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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is associated with systemic
inflammation and frequent exacerbations, thus, leading to disease progression and increased
morbidity. Vitamin D deficiency has been suggested to be a contributing factor to COPD
inflammation and exacerbations. Aim: To investigate the association between serum 25-
hydroxyvitamin D [25(OH)D] levels, systemic inflammation and exacerbation frequency among
patients with COPD GOLD group E. Methods: A cross-sectional study was conducted on 111 patients
with stable COPD. Patients were divided into two groups based on their serum 25(OH)D levels (<50
nmol/L vs. 250 nmol/L). Data on exacerbation frequency the past year, inflammatory markers,
dynamic lung volumes and symptom burden were collected. Results: Patients with low serum
25(OH)D (<50 nmol/L) had significantly higher CAT-score and level of serum-high sensitivity (hs)-
CRP and exhibited significantly more exacerbations compared to those with higher levels (p <0.001,
p <0.001 and p < 0.0001, respectively). Furthermore, lower vitamin D levels were associated with
higher CAT scores (r =-0.30; p < 0.01) and level of serum hs-CRP (r =-0.25; p < 0.01) and significantly
more exacerbations (r = -0.74; p < 0.0001). Conclusion: Low vitamin D levels are significantly
associated with greater symptom burden, elevated hs-CRP and increased exacerbation frequency in
COPD patients group E. These findings suggest that monitoring and treating vitamin D deficiency
may be beneficial in COPD patients with frequent exacerbations.

Keywords: chronic obstructive pulmonary disease (COPD); systemic inflammation; exacerbations;
vitamin D deficiency; serum 25-hydroxyvitamin D [25(OH)D], GOLD group E; inflammatory
markers; high-sensitivity C-reactive protein (hs-CRP); COPD symptom burden; lung function

Introduction

Due to Sweden's northern latitude and extended periods of low sunlight, maintaining adequate
vitamin D synthesis can be challenging [1]. In addition, for patients with severe chronic obstructive
pulmonary disease (COPD) physical limitations often reduce outdoor activity [2,3]. Among elderly
patients with advanced COPD previous research suggests that 50-70% may display a lack of vitamin
D, i.e. serum 25-hydroxyvitamin D [25(OH)D] levels below 50 nmol/L [4-7]. Since 25(OH)D is the
stable circulating metabolite of vitamin D, it is the preferred marker for serum analysis.

The relationship between vitamin D deficiency and COPD progression remains unclear [8-10].
It is possible that a lack of vitamin D merely reflects generally poor health, rather than being a direct
cause behind COPD progression [11]. However, evidence suggests that vitamin D may have anti-
inflammatory effects that could counteract the inflammatory processes involved in COPD [12]. Thus,
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low serum 25(OH)D levels are associated with poor lung function [13-15], increased respiratory
symptoms [7,16,17], and reduced quality of life [7,16,18].

Given the known anti-inflammatory effects of vitamin D [12], it is reasonable to investigate the
vitamin’s role for COPD exacerbations. Multiple studies have also reported a link between low serum
25(OH)D levels and increased frequency of COPD exacerbations [19-25]. Two recent studies from
2021 examined the relationship between serum 25(OH)D and systemic inflammation in COPD
patients and demonstrated that the strongest correlation was with the inflammatory marker CRP
[26,27]. However, the correlations of these two studies were rather weak (Spearman; r=-0.25, p <0.01
and r=-0.32, p <0.01, respectively), which might be explained by mixed COPD stages (I-IV) included
[26,27]. Thus, to better understand the role of low serum 25(OH)D level in systemic inflammation
and COPD exacerbations, we hypothesized that patients with COPD and frequent exacerbations, i.e.,
GOLD group E, would be more relevant for further studies.

Therefore, the objectives of the present study were to investigate patients with COPD belonging
to GOLD group E, to better understand whether low serum 25(OH)D is associated with raised levels
in serum of markers of systemic inflammation, and to study relationships between serum 25(OH)D
and other clinical variables, such as symptom burden and COPD exacerbation frequency the past
year.

