://dx.doi.org/10.21037/jtd-20-3221
http://dx.doi.org/10.21037/jtd-20-3221


3599Journal of Thoracic Disease, Vol 13, No 6 June 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(6):3597-3609 | http://dx.doi.org/10.21037/jtd-20-3221

of forced expiratory volume in 1 s (FEV1)/vital capacity (VC) 
<0.70. Non-inclusion criteria were current asthma, a history 
of asthma or other respiratory diseases besides COPD, 
relevant cardiac diseases and especially cardiac insufficiency, 
autoimmune diseases, malignancies (except non-melanoma 
skin cancer), acute infections, chronic intestinal disease, 
severe kidney dysfunction, liver dysfunction (cirrhosis, 
fibrosis) and hyperparathyroidism. Further, all patients 
under supplementation or medication affecting the vitamin 
D or calcium metabolism were excluded. 

Data sampling and laboratory parameters

All subjects were physically examined and performed a 
structured interview. Through a questionnaire, which was 
developed for this study, the number of COPD-related 
hospitalizations over the previous 12 months, regular sports 
activities (choice of none, about 2 h, more than 4 h/week), 
the frequency of sunlight exposure (choice of little, 2– 
3 times/week or nearly every day) and its duration (choice 
of <1, 1–3 or >3 h), past and current smoking habits (current 
smoking yes or no, number of cigarettes and years) and 
the occupational history were assessed. Patients were 
furthermore asked whether and how often during the 
previous 12 months, they experienced increased cough, 
sputum and/or dyspnea with and without fever leading to 
adjustment of therapy. From these data, the number of 
exacerbations (occasions of increased cough, sputum and 
dyspnea requiring intensified therapy) were documented 
for the subsequent analyses (21). We grouped patients 
into a high-frequency (at least two exacerbations per year) 
or a low-frequency (one or no exacerbation per year) 
exacerbation phenotype. 

Blood gas analysis from arterialized blood was performed 
on a Radiometer ABL 520 and pulmonary function was 
assessed through body plethysmography and spirometry by a 
trained staff member. Body plethysmography and spirometry 
were performed at a MasterScreen PFT Pro Workstation 
(Viasys Healtcare, Germany). The measurements including 
calibration were performed according to the American 
Thoracic Society (ATS)/European Respiratory Society 
(ERS) recommendations. The European Community for 
Coal and Steel (EGKS)-reference values were used for the 
measurements with body temperature pressure saturated 
(BTPS)-correction. All patients were under medical 
monitoring for COPD by specialized pulmonologists, 
including regular lung function measurements every 
3–6 months and documentation of acute exacerbations 

in an outpatient care setting. The mean annual decrease 
in  FEV 1 (∆FEV 1)  was  ca lculated  by  the  formula 
{[(FEV1)year-3 – (FEV1)year-2] + [(FEV1)year-2 – (FEV1)year-1]  
+ [(FEV1)year -1 – (FEV1)current]}/3. 

S e r u m  s a m p l e s  w e r e  a n a l y z e d  f o r  2 5 - O H D 
( r a d i o i m m u n o a s s a y )  a n d  C R P  ( l a t e x  e n h a n c e d 
immunoturbidimetric assay) at the Institute of Clinical 
Chemistry and Pathobiochemistry, University Hospital 
Magdeburg. Serum 25-OHD levels <20 ng/mL indicate 
vitamin D deficiency and levels between 20 and 30 ng/mL 
are defined as insufficient, i.e., suboptimal (22,23). Serum 
TNF-α (Quantikine ELISA DTA00C, R&D Systems) 
and IL-6 (Quantikine ELISA D6050, R&D Systems) 
were assessed at the Institute of Molecular and Clinical 
Immunology, University Hospital Magdeburg. Cut-offs 
for CRP, IL-6 and TNF-α as applied in Table 1 are derived 
from (24).

Statistical analysis

For the statistical analysis of anonymized data, the software 
IBM SPSS Statistics, Version 18.0 and GraphPad Prism 
7.05 and 8.0 were used. Shapiro-Wilk normality tests were 
performed. These revealed a non-Gaussian distribution. 
Therefore, non-parametric statistical tests were used for 
the analysis: Kruskal-Wallis test or Mann-Whitney-U-
test for group comparisons, Spearman rank correlation for 
correlation analyzes (25). In the correlation analyzes, the 
strength of the correlation was interpreted as weak or no 
correlation, if r was <0.3, as fair for r between 0.3 and 0.5, 
as good for r between 0.5 and 0.7 and as high, if r was >0.7. 

