1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

1duosnuey Joyiny

&

WEALTH 4
of P
e

/ HHS Public Access

Author manuscript

ﬁ Clin Respir J. Author manuscript; available in PMC 2022 April 01.

Published in final edited form as:
Clin Respir J. 2021 April ; 15(4): 389-399. doi:10.1111/crj.13310.

Vitamin D deficiency is associated with chronic obstructive
pulmonary disease and exacerbation of COPD.

Komarla Sundararaja Lokesh?, Sindaghatta Krishnarao Chayal, Biligere Siddaiah Jayaraj?,
Attahalli Shivanarayanprasad Praveena?, Murali Krishna34, Purnima Madhivanan®6.7,
Padukudru Anand Mahesh?1.7:8

1Department of Respiratory Medicine, JSS Medical College and Hospital, JSS Academy of
Higher Education & Research (JSSAHER), Mysuru, India;

2Department of Studies in Statistics, University of Mysore, Mysuru, India;
SFoundation for Research and Advocacy in Mental Health, Mysuru, India;
4Faculty of Health and Social Care, Edgehill University, Lancashire, United Kingdom

SDepartment of Health Promotion Sciences, Mel & Enid Zuckerman College of Public Health,
University of Arizona, Tucson, AZ, USA

6Division of Infectious Diseases, College of Medicine, University of Arizona, Tucson, AZ, USA,
“Public Health Research Institute of India, Mysuru, India;

8Lead, Special Interest Group - Environment and Respiratory Diseases, JSS Academy of Higher
Education & Research, Mysuru, India.

Abstract

Introduction: Low Vitamin D levels have been associated with Chronic Obstructive Pulmonary
Disease (COPD) and acute exacerbations.

Objectives: There is paucity of data on vitamin D and COPD, its severity and exacerbations in
populations that are exposed to sunlight regularly with high levels of physical activity most of their
lives.
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Methods: Serum levels of 25-OH-Vitamin-D was assessed in 100 COPD subjects and 100 age-
and gender-matched controls from the rural community based MUDHRA cohort in South India.
Levels of <20ng/ml was defined as Vitamin D deficiency. Smoking habits, occupation, Charlson
co-morbidity index, Standard of living index(SLI), body mass index(BMI), 6-minute walking
distance were examined for associations with by logistic regression between controls and COPD
subjects. Unconditional logistic regression was used to examine the association with exacerbation
of COPD.

Results: Vitamin D deficiency was observed in 64.5%(95%CI 57.7-70.8) of the subjects in spite
of regular exposure to sunlight. Subjects with COPD had higher risk of Vitamin D deficiency
(Adjusted OR: 5.05; 95%CI 1.4-17.8) as compared to controls. Among subjects with COPD,
Vitamin D deficient subjects were 3 times more likely to have exacerbations in the previous year
(Adjusted OR:3.51; 95%CI 1.27-9.67) as compared to COPD subjects without Vitamin D
deficiency. Levels of Vitamin D below 20.81 ng/ml and below 18.45 ng/ml had the highest levels
of combined sensitivity and specificity for COPD and exacerbations respectively.

Conclusion: In a rural population exposed to sunlight many hours in a day throughout their
lives, low Vitamin D levels were associated with COPD and exacerbations of COPD
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common cause of mortality and
morbidity globallyl:2. COPD exacerbations are associated with significant morbidity,
mortality, impaired quality of life and costs::2. There is interest on protective factors with a
potential for attenuating and ameliorating the frequency and severity of COPD
exacerbations.Vitamin D is of particular interest due to its various effects on lungs, tissue
remodeling, reduction of pro-inflammatory cytokines and beneficial modulation of both
innate and adaptive immune systems3=5, regulating more than 1000 genes andbeing critical
for normal human physiology beyond the skeletal system®.

