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Abstract

Background: The objective of this study was to establish a correlation
between serum 25 (OH) vitamin D levels and the severity of disease in
patients with chronic obstructive pulmonary disease exacerbation (COPD).
Additionally, the study aimed to assess other factors associated with the levels
of serum 25 (OH) vitamin D in COPD patients. Materials and Methods:
Based on convenient sampling, 56 COPD patients who presented to the
department with acute exacerbation of COPD between 2022 and 2023 were
screened and included in the study. A 3 ml blood sample was taken from each
patient to measure the serum concentration of 25(OH) vitamin D and sent to
the lab. Result: A comprehensive examination was conducted on a total of 37
patients. Among the 37 patients, 33 were male and the average age was 63
years. The average Vitamin D level in the population was 27 ng/ml, with 3
individuals having a history of smoking. Conclusion: The findings of our
study demonstrate a close correlation between airway obstruction and levels of
25(0OH) vitamin D, which are almost identical. Based on our observations, we
determined that the majority of patients with Chronic Obstructive Pulmonary
Disease (COPD) were males. Multiple studies, including our own, have
demonstrated a correlation between reduced lung function, decreased exercise
capacity, and lower levels of serum 25(OH)Vitamin D.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
ranks as the third most common cause of death
globally,Mposing a significant threat to public
health. The GOLD report has further defined
exacerbations as “an event characterized by
dyspnoea and/or cough and sputum that worsen over
<l4days, which may be accompanied by
tachypnoea and/or tachycardia and is often
associated with increased local and systemic
inflammation caused by airway infection, pollution,
or other insult to the airways.” Chronic obstructive
pulmonary disease (COPD) is a common cause of
mortality and  morbidity  globally. COPD
exacerbations are associated with significant
morbidity, mortality, impaired quality of life and
costs.[? Patients with chronic obstructive pulmonary
disease (COPD) experience a gradual decline in
lung function, decreased exercise capacity, frequent
exacerbations of the disease, and the emergence of
additional health conditions outside of the lungs,

such as osteoporosis, infection, and cardiovascular
disease.P!

Vitamin D is conventionally recognised for its
functions in maintaining bone health and regulating
the balance of calcium and phosphorus.“IHowever,
vitamin D is not just a vitamin. It is widely
acknowledged as a pleiotropic prohormone, with its
receptor (vitamin D receptor [VDR] being
distributed  ubiquitously.PlVitamin D, as an
immunomodulatory agent, can enhance innate
immune responses during infection and also regulate
adaptive immune responses.SIFurthermore, vitamin
D is associated with the growth and division of
cells, the specialisation of cells into different types,
programmed cell death, and the binding of cells to
one another.ll The primary source of vitamin D is
the skin, which produces it when exposed to
sunlight. The remaining amount can be acquired

through  dietary  intake or by  taking
supplements.[®IEpidemiological ~ studies  have
documented that vitamin D deficiency is a

significant global health concern.PlVitamin D
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deficiency can be the underlying cause of a wide
range of diseases, such as autoimmune diseases,
allergy diseases, endocrine and metabolic disorders,
cancer, infections, and cardiovascular disorders.[2014
Several studies have suggested a potential
connection between vitamin D and COPD,
specifically focusing on the association between the
two.>IHowever, the conclusion was inconclusive.
Two meta-analyses investigating the roles of
vitamin D in chronic obstructive pulmonary disease
(COPD) have been conducted.'>®IHowever, the
studies were insufficient in terms of article quantity
were inaccurate in data extraction; combined
vitamin D levels from serum and plasma; included
participants who were taking vitamin D
supplements; or failed to analyse the sources of
significant variability. Thus, we conducted an
additional comprehensive analysis and meta-
analysis to elucidate the functions of vitamin D in
chronic obstructive pulmonary disease (COPD).This
study investigated the correlations between
circulating 25(OH)D levels and the likelihood,
intensity, and worsening of COPD.