In the case of significant associations, the relevant 
variables were included in a multiple linear regression 
analysis. Here, the backward selection was used.

A probability of error of α=0.05 was assumed as the 
significance level for all statistical tests. 

Results

Baseline patient characteristics

The study included 94 subjects which at the point of 
sampling showed a mean FEV1 of 1.4 L (SD 0.6). The 
current COPD severity according to GOLD was stage I in 
4, stage II in 40, stage III in 22 and stage IV in 28 patients. 
The mean FEV1 (SD) was 2.4 (0.5) in GOLD stage I, 1.6 
(0.5) in GOLD stage II, 1.25 (0.35) in GOLD stage III 
and 0.87 (0.27) in GOLD stage IV. Forty patients were 
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Table 1 Inflammatory parameters 

Patient group
CRP (mg/L) IL-6 (pg/mL) TNF-α (pg/mL)

Mean (SD); n >5 mg/L (%) Mean (SD); n >10 pg/mL (%) Mean (SD); n >20 pg/mL (%)

GOLD stage

GOLD I 4.9 (3.8); 3 67 6.7 (5.8); 4 25 0.4 (0.5); 3 0

GOLD II 12.3 (19.2); 33 58 6.8 (9.5); 39 18 2.4 (4.9); 22 5

GOLD III 18.4 (29.3); 19 53 8.1 (14.6); 22 14 1.38 (1.5); 18 0

GOLD IV 11.7 (11.8); 24 71 9.1 (12.0); 27 26 0.6 (0.6); 16 0

P value  
(Kruskal-Wallis test)

0.35 (n.s.) 0.61 (n.s.) 0.17 (n.s.) 

Exacerbation frequency

Low frequency 
exacerbation 
phenotype

12.0 (18.8); 34 6.0 (9.6); 42 0.9 (1.2); 25

High frequency 
exacerbation 
phenotype

16.3 (22.4); 38 10.8 (13.9); 39 2.3 (4.6); 26

P value  
(Mann-Whitney test)

0.10 (n.s.) 0.016* 0.68 (n.s.) 

In- or outpatient 

Outpatient (n=66) 7.9 (11.2); 51 4.7 (6.1); 66 1.7 (4.0); 35

Inpatient (n=28) 23.2 (27.8); 28 15.6 (17.0); 26 1.1 (1.3); 24

P value  
(Mann-Whitney test)

0.011* 0.0004*** 0.44 (n.s.)

CRP, C-reactive protein; IL, interleukin; TNF, tumor necrosis factor; SD, standard deviation; GOLD, Global Initiative for Chronic Obstructive 
Pulmonary Diseases; n.s., not significant. *, P<0.05; ***, P<0.001.

attributed to the high-frequency exacerbation phenotype 
and 43 to the low-frequency exacerbation phenotype. Table 2  
lists the analyzed parameters together with their category 
boundaries and the respective sample size. The relevant 
patient characteristics are summarized in Table 3.

COPD progression and exacerbations

The ∆FEV1 significantly differed between the different 
GOLD stages (Kruskal-Wallis test, P=0.048; Dunn’s 
multiple comparisons between groups not significant) 
(Figure 1A). When combining patients of GOLD stages 
I and II into one group due to the small sample size in 
the GOLD stage I group, there was again a significant 
association of ∆FEV1

 and the GOLD stage (Kruskal-Wallis 
test, P=0.021) with a significantly increased lung function 
decline in GOLD stage IV as compared to GOLD stages 

I + II (Dunn’s multiple comparison, P=0.039) (Figure 1B). 
The number of exacerbations was significantly altered with 
respect to the GOLD stage (Kruskal-Wallis test, P=0.04), 
with a significant difference between GOLD stages II and 
IV (Dunn’s multiple comparison, P=0.045) (Figure 1C). 
Patients of the high-frequency exacerbation phenotype 
showed significantly increased ∆FEV1 values, indicating 
an accelerated increase in bronchial obstruction (Mann-
Whitney test, P=0.015) (Figure 1D). 