Majority of studies exploring relationship of vitamin D with COPD, its severity and
exacerbations are conducted in areas with sub-optimal sunlight and lack of sunlight
throughout the year or in cities where most residents spend time indoors (homes or
offices)’~9. There are limited data on the association of vitamin D with severity of COPD
and its exacerbation in populations that are both adequately exposed to sunlight and
maintain higher levels of physical activity through the lifecourse. The Mysuru stUdies of
Determinants of Health in Rural Adults (MUDHRA) cohort in rural areas ofMysore district,
South India, where sunlight is abundant and members the cohort are mostly farmers and or
manual laborers, was set up in 2009.The cohort profile has been previously published?.

This study aimed to evaluate whether vitamin D levels were associated with lower lung
functions in non-COPDindividuals and COPD patients. Furthermore, we examined if lower
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vitamin D levels were associated with COPD severity and acute exacerbation of COPD
(AECOPD) in the previous year and during 6 months of prospective follow-up.

Methods

Ethics Statement:

Study was approved by Institutional Ethical Committeeat JSS Medical College, Mysuru,
India and Institutional Review Board at Florida International University(FIU), USA.
Subjects who provided written informed consent were enrolled in the study.

Study Population

Subjects in the MUDHRA Cohort in 2009 were recruited usinga two stage sampling?. In
the first, two talukas (administrative sub-districts) were selected out of seven, and in the
second, 16 villages were randomly selected. All men and women aged 30 years and above
were invited to participate in a baseline study to establish the prevalence of COPD and its
risk factors according to the protocol from Burden of Obstructed Lung Disease (BOLD)
Study, where 8457 subjects were recruited!1:12, Of these, 1692 underwent spirometry and
1085 subjects provided acceptable spirometry readings!?, and constituted the MUDHRA
cohort.

Of the original 1085 members, 869 were retraced between 2014-15, and baseline
assessments were repeated with a comprehensive questionnairel4, spirometry for lung
function estimation, 6-minute walk test'> andCharlson’s co-morbidity index6:17. Current
smoker was defined as a person who was smoking during the time of study’8. Biomass fuel
smoke exposure index was calculated by multiplication of average hours of exposure with
number of years of exposurel®. Occupation was categorised as heavy work and non-heavy
work based on guidelines from Occupational Safety and Health Administration, USAZ20,

Among 869 subjects, 108 subjects were diagnosed as having COPD according to the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) criteria (age above 40 years and no
history of asthma, post bronchodilator FEV1/FVC ratio <0.70 in spirometry). Subjects with
COPD were categorized on severity of airflow limitation in spirometry and multi-
dimensional assessment of COPD (GOLD ABCD). Exacerbation of COPD was defined as
change in symptoms more than expected diurnal variation which necessitated additional
clinical intervention including prescription of additional medications which includes
antibiotics or systemic steroids or both?1. The subjects with COPD who were stable and able
to perform spirometry and six-minute walk test were enrolled according to GOLD
criteria.From 147 subjects who had normal lung functions, 108 age and gender matched
subjects were included as controls by stratified random sampling method using a computer
system.

Serumvitamin D(25-OH-Vitamin D). levels from these subjects were carried outby chemi-
immuno-luminescence assay (CLIA) method [Roche, Basel, Switzerland]. Vitamin D levels
of <20ng/ml was defined as vitamin D deficiency according to US Endocrine Society
Guidelines?2. Of this subset, 100 of the 108 subjects with COPD, and 100 of the 108
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controls were prospectivelyfollowed up and 6 monthslater had repeat spirometry and assays
for vitamin D. All participants with COPD were clinically monitored for any exacerbations.

Statistical Analysis:

Results:

Statistical analysis was performed using Epi info v7 (CDC, Atlanta, USA) and SPSS v20
(IBM Corp, Armonk, USA). Descriptive statistics included mean and standard deviation for
continuous variables and frequencies for categorical/nominal variables. T-test was used for
comparing means between continuous variables and Chi-square was used forcomparing
frequencies/percentages between categorical/nominal variables. Pearson’s correlation was
conducted to examine correlations between vitamin D levels and select variables.
Conditional logistic regression was used to examine independent association of vitamin D
levels with COPD. A sub-group analysis was conducted to identify variables independently
associated with COPD exacerbations by logistic regression. The p-value of <0.05 was
considered statistically significant.R software v3.6.3 was used forinterpolated contour plot.