MATERIALS AND METHODS

The present cross-sectional study was carried out in
the Department of Pulmonary Medicine, SRMS
IMS, Bhojipura, Bareilly, after approval by the
Institutional Ethics Committee. Based on convenient
sampling, 56 COPD patients who presented to the
department with acute exacerbation of COPD
between 2022 and 2023 were screened and included
in the study. To ensure the validity of findings, we
excluded patients with respiratory conditions other
than COPD such as asthma, interstitial lung disease
etc.; patients who were taking medicines that could
potentially affect serum Vitamin D concentration
(corticosteroids, calcium supplements, phosphorus,
or Vitamin D supplements) immunocompromised
patients; those with underlying renal, cardiovascular
or liver diseases; those with metabolic syndrome,
electrolyte imbalances, cancers or any diseases
associated with Vitamin D metabolism and
absorption.

Detailed history along with the socio-demographic
details was recorded, vitals measured and complete
physical examination was done. Acute exacerbation
of COPD was considered if there was a sudden
increase in dyspnea cough exacerbation and sputum
disposal that led to hospitalization. Investigations
were carried out as per the requirement. A 3 ml
blood sample was taken from each patient to
measure the serum concentration of 25(OH) VIT D
and sent to the lab. The patients were considered fit
to be discharged if they achieved a sufficient
improvement in dyspnea and oxygen saturation,
were clinically stable, and did not need continuous
oxygen therapy.

All data was entered in MS Excel and analysed
using SPSS 25.0 (trial version). Results were
expressed as the means and standard deviation or as

numbers and percentages. Statistical analysis was
done by applying ANOVA test and student “t” test.
The level of significance was fixed at 95%. P-value
< 0.05 was considered statistically significant.

RESULTS

Out of the screened patients, we identified 56
individuals who satisfied the specified inclusion and
exclusion criteria. Out of the total of 56 patients, 10
patients declined to take part in this study. Out of
the remaining participants, 4 individuals were
excluded due to their inability to undergo spirometry
testing as a result of restricted mouth opening
caused by conditions such as fibrosis or carcinoma.
1 patient was excluded due to their refusal to
provide a blood sample. Among the remaining
patients, 4 were excluded from further analysis due
to incomplete data. A comprehensive examination
was conducted on a total of 37 patients. Among the
37 patients, 33 were male and the average age was
63 years. The average Vitamin D level in the
population was 27 ng/ml, with 3 individuals having
a history of smoking.

General Characteristics: The results were presented
using the mean values plus or minus the standard
deviations. The average FEV1 % predicted in our
study was 50.88%, and the average serum 25(OH)
Vitamin D level was 27.86£16.47ng/ml [Table
1].The mean age at presentation was 63.84+9.86
years. Among the 37 patients, the majority (28)
were classified in GOLD stage 2 and 3. The average
25(0OH) vitamin D level was highest (59.33 ng/ml)
among patients in stage 1. The majority of patients
(56.8%) were former smokers, while only 10.8% of
patients were non-smokers. The average number of
pack years was 29.81+15.60.

Age Category: [Table 2] Our study found that the
average 25(OH) vitamin D level was lower in older
patients (aged over 70 years) compared to younger
patients (aged under 69 years). Nevertheless, there
was no statistically significant variation in 25(OH)
vitamin D levels among different age groups, as
indicated by a p value of 0.083.

COPD Severity: [Table 3] The average Vitamin D
level was found to be highest among patients with
stage 1 COPD, and as the severity of the disease
increased, the Vitamin D level decreased. Patients
with Stage 4 COPD exhibited the most diminished
levels of serum 25(OH) vitamin D. A negative
correlation existed between the severity of COPD
and the levels of vitamin D. The statistical
significance of the distribution of mean serum
25(0OH) vitamin D according to disease severity was
highly pronounced. The p-value is 0.001.

MMRC dyspnea grade: Among the 37 patients, the
majority were classified in mMRC grade 2 and 3.
The average 25(0OH) vitamin D level was highest
among patients in Grade 1 (52 ng/ml). As the
mMMRC score increased, the 25(OH) vitamin D level
decreased. The average serum 25 (OH) vitamin D
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levels were significantly lower (13 ng/ml) in
patients with grade 4 COPD. A strong negative
correlation was observed between the mMRC
Dyspnoea grade and the 25(0OH) vitamin D level,
with a statistically significant p-value of 0.001.