Characterization of inflammatory parameters

In our cohort, we did not detect a significant association 
of systemic inflammation with the different GOLD stages 
(Table 1). Furthermore, the frequency of patients with 
heightened CRP, IL-6 or TNF-α was not overtly increased 
in any of the GOLD stages (Table 1). In patients of the 
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Table 2 Summary of study parameters

Parameter Minimum/maximum Sample size (n)

Body weight (kg) 42/115 93

Body mass index (kg/m²) 14.2/42.1 93

FEV1 (L) 0.36/2.82 93

ΔFEV1 (L) −0.17/0.53 76

exacerbations/previous year 0/10 83

25-OHD (ng/mL) 8.4/51.1 94

CRP 0.8/110.7 79

IL-6 0.4/66.2 92

TNF-α 0.0/20.6 59

sunlight exposure (h/week) 1.0/21.0 93

sunlight exposure (frequency/week) 1/7 93

FEV1, forced expiratory volume in 1 second; ΔFEV1, mean annual decrease in FEV1 over the previous three years; 25-OHD, 
25-hydroxyvitamin D; CRP, C-reactive protein; IL, interleukin; TNF, tumor necrosis factor.

Table 3 Patient characteristics (recruited n=94)

Characteristics Value

Male, n (%) 64 (68.1)

Current smoker, n (%) 26 (27.7)

GOLD stage, n (%)

GOLD I 4 (4.25)

GOLD II 40 (42.55)

GOLD III 22 (23.4)

GOLD IV 28 (29.8)

Exacerbation phenotype, n (%)

Low-frequency 43 (51.8)

High-frequency 40 (48.2)

Inpatients, n (%) 28 (29.8)

Outpatients, n (%) 66 (70.2)

Age (years) (n=94), mean (SD) 68.6 (9.4)

Pack-years (n=85), mean (SD) 36.6 (21.3)

BMI (kg/m2) (n=93), mean (SD) 26.8 (5.4)

FEV1 (L) (n=93), mean (SD) 1.35 (0.56)

FEV1 (%) (n=93), mean (SD) 50.4 (18.6)

FEV1/VC (%) (n=93), mean (SD) 70.2 (15.5)

GOLD, Global Initiative for Chronic Obstructive Pulmonary Dis-
eases; BMI, body mass index; FEV1, forced expiratory volume in 
1 second; VC, vital capacity.

high frequency exacerbation phenotype, there was a trend 
for increased inflammation with respect to CRP and 
TNF-α levels and a significant increase in IL-6 (Table 1).  
Of note, both CRP and IL-6, but not TNF-α, levels 
were significantly increased in the inpatient collective as 
compared to the outpatients (Table 1).

Associations between serum 25-OHD levels and current 
disease severity

Most patients (n=77; 82%) revealed serum 25-OHD 
levels below 30 ng/mL while more than half showed 
serum levels below 20 ng/mL (n=51; 54%) (Figure 2A). 
Furthermore, we observed a fair positive correlation 
between serum 25-OHD levels and the FEV1 (Spearman 
r=0.38, P<0.001) (Figure 2B) and there were significant 
differences in the serum 25-OHD levels between the 
different GOLD stages [Kruskal-Wallis test, P=0.013; 
Dunn’s multiple comparisons, P=0.043 (GOLD I vs. 
GOLD IV)] (Figure 2C). In analysis of GOLD stages II 
to IV only, to exclude bias due to the small sample size in 
GOLD stage I, significant differences between GOLD 
stages persisted [Kruskal-Wallis test, P=0.04; Dunn’s 
multiple comparisons, P=0.034 (GOLD II vs. GOLD 
IV)]. Patients in GOLD stages I, II, III and IV showed 
mean 25-OHD levels of 29.7 (SD 6.5), 22.6 (SD 8.9), 21.0 
(SD 9.4) and 17.8 (SD 7.7) ng/mL. Therefore, patients 
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Figure 1 Progression of chronic obstructive pulmonary disease (COPD) and exacerbations. Data were analyzed for differences in the mean 
annual decrease in the forced expiratory volume in 1 second (∆FEV1) between Global Initiative for Chronic Obstructive Pulmonary Diseases 
(GOLD) stages I to IV (A) or GOLD stages I + II to IV (B) and for differences in the number of exacerbations over the last 12 months 
between GOLD stages I to IV (C). Analyses were performed by Kruskal-Wallis and Dunn’s multiple comparisons tests. Disease progression 
(∆FEV1) was compared between patients of the low and high exacerbation phenotype by two-tailed Mann-Whitney test (D). The median/
group is indicated. *, P<0.05.

