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Purpose: This study aimed to assess the association between vitamin D levels and forced 
expiratory volume in one second (FEV1), number of exacerbations, and symptoms based on 
COPD assessment test (CAT) scores in stable COPD patients in Indonesia.
Patients and Methods: An observational cross-sectional study was conducted. Subjects 
were stable COPD patients who were treated at a pulmonary clinic in a tertiary referral 
hospital in West Java from March to June 2018.
Results: Thirty subjects were recruited this study with an average age 62±8 years. The mean 
vitamin D level was 20.17±8.91 ng/mL. Half of the patients had low vitamin D level (<20ng/ 
mL) (50%). The mean FEV1 (%) predicted value was 37.2±14. The median exacerbation 
per year was 1 (0–5) and symptoms based on CAT score was 14 (3–34). No correlation was 
found between vitamin D levels and FEV1 (%) predicted value (r=0.126, p=0.253). Vitamin 
D level was inversely correlated with number of exacerbations (r=−0.639, p<0.001) and CAT 
(r= −0.802, p<0.001).
Conclusion: Low level of vitamin D was associated with more frequent exacerbation and 
higher CAT scores but was not associated with FEV1 (%) predicted.
Keywords: COPD, vitamin D, FEV1, CAT score

Introduction
Chronic obstructive pulmonary disease (COPD) is a pulmonary disease character-
ized by persistent and progressive air flow resistance in the airways.1 The preva-
lence of COPD accounted for almost 272.5 million cases in 2017.2 Based on World 
Health Organization, COPD caused 3.23 million deaths in 2019, making it as the 
third leading cause of death worldwide.3 Interestingly, in Indonesia, the prevalence 
of COPD was 3.7% in 2013.4

Vitamin D plays an important role in the respiratory system.5 Low vitamin D levels 
could lead to disruption of pulmonary function, especially in patients with previous 
respiratory disorders.6 Patients with COPD often experience vitamin D insufficiency or 
deficiency, as it may causes unstable pulmonary state.7 Vitamin D status is better in 
South East Asia and Japan compared to the Middle East, China and India. Vitamin 
D deficiency is also more common in Middle Eastern countries adult than South East 
Asia countries.8 This may be due to most countries in South East Asia are close to the 
equator line, thus receiving more sunlight.9

Prior studies showed high prevalence of low level vitamin D in males with 
COPD. Low level vitamin D was shown to be associated with lower FEV1, 
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exacerbation, and severity of disease.10–12 Our study 
aimed to identify the association between vitamin 
D levels and FEV1, number of exacerbations and CAT 
scores in both male and female stable COPD patients in 
Indonesia. To the best of our knowledge, this is the first 
study assessing the association of vitamin D with FEV1, 
number of exacerbations and symptoms based on CAT 
score in stable COPD patients in Indonesia.

Materials and Methods
Study Design and Data Collection
This observational analytical study was conducted with 
a cross sectional design. Subjects were stable COPD 
patients who had been diagnosed according to the 2017 
GOLD criteria (FEV1/FVC <70%) and treated at the 
Pulmonary Clinic at Hasan Sadikin General Hospital, 
Bandung between March and June 2018. The study popu-
lation as selected based on consecutive admissions. 
Exclusion criteria were a disease or conditions that may 
affect vitamin D levels and metabolism, such as diabetes 
mellitus, asthma, chronic kidney disease (CKD) of at least 
stage 3 with an estimated glomerular filtration rate 
(e-GFR) of less than 60 mL/min/1.73m2, chronic liver 
disease, tuberculosis, patients with malabsorption syn-
dromes, such as Crohn’s disease, celiac disease, inflamma-
tory bowel disease, or a history of gastrectomy or 
jejunoileostomy, malignant diseases, and subjects must 
not have taken vitamin D supplements in the previous 3 
months. Detailed medical history was taken to assess the 
characteristics of each study subject, height and weight 
checks to assess BMI, interview history of exacerbations 
in the past year and symptoms based on CAT scores, as 
well as vitamin D and spirometry examinations. Serum 
vitamin D levels were measured using the Enzyme 
Linked Immunosorbent Assay (ELISA) method and 
divided into sufficiency or normal if the value ≥30ng/ 
mL, insufficiency if 20–29 ng/mL and deficiency if 
<20ng/mL.5 Spirometry tests were performed according 
to ATS standards13 to assess the FEV1 (%) and FVC 
predicted by using CHESTGRAPH HI-101. Data were 
analyzed using bivariate analysis with Pearson correlation 
test or Spearman’s rank correlation test when the criteria 
for Pearson correlation test were not fulfilled. Variables 
that were analyzed are FEV1 (%) predicted, number of 
exacerbations per year and symptoms according to CAT 
score. The significance of the test results is determined if 
p < 0.05. Statistical analysis was performed using 