The mean levels of vitamin 25 (OH) D in the GOLD
group were divided based on disease symptoms and
risk. Out of the 37 patients in our study, the
majority, specifically 21 patients, belonged to
GOLD group A, while 12 patients were classified
under group B. The average 25(OH) vitamin D level
was highest among patients in group A, and then
followed by patients in group C. Group D patients
exhibited the lowest incidence. A strong negative
correlation was observed between the GOLD group
and the level of 25(OH) vitamin D, with a
statistically significant p value of 0.001. Put simply,
individuals experiencing more severe symptoms
exhibited lower levels of 25(0OH) vitamin D
compared to those with milder symptoms.

Pack years: We conducted a study to compare the
average 25(OH) vitamin D level based on the

number of pack years. The majority of patients (19)
had accumulated over 30 pack years, while a smaller
group (n=12) had accumulated 20-29 pack years.
The patients with 10-19 and 20-29 pack years had
the highest mean 25(OH) vitamin D level. It had the
lowest occurrence rate among the patients who had
smoked more than 30 pack years. A statistically
significant negative correlation was observed
between the number of pack years and the level of
25(0H) vitamin D. The value of P is 0.015.

Our study focused on comparing the mean 25(OH)
vitamin D levels based on the use of ICS therapy.
Among the 37 patients, 19 were receiving inhaled
corticosteroids (ICS). The 25(OH) vitamin D level
was lower in patients receiving ICS and higher in
patients not receiving ICS. A statistically significant
difference was observed in the 25(OH) vitamin D
level among COPD patients based on ICS therapy
(P=0.001). The majority of patients in the ICS
therapy group exhibited moderate to severe chronic
obstructive pulmonary disease (COPD).

Table 1: Characteristics of the patients with COPD.

Characteristic Mean/Number
Total Number of Patients(n) 37

Age in Years(Mean) 63.84+9.86
Male:Female (Ratio) 66:8

Pack Year(Mean) 29.81+15.60
Vitamin D Level[Mean(ng/ml)] 27.86+16.47
mMRC# (Mean) 2.57+0.49
FEV1%Predicted (Mean) 50.88+16.30
Smoking Status [n (%)]

Current Smoker(n) 12(32.4%)
Ex-Smoker(n) 21(56.8%)
Non-Smoker(n) 4(10.8%)
COPD Severity [n (%)]

Mild 3(8.1%)
Moderate 12(32.4%)
Severe 16(43.2%)
Very Severe 6(16.2%)

*BMI — Body mass index, mMMRC — Modified medical research council, COPD — Chronic obstructive

pulmonary disease.

Table 2: Mean serum 25(0OH) vitamin D levels in different age group in COPD patients.

Vitamin D level(ng/ml) ANOVA ‘F’ Significance ‘p’
Age Group (in years) Number MEAN SD Value value
40-59 8 31.06 17.85
60-69 17 31.30 16.40
70-79 8 19.94 14.18 2.313 0.083
>80 4 23.14 13.54
Table3: Characteristics of patients according to GOLD staging
Characteristic Gold Staging F Value P Value
Stageln-3 Stage2n-12 Stage3n-16 Stage4n-6
Mean+SD Mean+SD Mean+SD Mean+SD
Age in Years 55.17+8.68 63.29+10.06 63.63+8.51 69.83+10.70 3.347 0.024
Pack Year 24.33+8.21 23.67+14.05 30.97+15.44 41.75+15.57 4.434 0.007
mMRC 1.00+0.00 2.13+0.33 3.09+0.73 3.58+0.90 32.688 0.001
BMI 22.83+4.11 18.79+4.89 18.91+4.36 18.09+3.86 1.663 0.183
Vitamin D Level (ng/ml) | 59.33+15.51 36.17+10.35 22.25+10.98 10.50+4.10 37.558 0.001
Table 4: Mean Vitamin D level according to MMRC Dyspnea grade among COPD patients.
Mmrc Dyspnea grade Vitamin D level (ng/ml) ANOVA ‘F’ Significance
Number MEAN SD Value ‘p’ value
Gradel 5 52.00 19.69
280

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (O): 2687-5365; ISSN (P): 2753-6556




Grade2 11 35.91 10.69
Grade3 13 22.31 10.18 29.938
Grade4 8 13.18 6.03

0.001

Table 5: Comparison of mean Vitamin D level according to GOLD group among COPD patients.