Methods

Study Design and Data Collection

The present study is a monocentric, cross-sectional, observational study. The inclusion and
criteria for the study were COPD (defined as FEV1/FVC <0.7 after bronchodilator inhalation and
symptoms present typical for COPD and FEV1% predicted after bronchodilation <100%), belonging
to GOLD group E, in a stable phase and age >45 years. Exclusion criteria were ongoing
supplementation with calcium and/or vitamin D, recent COPD exacerbation or infection (treated with
antibiotics and/or oral cortisone) two weeks before the inclusion date or ongoing exacerbation,
systemic inflammatory disease, mental inability, and unwillingness or language difficulties that
would cause difficulties in participating in the study. Patients were included in the study from
August 2012 to October 2018.

Data on gender, age, smoking status, body-mass-index (BMI), COPD medications, exacerbation
frequency during the past year (only moderate and severe exacerbations were registered), symptom
burden (assessed by the COPD Assessment Test; CAT) [28], dyspnea (assessed by the modified
Medical Research Council scale; mMRC) [29], and comorbidities (assessed by the Charlson
Comorbidity Index; CCI) [30] were registered at inclusion.

Blood oxygenation (SAT) was assessed, and venous blood samples were collected at inclusion
to measure the levels of white blood cell count (WBC) and high-sensitivity C-reactive protein (hs-
CRP). Dynamic spirometry was performed using a spirometer from Jaeger and Hedenstrom as a
reference [31,32]. Thus, measurements were performed pre- and post-bronchodilator (salbutamol 0.1
mg/dose x 4 doses administrated via a spacer). COPD was staged by airway obstruction, that is,
FEV1% predicted 80-100%=GOLD stage I, 50-79%=stage II, 30-49%=stage IlII, and <30%=stage IV.

Data Handling and Data Protection
All data handling procedures adhered to the guidelines by the General Data Protection
Regulation (GDPR). The collected data were anonymized and were securely stored.

Patient and Public Involvement

Patients and the public were not involved in the design or conduct or reporting of the present
research. Results were not disseminated to study participants.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.0584.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 September 2025 d0i:10.20944/preprints202509.0584.v1

3 of 10

Statistical Analysis

The statistics were presented as numbers (n), mean and standard deviation (S5D), median and
inter quartile range (IQR), and minimum (min) and maximum (max). Correlations were calculated
with Pearson’s correlation coefficient (r), when variables fulfilled the normality criterium; otherwise,
Spearman’s Rank Test (p) was used. The level of significance was 0.05 and the p-values were two-
tailed. All analyses were undertaken using IBM SPSS Statistics, vs 27.0.0.0 (IBM SPSS, Chicago, IL,
USA).

Ethics

The Swedish ethical review authority (Dnr: 2022-05013-01) granted ethical approval. The study
was performed according to ethical rules originating from the Declaration of Helsinki. All mandatory
laboratory health and safety procedures have been followed.

Results
Characterization of the Study Population

One hundred eleven patients with COPD, GOLD group E, were included in the data analysis
from August 2012 to October 2018, and divided into two groups, those with serum 25(OH)D <50
nmol/L (hereafter called “low”) and those with serum 25(OH)D 250 nmol/L (hereafter called “high”).
Variables without significant difference are summarized in Table 1. Thus, the two groups did not
differ significantly regarding gender, age, smoking status, BMI, mMRC, CCI, WBC, SAT, post-
bronchodilator FEV1 % of predicted, GOLD stage and on-going medications for COPD, including
LTOT. None of the patients were on calcium and/or vitamin D supplementation.

Table 1. Descriptive statistics.

COPD patients Low (< 50 nmol/L) High (=50 nmol/L) Difference
n=111 n=>53 n=>58

Age (yrs) 70+10 (46-84) 70+7 (52-86) n.s.
Women, n (%) 28 (53) 34 (57) ns.
BMI (kg/m?) 26+7 (15-44) 2545 (15-40) n.s.
Current smokers, n (%) 12 (23) 7 (12) n.s.
Ex smokers, n (%) 39 (74) 49 (84) n.s.
Never smokers, n (%) 2 (4) 2 (3) n.s.
mMRC (points) 3(1) Md (IQR) 3(1) Md (IQR) n.s.
CCI, score 1, n (%) 12 (23) 18 (31) n.s.
CClI, score 2, n (%) 13 (25) 7 (12) n.s.
CCI, score 3, n (%) 14 (26) 14 (24) n.s.
CClI, score 24, n (%) 14 (26) 19 (33) n.s.
WBC 9.8+4.2 (4.2-5.8) 8.7+2.3 (4.2-15.4) n.s.
SAT (%) 926 (70-100) 94+4 (82-100) n.s.
FEV1 (% predicted) 42+17 (14-92) 41417 (13-82) n.s.
GOLD stage 1, n (%) 1(2) 0 (0) n.s.
GOLD stage 2, n (%) 18 (34) 17 (29) n.s.
GOLD stage 3, n (%) 14 (26) 22 (38) n.s.
GOLD stage 4, n (%) 20 (38) 18 (31) n.s.
COPD medications