The flow diagram for patient inclusion and exclusion is presented in Figure 1 and
demographic variables in Table 1. In general vitamin D levels were lower than normal
among both subjects with COPD and non-COPD controls with a range(4.73 — 29.4 ng/ml).
Seventy-one (35.5%; 95%CI 29.2-42.4) subjects hadvitamin D insufficiency (defined as
>20ng/ml and <30ng/ml?2); 129 (64.5%:; 95%CI 57.7-70.8) were vitamin D deficient
(<20ng/ml); and 12(6%) had severe vitamin D deficiency (<10ng/ml). There was no
significant difference between controlsrandomly selected to participate in this study and
those not selected in relation toage and lung function(data not shown). Pack-years of
smoking amongCOPD subjects (mean 36.6+10.9) were significantly higher (p<0.001) than
healthy controls who smoked but did not develop COPD (mean 27.1+7.1). Most subjects
were manual laborers (83%) involved in heavy work throughout their careers. Charlson’s co-
morbidity scores were low in cases and controls, without significant difference.Nearly half
the subjects in this study had standard of living index (SLI) of <20 indicating their lower
socio-economic status. COPD subjects had significantly lower BMI and 6-minute walk
distance than controls. COPD subjects had significantly lower levels of Vitamin D levels at
baseline and at 6 months follow-up. There were no significant differences between COPD
subjects with and without exacerbations except for lower Vitamin D levels and 6-minute
walk distance (Table 1) and higher dyspnea and CAT scores (Table 2).

Among COPD subjects, a direct and positive correlation between Vitamin D levels was
observed only for 6-minute walk test, but not for indicators of lung function (Figure 2).
Among healthy controls, levels of vitamin D, indicators of lung function and the distance on
6-minute walk test were not significantly correlated.Lower Vitamin D levels among COPD
subjects was significantly associated with MMRC dyspnea gradingand number of
exacerbations last yearbut not with GOLD grading of airflow limitation and SLI (Figure 3).
In the Interpolated contour plot (Figure 4), least number of exacerbations and the lower
mMRC grades were observed in subjects with higher Vitamin D levels. All the subjects with
3 or more exacerbations had Vitamin D levels below 15ng/ml.
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Conditional logistic regression to assess independent risk factors for COPD observed
significant association withsmoking, lower Vitamin D levels and lower 6-minute walk
distance. Unconditional logistic regression to assess independent risk factors for COPD
exacerbations in the previous year observed lower Vitamin D levels were significantly
associated with exacerbations (Table 3). In ROC analysis, Vitamin D cut-off level below
20.81ng/ml had the highest combined sensitivity and specificity for COPD, cut-off level
below 18.45ng/ml had the highest combined sensitivity and specificity for COPD
exacerbations.

Discussion

This study is unique as it evaluated Vitamin D levels in COPD subjects and healthy controls
fromgeneral population, most of whom (83%) have been physically active with hard manual
labor most of their life and exposed to sunlight for many hours in a day in a tropical country.
It was surprising that even the healthy population from these rural areas who had spent most
of their life exposed to sunlight working in the fields would have such low vitamin D levels,
which was reconfirmed at six months follow-up(Table 1).The subjects from MUDHRA
cohort are young compared to other populations. Possible explanation could be due to the
fact that they have multiple risk factors for developing COPD; Tobacco Smoke, Biomass
smoke exposure since childhood is coupled with occupational dust exposure (agriculture)
and poor nutrition. They also regularly use pesticides in the fields.We observed a significant
association of low Vitamin D levels with presence of COPD, severity of COPD, acute
exacerbations of COPD, mMRC dyspnea scores and 6-minute walk distance, but not with
lung function variables such as FEV1, FVC, FEV1/FVC ratios. Among healthy subjects,
there was no correlation between Vitamin D levels and any of the lung function variables.
The main associations with COPD observed in this study were smoking (positive), Vitamin
D levels (negative) and for AECOPD was Vitamin D (negative).