Statistical Product and Service Solution (SPSS) 18.0 ver-
sion for Windows. The size of the study sample was 
determined based on the formula to analyze the correlation 
between vitamin D and FEV1, vitamin D and the risk of 
exacerbation and vitamin D and symptoms based on CAT 
score. We use the correlation coefficient from previous 
study.10 The minimum sample required was 30.

The study had been ethically approved by the Ethics 
Committee of Dr Hasan Sadikin Hospital, Bandung 
according to approval letter number LB.04.01/A05/EC/ 
155/V/201. This study was conducted in accordance with 
the Declaration of Helsinki. Written informed consent was 
obtained from the subjects prior the commencement of the 
study.

Results
Baseline characteristics of the subjects are illustrated in 
Table 1.

A total of 30 subjects were included in this study, 
according to male gender as many as 25 (83.3%) and 
females as many as 5 (16.7%). The mean age of the 
subjects was (62±8) years, with the youngest age being 
50 years and the oldest 79 years. The mean vitamin D [25 
(OH) D] level was (20.17±8.91) ng/mL with the lowest 
level 7.30 ng/mL and the highest level 40.30 ng/mL. 
Subjects who had vitamin D deficiency status numbered 
15 (50.0%).

There was no significant correlation between vitamin 
D levels and FEV1 (%) predicted with r = 0.126 and p = 
0.253. Vitamin D showed moderate correlation with num-
ber of exacerbations (r = −0.639, p=<0.001). There was 
a strong correlation between vitamin D levels and symp-
toms based on CAT scores with r = −0.802 and p = <0.001. 
The correlation between vitamin D and FEV1 (%) pre-
dicted, number of exacerbations and CAT score in stable 
COPD patients is shown in Table 2.

Discussion
The mean value of vitamin D levels in this study was 
20.17±8.91 ng/mL. A lower serum vitamin D level was 
demonstrated in the previous similar study conducted in 
Egypt (11.94±7.66 ng/mL).10 This may be caused by 
several factors. In general, the higher prevalence of 
vitamin D deficiency relates to several issues, such as 
less vitamin D photosynthesis in response to UVB in 
individuals with darker skin, use of extensive skin cov-
erage, and scarce exposure to sunlight which has often 
been described in individuals originating from the 
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Middle East.14 Moreover, Indonesia is lying along the 
equator line, causing higher sunlight exposure than 
Egypt.9 These factors may in part explain why the 

prevalence of vitamin D deficiency is higher in the 
study by Gouda et al.10

Age may also play a role in this finding. In our study, 
the mean age was 62±8 years and vitamin D intake derived 
from nutrients was not assessed. In the elderly, vitamin 
D deficiency was usually due to lack of intake of foods 
rich in vitamin D,5,15,16 although according to Wacker et al 
sunlight exposure plays a more important role in produ-
cing vitamin D.17