SABA; n (%) 39 (74) 48 (83) n.s.
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SAMA; n (%) 15 (28) 14 (24) n.s.
LABA; n (%) 51 (96) 56 (97) n.s.
LAMA; n (%) 50 (94) 53 (91) n.s.
ICS; n (%) 50 (94) 54 (93) n.s.
OCS; n (%) 13 (25) 13 (22) n.s.
PDA4I; n (%) 7 (13) 7(12) n.s.
LTOT; n (%) 16 (30) 12 (21) n.s.

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; COPD, chronic obstructive
pulmonary disease; FEV1(% of predicted), forced expiratory volume in one second expressed as % of predicted;
GOLD, global initiative for chronic obstructive lung disease; ICS, inhaled corticosteroids; IQR, inter quartile
range; LABA, long acting beta-2 agonists; LAMA, long acting muscarin antagonist; LTOT, long term oxygen
therapy; Md, median; mMRC, modified Medical Research Council dyspnoea scale; n.s., not significant; PD4I,
phosphodiesteras 4 inhibitor; OCS, oral corticosteroids; SABA, short acting beta-2-agonists; SAMA, short acting

muscarin antagonist; SAT, blood oxygen saturation; WBC, white blood cell count.

Vitamin D Status Has a Significant Impact on CAT, hs-CRP and Exacerbation Frequency

The group with patients displaying low serum 25(OH)D had significantly higher CAT-score and
level of serum-hs-CRP and exhibited significantly more exacerbations compared to those with high level
of serum 25(OH)D (p < 0.001, p <0.001 and p < 0.0001, respectively). Results are shown in Figure 1.
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Figure 1. Significant differences between low and high serum 25(OH)D, defined as <50 nmol/L and > 50 nmol/L,
respectively; (A) CAT, (B) serum hs-CRP and (C) exacerbation frequency during the year prior two inclusion.

Vitamin D Level Correlates Significantly with CAT, hs-CRP and Exacerbation Frequency

Low serum 25(0OH)D was associated with high CAT score (r = -0.30; p < 0.01) and level of serum
hs-CRP (Spearman; r = -0.25; p < 0.01) and significantly more exacerbations during the past year (r =
-0.74; p < 0.0001) compared to those with high serum 25(OH)D. Results are shown in Figure 2. No
significant associations were observed between serum 25(OH) and the other study variables
presented in Table 1.
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Figure 2. Significant correlations between serum 25(OH)D and (A) CAT score (Pearson; r = -0.30; p < 0.01), (B)
serum hs-CRP (Spearman; r = -0.25; p < 0.01) and (C) exacerbation frequency during the year prior to inclusion
(Pearson; r =-0.74; p <0.0001).

Discussion

In this cross-sectional study of 111 patients with COPD, group GOLD E, without on-going
vitamin D supplementation low serum 25(OH)D was associated with a greater COPD symptom
burden (shown as high CAT-score), an elevated level of hs-CRP and an increased exacerbation
frequency during the past year (Figure 1). To the best of our knowledge, the present study is the first
to show, in the same study, that symptom burden, systemic inflammation and exacerbation
frequency are all associated with the level of serum 25(OH)D (Figure 2). No significant associations
were observed between serum 25(OH)D and the other study variables. These findings reinforce the
idea that vitamin D plays a role in immune regulation and inflammation related to COPD.

In a previous study of a cohort of patients with severe COPD, our research team showed that
ongoing vitamin D supplementation was the most important intervention to maintain serum
25(OH)D levels above 50 nmol/L [7]. In the present study, none of the patients included was on
supplementation with vitamin D. Compared with earlier studies demonstrating 50-70% prevalence
of vitamin D deficiency among patients with COPD [4-7], a more recent Swedish study reported that
only 33% of the study subjects demonstrated vitamin D deficiency [33]. In that study, subjects were
included from January 2017 to December 2018 and from January to December 2021 [33].