Vitamin D level(ng/ml)
Gold B groups Number | MEAN SD ANOVA‘F’ Value Significance ‘p’ Value
Group A 3 59.33 15.51 39.260 0.001
Group B 12 36.17 10.35
Group C 1 45.00 24.04
Group D 21 17.81 8.74

Table 6: Comparison of mean Vitamin D level according to Pack Year among COPD patients

Vitamin D level(ng/ml)

ANOVA‘F’ Value

Significance ‘p’ Value

Pack year Number MEAN SD

0-9 4 28.75 9.43 3.740 0.015
10-19 2 35.60 743

20-29 12 35.17 18.11

>30 19 22.24 15.60

Table 7: Comparison of mean Vitamin D level according to ICS Therapy among COPD patients

Vitamin D level (ng/ml) Student ‘t’ Test Significance ‘p’
ICS Therapy Number MEAN SD value Value
Yes 19 21.47 13.20 3.717 0.001
No 18 34.61 17.05
DISCUSSION with a mean level of 25.7ng/ml.”2% In our study, we

The objective of this study was to establish a
correlation between serum 25 (OH) vitamin D levels
and the severity of disease in patients with chronic
obstructive pulmonary disease (COPD).
Additionally, the study aimed to assess other factors
associated with the levels of serum 25 (OH) vitamin
D in COPD patients.

The severity of COPD was assessed based on the
mean FEV1% predicted, which was found to be
50.88%. Additionally, the mean 25 (OH) vitamin D
level was measured at 27.86ng/ml, which is below
the normal range of >30 ng/ml. Over the past few
years, researchers have observed a deficiency of 25
(OH) vitamin D in patients experiencing a decline in
lung function.!] In the NHANES 111 study, Black
et. al discovered a negative correlation between
blood levels of 25(OH) vitamin D and FEV1 and
FVC in the healthy general population.[*8

In 2010, Janssens et. al. conducted a study on
individuals who were former smokers and had
COPD, as well as individuals who were former
smokers with normal lung function. The purpose of
the study was to investigate the relationship between
serum 25(0OH) vitamin D levels and COPD, as well
as the vitamin D receptor gene. The average FEV1%
predicted was 61+27% and the average 25(OH)
vitamin D level was 19.9+8.2 ng/ml. The study's
authors determined that there is a high prevalence of
25(0H) vitamin D deficiency in individuals with
COPD, and this deficiency is associated with the
severity of the disease in individuals who used to
smoke and have COPD.[* Kunisaki et al. conducted
a secondary analysis of data from North America in
2011 and observed a parallel trend.

A large cohort study of 973 patients with severe
COPD indicated lower levels of 25(OH) vitamin D,

examined patients who had been diagnosed with
COPD. Our main objective was to establish a
connection between the severity of COPD and the
levels of 25(0OH) vitamin D. The results of our study
indicate a very similar relationship between airway
obstruction and 25(OH) vitamin D levels. The
findings of our study in the Indian context align with
the research conducted by Janseens et al., Kunisaki
KM et al., and Cilingir BM et al.These studies
collectively offer compelling evidence supporting
the correlation between decreased levels of serum
25 (OH) vitamin D and the deterioration of lung
functions in patients with COPD. They also suggest
the importance of maintaining optimal levels of
serum 25(OH) vitamin D in COPD patients.[19:20-33]
Age Groups: Our study found that the average 25
(OH) vitamin D level was lower in patients over the
age of 70 compared to patients under the age of 69.
Nevertheless, there was no statistically significant
variation in 25(OH) vitamin D levels among
different age groups, as indicated by a p-value of
0.083. Previous research has characterized 25(0OH)
vitamin D deficiency as a prevalent occurrence
among older populations.?»?2 Prior Studies by
Jindal et al (2001), Mahesh et al (2009) and
Parasuramalu et al (2014)suggested that the
prevalence of COPD increases with age, which in
turn may lead to decreased mobility and sun
exposure.?®?1  Furthermore, the  diminished
consumption of 25(0OH) vitamin D in patients with
COPD, especially in the elderly, can account for our
observed results. 6!