This study did not find a significant correlation 
between FEV1 (%) predicted and vitamin D levels, 
although there was a positive trend; the higher the levels 
of vitamin D, the higher the FEV1 (%) predicted. The 
results of this study were not in accordance with 
a previous study, in which there was a significant positive 
correlation between vitamin D levels and FEV1 (%) pre-
dicted in stable COPD patients (r=0.548, p=0.001).10 

Janssens et al also found significant correlation between 
those two factors (r=0.28, p<0.0001).12 Several factors 
may be the cause of this finding. This study did not assess 
other factors affecting pulmonary function as measured by 
FEV1, such as treatment, types of drugs used, and duration 
of treatment. The prior study also did not assess factors 
affecting pulmonary functions in patients with COPD,10 

but based on the Toward a Revolutionary Study in COPD 
Health (TORCH), COPD treatment could slow the decline 
in FEV1.18 In the TORCH study, a decrease in FEV1 in 
study subjects receiving β-agonists (Salmeterol), 
Fluticasone, and a combination of Salmeterol/Fluticasone 
was around 27–31 mL per year, as compared to 56 mL in 
subjects receiving a placebo. Drugs used by study popula-
tion were also important, as in the Understanding Potential 
Long-Term Impact on Function with Tiotropium 
(UPLIFT) study, subjects receiving Tiotropium as an 
anticholinergic for 4 years associated with improved lung 
function, quality of life and decreased exacerbation despite 
the reduction in FEV1 was not significant.19 Thus, study 
subjects who received adequate COPD treatment, despite 
having a vitamin D deficiency, the predicted FEV1 values 
could be higher than research subjects who had vitamin 
D deficiency and inadequate treatments. Furthermore, we 
did not assess the role of VDBP gene polymorphisms in 
our study. VDBP gene polymorphisms and vitamin 
D status are associated with clinical features of COPD 
patients. A previous study showed that COPD patients in 
Korea with GC2 polymorphism (estimation 2.46%, 
p=0.050) or 1F-2 genotype (estimation 3.31%, p=0.015) 
is associated with a low ratio FEV1/FVC, while 1F-1F 

Table 1 Characteristics of Study Subjects

n (%) or Mean 
± SDa

Age (years) 62 ± 8

Gender
-Male 25 (83.3)

-Female 5 (16.7)

Body Mass Index (kg/m2) 21.8 ± 3.5

Work Environment

-Indoor 10 (33.3)

-Outdoor 20 (66.7)

Smoking Status

-Yes 25 (83.3)
-No 5 (16.7)

Smoking Criteria (number of cigarettes per day 
x years of tobacco use)

-Light smokers (<400) 11 (44.0)

-Moderate smokers (400–799) 7 (28.0)
-Heavy smokers (≥800) 7 (28.0)

Vitamin [25(OH)D] levels (ng/mL)
Mean ± SD 20.17 ± 8.91

-Deficiency 15 (50.0)

-Insufficiency 9 (30.0)
-Sufficiency 6 (20.0)

FEV1 (predicted) % 37.2 ± 14.7

Number of exacerbations (per year)

Median (range) 1 (0–5)

Symptom (CAT score)

Median (range) 14 (3–34)

Note: aOtherwise presented. 
Abbreviations: FEV1, forced expiratory volume in one second; CAT, COPD 
assessment test.

Table 2 Correlation Between Vitamin D and FEV1 (%) 
Predicted, Number of Exacerbations and CAT Score in Stable 
COPD Patients

Correlation 
Coefficient (r)

p-value

FEV1 (%) Predicted 0.126a 0.253

Number of exacerbations −0.639b <0.001*
Symptoms (CAT Score) −0.802b <0.001*

Notes: *Statistically significant (p<0.05). aPearson test. bSpearman’s rank correla-
tion analysis. 
Abbreviations: FEV1, forced expiratory volume in one second; CAT, COPD 
assessment test.
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genotype (estimation 3.61%, p=0.018) is associated with 
a high ratio FEV1/FVC.20 Additionally, vitamin D levels 
were found to be reduced in those carrying rs7041 GC 
variants and increased the risk for COPD severity 
(p=0.009).12