in GOLD stage IV on average suffered from 25-OHD 
deficiency. The frequency of patients yielding serum 25-
OHD levels below 20 ng/mL increased with the GOLD 
stage (GOLD I none, GOLD II 43%, GOLD III 59%, 
GOLD IV 75%) (Figure 2D). Overall, these data indicated 
that COPD patients were likely to suffer from insufficient 
or deficient serum 25-OHD levels and low 25-OHD levels 
were significantly correlated with COPD severity.

Association between serum 25-OHD levels and systemic 
inflammatory parameters

Regarding systemic inflammatory parameters, there was 
no correlation between serum 25-OHD levels and TNF-α 
(Figure 3A). However, we observed fair negative correlation 
for the CRP (Spearman r=−0.32, P<0.01) (Figure 3B) as well 
as a weak negative correlation for IL-6 (Spearman r=−0.23, 
P=0.028) (Figure 3C). These data indicate decreased serum 

25-OHD levels to be associated with an increase in systemic 
inflammation in COPD patients.

Association of serum 25-OHD levels and sunlight exposure 
with the frequency of exacerbations and disease progression

We did not observe a significant correlation between 
serum 25-OHD levels and the frequency of exacerbations 
(Figure S1) or significant changes in 25-OHD levels 
between patients of the different exacerbation phenotypes 
(Mann-Whitney test, P=0.399) (Figure 4A). However, 
regarding disease progression we observed weak negative 
correlat ion of  serum 25-OHD levels  and ∆FEV 1 
(Spearman r=−0.26, P=0.024), indicating an association 
between low serum vitamin D levels and relatively rapid 
previous disease progression (Figure 4B).

As could be expected, there was fair positive correlation 
between 25-OHD levels and the reported average hours 
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Figure 2 Correlations between serum 25-hydroxyvitamin D (25-OHD) levels and disease severity. Data were analyzed for the relative 
distribution of serum 25-OHD levels in the cohort of patients with chronic obstructive pulmonary disease (COPD) (A) and for correlations 
between serum 25-OHD levels and the forced expiratory volume in 1 second (FEV1) (B). The Spearman r and the respective P value are 
indicated. Global Initiative for Chronic Obstructive Pulmonary Diseases (GOLD) stage dependent differences in serum 25-OHD levels 
were analyzed by Kruskal-Wallis and Dunn’s multiple comparison tests (C). The median/group is indicated. The frequency of serum 25-
OHD levels below 20 ng/mL, between 20 ng/mL and 30 ng/mL as well as above 30 ng/mL in the different GOLD stages was assessed (D). *, 
P<0.05.

of weekly sunlight exposure (Spearman r=0.35, P<0.001) 
(Figure S2A) as well as average frequency of sunlight 
exposures per week (Spearman r=0.33, P=0.001) (Figure S2B).  
As for 25-OHD levels (Figure 2C), the mean reported 
average hours of weekly sunlight exposure were lowest in 
patients of GOLD stage IV [GOLD I 18 (SD 0); GOLD 
II 10.8 (SD 6.3); GOLD III 11.9 (SD 5.3); GOLD IV 9.2 
(SD 6.9)] but there was no significant association between 
the GOLD stage and the reported average hours of weekly 
sunlight exposure (Kruskal-Wallis test, P=0.051) (Figure 
4C). Nevertheless, there was weak negative correlation 
between the reported average hours of weekly sunlight 
exposure and disease progression expressed as ∆FEV1 
(Spearman r=−0.25, P=0.03; Figure S3). Furthermore, 
patients of the high-frequency exacerbation phenotype 
reported significantly less average hours of weekly sunlight 
exposure than those of the low-frequency exacerbation 
phenotype (Mann-Whitney test, P=0.0013) (Figure 4D), 

indicating a negative association between sunlight exposure 
and the exacerbation frequency, which was not observed for 
25-OHD levels and the exacerbation frequency (Figure 4A). 
There were no significant correlations between 25-OHD 
levels and body weight, BMI or smoking (Figure S4).