mMRC stands for modified Medical Research
Council. A statistically significant negative
correlation was observed between the mMRC
Dyspnoea grade and the 25(OH) vitamin D level,
with a p-value of 0.001. In a randomized control
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trial conducted by Sanjari Metal.in in 2015, the
study examined the effects of treatment with 25
(OH) vitamin D. The researchers calculated and
compared the MMRC scores before and after
treatment in different groups. They found a
significant difference (p<0.001) between the group
receiving calcitriol and the group receiving
placebo.?l Similarly, Rezk et al observed a
substantial enhancement (p-0.003) in the Mmrc
dyspnoea scale one year after administering 25(OH)
vitamin D replacement.[?8]

The GOLD group classification was based on the
differentiation of disease symptoms and risk factors.
A statistically significant negative correlation was
observed between the GOLD group and the 25 (OH)
vitamin D level, with a p-value of 0.001. Put simply,
individuals experiencing more severe symptoms
exhibited lower levels of 25 (OH) vitamin D
compared to those with milder symptoms. A study
conducted by Kocabas A et al. in 2013 from Turkey
found that the likelihood of 25 (OH) vitamin D
deficiency was 4.83 times higher in GOLD group D
compared to GOLD group A.*°! This supports the
notion that there is a similar outcome to previous
research.

Our study involved comparing the mean 25 (OH)
vitamin D level based on the Pack Year. A
statistically significant negative correlation was
observed between the number of pack years and the
level of 25 (OH) vitamin D (P=0.015). The earlier
study,B% has described a negative correlation
between smoking status and the decline in lung
function.

In 2016, Sanket S et al discovered that there was a
greater likelihood of experiencing a deficiency in 25
(OH) vitamin D with an increase in the number of
pack years of smoking.*1 A study conducted by
Cutillas et al in 2012 also yielded a comparable
result.32

Our study involved comparing the average 25(0OH)
vitamin D level based on the use of ICS therapy.
The 25(0OH) vitamin D level was lower in patients
receiving ICS and higher in patients not receiving
ICS. A statistically significant difference was
observed in the 25(OH) vitamin D level among
COPD patients based on ICS therapy (P=0.001).
The majority of patients in the ICS therapy group
exhibited moderate to severe chronic obstructive
pulmonary disease (COPD). In 2011, Gupta A et al.
discovered that the utilization of inhaled
corticosteroids in individuals with asthma was
linked to a deficiency of 25(OH) vitamin D.[34
Summary - Serum 25 (OH) Vitamin D levels are an
effective and appropriate method for evaluating
systemic vitamin D levels. The objective of this
study was to establish a correlation between serum
25(0OH) vitamin D levels and the severity of disease
in patients with chronic obstructive pulmonary
disease (COPD). Additionally, the study aimed to
assess other factors that are associated with serum
25(0H) vitamin D levels in COPD patients. Based
on our observations, we determined that the

predominant demographic of patients with COPD
was male. Lower levels of serum 25(0H) vitamin D
were linked to increased airway obstruction. The
average levels of serum 25 (OH) Vitamin D were
found to be lower in older patients compared to
younger patients, and were also associated with
GOLD group D rather than GOLD group A.
Reduced levels of serum 25 (OH) vitamin D were
linked to higher pack vyears, more frequent
exacerbations in the self-declared previous year,
lower socioeconomic status, and the use of inhaled
corticosteroids in patients.

CONCLUSION

In our study, we included patients who had been
diagnosed with COPD. Our primary objective was
to establish a correlation between the severity of
COPD and the levels of 25(0OH) vitamin D. The
findings of our study demonstrate an almost similar
trend Dbetween declining lung function and
deficiency of 25(0OH) vitamin D levels. Based on
our observations, we determined that the majority of
patients with Chronic Obstructive Pulmonary
Disease (COPD) were males and smokers. Multiple
studies, including our own, have demonstrated a
correlation  between reduced lung function,
decreased exercise capacity, and lower levels of
serum 25(0OH) Vitamin D. Collectively, our study
findings, along with previous research, indicate a
robust correlation between reduced levels of serum
25(0OH) vitamin D and deteriorating lung function in
individuals with  COPD. Therefore, it s
recommended to maintain optimal serum 25(OH)
vitamin D levels in COPD patients. Future well-
designed clinical trials are necessary to evaluate the
impact of vitamin D supplementation on the decline
in lung function, exercise limitations, morbidity and
mortality in patients with COPD.
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