COPD exacerbation was mainly caused by microorgan-
ism infections that trigger the inflammatory process. 
Antimicrobial peptides such as cathelicidin are induced 
by the immune response to kill the microorganisms. 
Vitamin D stimulates the expression of cathelicidin in 
both myeloid and epithelial cells. With the antimicrobial 
function of cathelicidin associated with vitamin D levels, 
COPD exacerbations are reduced in patients with normal 
vitamin D levels compared to patients with vitamin 
D deficiency.7,15,16,21–23 This role of vitamin D was 
shown in our study; there was a significant correlation 
between vitamin D levels and the risk of exacerbation in 
patients with stable COPD at Hasan Sadikin General 
Hospital Bandung with a value of r=−0.639 and p<0.001. 
Malinovschi et al stated that COPD patients with severe 
vitamin D deficiency were associated with frequent 
exacerbations and hospitalization one year before mea-
surement of vitamin D level.24 Another study also found 
a significant negative correlation between vitamin D levels 
and the risk of exacerbation in patients with stable COPD 
(r=−0.481, p=0.007).10 Our findings are also aligned with 
previous study in India, in which COPD patients with 
vitamin D deficiency were tended to have more exacerba-
tions three times fold.11

Low vitamin D level has been linked to inflammation 
modulation, impaired host defense, elevation of protease 
expression, and airway remodeling.25 An imbalance 
between protease and anti-protease was found in the 
lungs of patients with COPD. Protease works to break 
down connective tissue components and anti-protease 
works to inhibit the breakdown process. Some types of 
protease derived from inflammatory cells and epithelial 
cells were increased in number in patients with COPD. 
Protease, such as neutrophil elastase and matrix metallo-
proteinase including MMP-9, which are useful for the 
destruction of elastin, were major connective tissue com-
ponents in the lung parenchyma.26 MMP-9 induced spu-
tum production and degradation of the lung parenchyma, 
thereby worsening COPD symptoms. Vitamin D is also 
inversely linked to MMP-9 activity, in which vitamin 
D deficiency may enhance MMP-9 levels.22 Vitamin 
D acts as a suppressant for TNF-α so that MMP-9 activity 
will be reduced. The decrease in MMP-9 activity will have 

an impact on the reduction in COPD symptoms.10,16,21,22 

In our study, there was a significant negative correlation 
between vitamin D levels and symptoms based on CAT 
scores in patients with stable COPD at Hasan Sadikin 
General Hospital Bandung with a value of r=−0.802 and 
p<001. These results are in accordance with previous 
study with r=−0.468 and p=0.009.10 In addition, 
a previous meta-analysis study showed a statistical signif-
icance of vitamin D therapy in COPD patient for improv-
ing the CAT score with p<0.01.27 Ringbaek et al found that 
the results of CAT, CCQ and SGRQ had a significant 
correlation with the severity of COPD.28 A previous 
study by Agrawal et al also found that the quality of life 
(assessed by SGRQ) of COPD patients who fall into 
GOLD III and IV classification are worse than COPD 
patients who fall into GOLD I classification.29 Patients 
with COPD have shown to had disturbed physical func-
tion, poor balance and weak muscle; these conditions 
worsened in COPD patients with vitamin D deficiency, 
thus leading to low quality of life.30

The limitation of our study is that we did not evaluate 
confounding factors that affect vitamin D metabolism, such 
as nutritional intake, duration of sun exposure, parts of the 
body exposed to sunlight, and also the presence of VDBP 
gene polymorphisms. The exacerbation and CAT score were 
reported by the patients, so self-reporting bias is inevitable In 
addition, the subjects of our study are limited.

Conclusion
Our study showed that a low serum level of vitamin D was 
associated with higher number of exacerbations and symp-
toms based on CAT scores but was not associated with FEV1 
(%) predicted in Indonesian patients with stable COPD.
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