Multi-variable regression analysis of associations between 
25-OHD and COPD parameters

Multi-variable linear regression analysis was performed to 
test which of the correlated factors GOLD stage, FEV1, 
∆FEV1, CRP, IL-6, average hours of weekly sunlight 
exposure and frequency of sunlight exposures per week 
in combination affected the serum 25-OHD level. As a 
result, the three independent variables FEV1, CRP and 
the reported frequency of sun exposure per week showed a 
significant influence on the dependent variable serum 25-
OHD level (Table 4). These three independent variables 
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Figure 3 Correlations between serum 25-hydroxyvitamin D (25-OHD) levels and inflammatory parameters. Data were analyzed for 
correlations between serum 25-OHD levels and serum tumor necrosis factor (TNF)-α (A), C-reactive protein (CRP) (B) and interleukin 
(IL)-6 (C). The Spearman r and the respective P value are indicated.

explained 26.7% of the total variance in the dependent 
variable (adjusted R squared =0.267).

Discussion

In our study, we report associations between serum 
25-OHD levels and disease severity in COPD. Our 
data furthermore suggest associations between serum 
25-OHD and prior disease progression and systemic 
inflammation, but not the frequency of exacerbations. 
We addressed correlations between disease severity, 
disease progression, exacerbation frequency as well as 
the inflammatory status and 25-OHD levels in a cohort 
of 94 COPD patients. Most frequent comorbidities in 
these COPD patients were excluded and the classification 
of disease severity was performed according to the 
functional GOLD stages, an objective disease-related 
approach that however rather neglects comorbidities. 
Nevertheless, and despite possible interference by 
comorbidities, we observed a number of significant 
associations between serum 25-OHD levels and different 

parameters of COPD. 
In our cohort, there were mainly patients in GOLD stage 

II to IV as patients in GOLD stage I are rarely treated by 
specialized pneumonologists. Disease progression as well as 
the frequency of exacerbations significantly differed between 
GOLD stages and patients in GOLD stage IV exhibited 
the highest median 3-year decline in FEV1. In contrast to 
our results, a large COPD study reported that patients with 
the largest rate of decline in lung function suffered from 
less severe lung disease at baseline (26,27). In our cohort, 
patients in GOLD stage IV furthermore showed the highest 
median number of exacerbations. In line with reports from 
other COPD studies (28), frequently exacerbating patients 
had experienced a significantly increased decline in lung 
function, supporting the understanding that exacerbations 
are key events in COPD with a high relevance for the 
disease (29). 

In our cohort, most patients indeed yielded suboptimal 
25-OHD levels, more than half revealed insufficient levels 
and we observed a significant correlation of serum 25-
OHD levels and the FEV1. Furthermore, in GOLD stage 
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Figure 4 Correlations between serum 25-hydroxyvitamin D (25-OHD) levels as well as sunlight exposure to disease progression and 
exacerbations. Exacerbation phenotype dependent differences in serum 25-OHD levels were analyzed by two-tailed Mann-Whitney test (A) 
(not significant, P=0.66). The median/group is indicated. Data were analyzed for correlations between serum 25-OHD levels and disease 
progression (mean annual decrease in the forced expiratory volume in 1 second, ∆FEV1) and the Spearman r and the respective P value are 
indicated (B). Data were analyzed for Global Initiative for Chronic Obstructive Pulmonary Diseases (GOLD) stage dependent differences 
in sunlight exposure by Kruskal-Wallis and Dunns multiple comparisons tests (C) and for exacerbation phenotype dependent differences 
in sunlight exposure by two-tailed Mann-Whitney test (P=0.0013) (D). In (C) and (D) data are shown as mean with standard deviation. **, 
P<0.01.