The Swedish regulation on food fortification changed in 2018, to include more products and higher
fortification levels of vitamin D [34]. Therefore, more people cover their recommended intake of vitamin
D from food. In recent years, increased awareness of the osteoporosis risk among elderly has led to routine
prescription of calcium and vitamin D supplements. In addition, due to an increased public awareness
among elderly that vitamin D deficiency is associated with an increased risk of respiratory infections [35],
purchase of over-the-counter supplements containing vitamin D has increased.

Consequently, the recruitment of patients with COPD with vitamin deficiency and without
ongoing vitamin D supplementation has become troublesome. This problem is well illustrated by a
recent Dutch, multi-centre, 2-arm, parallel, double-blind RCT over 1 year, studying the effect of
vitamin D supplementation on exacerbations; 2 444 patients were screened for eligibility; the major
reasons for exclusion were refusal to participate (n=659), no exacerbations in the previous year
(n=555), ongoing vitamin D supplementation (n=442) and serum 25(OH)D >50 nmol/L (n=141) [36].
Despite an extension of the predefined inclusion period of 1.5 years to 3.5 years, the predefined
sample size (120 in each arm) was not reached [36]. Possibly due to insufficient power, the study did
not show any significant effect on exacerbation frequency by vitamin D supplementation [36]. In the
present study, all subjects were recruited from August 2012 to October 2018, thus, when vitamin D
deficiency still had a high prevalence among Swedish patients with COPD.

Plenty of previous studies have shown that adequate vitamin D levels were associated with less
burden of COPD symptoms [7,16,17]. The result of the present study is in line with these studies, as it
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shows a significant negative correlation between serum-25(OH)D and CAT-score (r = -0.30; p < 0.01)
(Figure 2A).

To the best of our knowledge there is only one previous study like the present [27]. Jorde et al.
recruited study subjects during 2011-2012 and demonstrated a significant association between low
levels of serum 25(OH)D and raised levels of CRP [27]. The correlation was rather weak (Spearman;
r=-0.32, p <0.01; n=94) [27]. In another study, the same correlation was even weaker (Spearman; r
=-0.25, p < 0.01; n = 101) [26]. These observations gave us the idea to test whether this correlation
could be strengthened by a study on only frequent exacerbators (n=111), and, by employing high-
sensitivity CRP, to achieve a more fine-tuned assessment of the systemic inflammation. In contrast to
what we expected, these alterations of the study conditions gave almost the same result (Spearman;
r=-0.25; p < 0.01) (Figure 2B). We conclude that the present study provides additional evidence for
an association in patients with COPD between vitamin D deficiency and systemic inflammation and
past exacerbations (Figures 2B-C).

In the present study, we also analyzed WBC and fibrin, being well-known markers of systemic
inflammation. None of these markers demonstrated a significant difference, when patients with low
serum-25(OH)D were compared with patients exhibiting high level of serum-25(OH)D (Table 1). We
decided to not complete the analysis of IL-6 in all subjects, since Jorde et al [27] already had
demonstrated that IL-6 displayed a weaker correlation (Spearman; r = -0.23, p = 0.028) with serum
25(OH)D than CRP did.

Unlike the study by Jorde et al [27], who did not find a correlation between the serum 25(OH)D
level and the number of exacerbations during the past year, we found a very strong correlation (r = -
0.74; p < 0.0001). This difference was probably due to the selection of patients with frequent
exacerbations. This observation is in line with previous studies [19-25], but, unlike these studies, the
present study assesses the important link between systemic inflammation and serum 25(OH)D.

The exact mechanisms of how vitamin D deficiency influence the inflammatory process
observed in COPD still require further studies. Notably, the first report on a link between vitamin D
deficiency and iron-mediated oxidative damage in the pathogenesis of COPD was very recently
published [37]. Thus, vitamin D deficiency was positively associated with glutathione peroxidase 4
reduction and iron parameters elevation in COPD patients [37]. Plenty of studies support the crucial
role of transition metals, like ferrous iron, and oxidative damage on lung cells as the cause behind
the structural changes observed in airways and lung tissues of patients with COPD [38-41].

Conclusion

The results of the present study emphasize the clinical relevance of monitoring and addressing
vitamin D deficiency in COPD patients, particularly those experiencing frequent exacerbations.
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