Table 4 Multi-variable regression analysis

Variable
Un-standardized 

regression coefficient B
Standard error

Standardized 
coefficient Beta

Significance  
(P value)

95% confidence interval

FEV1 4.914 1.948 0.303 0.014 1.013 8.815

CRP −0.217 0.074 −0.326 0.005 −0.365 −0.068

Sunlight exposure  
(frequency per week)

1.184 0.53 0.268 0.029 0.124 2.245

Results of multi-variable regression analysis using backward selection on the variables Global Initiative for Chronic Obstructive Pulmonary 
Diseases (GOLD) stage, forced expiratory volume in 1 second (FEV1), mean annual decrease in FEV1 over the previous three years, 
C-reactive protein (CRP), interleukin-6, the reported average hours of weekly sunlight exposure and the reported frequency of sunlight 
exposures per week.
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IV there was a mean 25-OHD level below 20 ng/mL,  
pointing at vitamin D deficiency. Taken together, our 
observations suggest a clear association between low 
25-OHD levels and the current disease severity in the 
analyzed cohort of COPD patients and are in line with 
previous reports describing decreased 25-OHD levels in 
COPD patients that correlate with airflow limitation in 
lung function (7,30-32).

Generally, the associations between decreased serum 25-
OHD levels and COPD severity are relatively clear and well 
described. Nevertheless, limited and at times conflicting data 
exist on correlations between the vitamin D status and lung 
function decline (33,34). A recent report however showed 
associations between vitamin D deficiency and both cross-
sectional as well as longitudinal lung function decline over 
1 year (8). In contrast to assessing the predictive value of 
baseline 25-OHD levels with regard to disease progression, 
in our study we retrospectively addressed associations 
between current 25-OHD levels and prior lung function 
decline. As described above, in our cohort ∆FEV1 was highest 
in the advanced stages of disease and there was a negative 
correlation with serum 25-OHD levels. These data point 
at an association between current 25-OHD levels and prior 
disease progression. Clearly, the question whether low 25-
OHD levels in COPD are cause or consequence remains (35).  
Therefore, also in light of the recent finding that the 
vitamin D metabolism is altered in COPD patients (36), 
in the future larger longitudinal studies will ideally further 
clarify not only the predictive value of baseline serum 25-
OHD levels in COPD patients but also how current 25-
OHD levels relate to prior lung function loss. This will be 
important in identifying mechanisms on how vitamin D acts 
on COPD disease progression and whether this displays a 
direct interaction. 

The frequency of exacerbations is an important factor 
in COPD severity that strongly affects patients (29,37,38). 
Clinically, associations between vitamin D deficiencies and 
respiratory infections have been proposed for the general 
population as well as in COPD (7,9,12,39). We did not 
observe an association between 25-OHD levels and the 
exacerbation frequency in our cohort. Importantly, this is in 
line with several previously published studies that also did 
not observe significant associations between 25-OHD levels 
and exacerbations (10,40-42). Therefore, the role of vitamin 
D in COPD exacerbations remains controversial and data 
on such associations, ideally also on a patient-specific level, 
will be essential when attempting to develop and investigate 
pathophysiological mechanisms of vitamin D deficiency in 

COPD especially with regard to exacerbations. 
In COPD patients, there is an individual systemic 

inflammatory component to the disease in addition to the 
local bronchial inflammation (43,44). Generally, COPD 
may be associated with elevated inflammatory parameters 
like serum CRP, IL-6 and TNF-α (45). Accordingly in 
our study, COPD patients showed heterogeneous levels 
of inflammatory parameters and there was no correlation 
between the analyzed parameters for inflammation and 
disease severity and disease progression, while at the same 
time serum IL-6 was significantly elevated in patients of 
the high exacerbation phenotype. Furthermore, in those 
patients that were recruited as inpatients, significantly 
elevated levels of CRP and IL-6 were detected. Generally, 
our data support the theory that different heterogeneous 
inflammatory phenotypes exist in COPD (43,46). Despite 
the lack of a correlation between inflammatory parameters 
and disease severity, we observed fair negative correlation 
for the CRP and weak negative correlation for IL-6 with 
serum 25-OHD levels. This is well in line with a very recent 
report describing correlations between a low 25-OHD 
status and inflammation in COPD patients (47). Altogether, 
these observations point at a possible interconnection 
between exacerbations, systemic inflammation and 25-OHD 
levels, which could be mediated by the immunomodulatory 
effect of vitamin D and the general risk of respiratory 
infections under vitamin D deficiency (48,49). 

Next to dietary uptake, serum 25-OHD levels mainly 
depend on sunlight exposure (23). Differences in lifestyle, 
physical exercise and thereby also sunlight exposure 
presumably display key factors in the associations between 
25-OHD levels and disease severity in COPD. As 
generally listlessness increases with pronounced pulmonary 
impairment, it is assumed that also light exposure decreases 
with disease progression, which in turn predisposes for 
vitamin D deficiency (7,19,50). In line with this, while the 
GOLD stage and weekly hours of sunlight exposure were 
not generally associated (Kruskal-Wallis test, P=0.051), 
patients in GOLD stage IV reported significantly lower 
weekly hours of sunlight exposure than those in GOLD 
stage I in direct comparison (Mann-Whitney test, P=0.022). 
At the same time, also mean 25-OHD levels significantly 
differed between GOLD stages (Kruskal-Wallis test, 
P=0.013) with the lowest levels in GOLD stage IV. Multi-
variable regression analysis revealed a functional (FEV1) 
as well as an inflammatory disease parameter (CRP) in 
combination with the frequency of sunlight exposure to 
significantly affect the level of 25-OHD. 
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There are several limitations to our study. Disease 
severity was staged based on airflow limitation according 
to the GOLD classification. Since COPD assessment test 
(CAT) or Medical Research Council (MRC) dyspnea score 
data were not available for all patients, there was no ABCD 
classification. Due to the relatively small overall sample size, 
there is only a little number of patients in GOLD stages I 
and II causing potential bias. Therefore, for some analyses 
these two groups were combined or GOLD I was excluded 
from the analysis. In the light of the study size, it needs to 
be emphasized that r-values <0.3 indicate only very weak 
correlations that will need to be confirmed in larger cohorts. 
Sample collection occurred throughout the year and there 
was no consideration of the season. We analyzed a cohort of 
inpatients and outpatients which potentially display different 
disease status and comorbidities next to those excluding 
patients from the study were not further analyzed. 

Ultimately, it will be a major challenge for future 
research to clearly discriminate between the baseline 
vitamin D status and its effects on the future course of the 
disease, including exacerbations, and COPD-mediated 
effects on 25-OHD levels, which in turn will then affect 
the disease. The question of vitamin D supplementation in 
COPD remains and several studies have indeed suggested a 
high potential to interfere with disease progression (51-53).  
Nevertheless, conflicting results have been obtained, 
up to now there is no explicit benefit for vitamin D 
supplementation in COPD and there are also caveats in 
vitamin D supplementation (19,54). Therefore, clearly 
larger longitudinal studies addressing the potential benefit 
of vitamin D substitution for the disease process in COPD 
are also needed, ideally at the same time addressing the 
underlying pathophysiological mechanisms. 

Conclusions

In line with published data, we observed reduced levels of 
serum 25-OHD that significantly correlated with disease 
severity in COPD patients. Furthermore, we describe a 
significant negative correlation between serum 25-OHD 
levels and prior lung function loss. At the same time, 
there was no correlation of serum 25-OHD levels with 
the frequency of experienced exacerbations. Therefore, 
insufficient 25-OHD levels possibly affect lung function 
independently of exacerbations and future studies will 
be needed to address the underlying mechanisms and to 
allow targeted intervention, for example by vitamin D 
supplementation.
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Figure S2 Spearman correlation between the reported average weekly hours of sunlight exposure (A) as well as the reported frequency of 
sunlight exposures/week (B) and 25-hydroxyvitamin D (25-OHD) levels. 

Figure S3 Spearman correlation between the average hours of weekly sunlight exposure and disease progression as in FEV1 decline. FEV1, 
forced expiratory volume in 1 second.

Figure S1 Spearman correlation between the number of exacerbations and 25-hydroxyvitamin D (25-OHD levels). 
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Figure S4 Spearman correlation analysis for body weight and 25-hydroxyvitamin D (25-OHD levels) (A), Spearman correlation analysis 
for body mass index (BMI) and 25-OHD levels (B), and comparison of 25-OHD levels between current smokers and non-smokers (Mann-
Whitney test) (C).
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