Low Vitamin D levels were significantly associated with COPD in our study. Several studies
have confirmed the association of COPD with low Vitamin D levels23. A meta-analysis
comparing Vitamin D levels in 3224 COPD patients and 6699 controls, from 12 studies,
most of which were from high income countries reported inverse and significant relationship
between Vitamin D deficiency andprevalent COPD (77% higher)8. The NHANES-III
observed an association between FEV1, FVC and lower Vitamin D levels®.For FEV1, there
was a 126 ml difference between the highest and the lowest quintiles of Vitamin D23,

It is suspected that lower Vitamin D in African-Americans increase their susceptibility to
COPD3. In India, Vitamin D deficiency is prevalent and may be related to the dark skin color
and poor nutrition?3.Patients with COPD are at very high risk of being Vitamin D deficient
due to a variety of reasons; aging skin is less effective in producing Vitamin D, poor
nutrition and outdoor activities, increased catabolism of Vitamin D by steroids and lower
storage capacity3. Indirect evidence explains association between Vitamin D and COPD.
The normal functioning of both innate and adaptive immunity are dependent on Vitamin D
such as maturation of dendritic cells, negative regulation of pro-inflammatory cytokines and
chemokines, maturation and development of T cells, especially Th1 cells. Vitamin D is also
linked to apoptosis and intercellular adhesion®. Increased expression of anti-microbial
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peptides such as cathelicidin and beta-defensins are important functions of Vitamin D to
maintain homeostasis?42%. Immune cells express both Vitamin D receptor (VDR) and
hydroxylase enzymeand can potentially reduce the pathogenic load of micro-organisms2>.
Vitamin D in airway epithelium helps to kill pathogens via a TLR and CD14 dependent
mechanisms26. Low Vitamin D levels can increase susceptibility to recurrent infections,
higher airway microbial colonisation, and lead to an accelerated decline in lung
functions®26, An increased airway smooth muscle and structural alterations in the lungs
including airway remodeling due to increased MMP’s, increased collagen deposition have
been reported in Vitamin D deficiency®. Vitamin D receptors(VDR) are observed to be low
in COPD lungs?’. VDR is an important nuclear hormone receptor and animal studies that
have knocked out VDR have observed lung changes similar to COPD; increased
inflammation, up-regulation of various MMP’s, early onset emphysema and decline in lung
functions?’. Polymorphisms in the VDR has been shown to affect susceptibility to COPD
acute exacerbations2°. Clinical trials with Vitamin D supplementation have shown to reduce
the risk of moderate and severe acute COPD exacerbations2.

Our study observed lower 6-minute walking distance among COPD subjects with Vitamin D
deficiency. This could be related to the effect of Vitamin D on muscles; proximal myopathy
leading to muscle weakness, gradual atrophy and loss of muscle mass has been reported in
Vitamin D deficiency?8. Studies in VDR knockout mice have confirmed the role of Vitamin
D in maintaining normal muscle fiber size2°. This observation has been seen in human
clinical studies as well and is probably related to the effect of Vitamin D on myostatin,
which negatively regulates muscle mass28. VDR polymorphisms Bsml(rs1544410) and
Fokl(rs2228570), are associated with muscle strength in COPD subjects. Higher Vitamin D
levels are associated with a higher number of type Il muscle fibers, muscle function and
physical performance, especially in the elderly23. Higher exercise capacity and carbon-
moxide transfer capacity were associated with higher Vitamin D levels25. An improvement
in muscle mass and lower limb function was seen following Vitamin D
supplementation28:30:31 byt more studies are needed for a conclusive evidence?3,

However, most of the evidence linking Vitamin D and COPD are mostly cross-sectional
association studies from high income countries’=9. A vexing and an important question for
the clinician as well as an epidemiologist is to be able to predict which smoker develops
COPD. Can smokers with low Vitamin D levels be at risk for COPD? Can it be used as a
biomarker for predicting the development of COPD? There are no prospective community
based long-term studies in young healthy smokers to evaluate whether low Vitamin D is a
risk factor for developing COPD.

We observed that low Vitamin D levels were significantly and directly correlated with acute
exacerbations of COPD with a dose-response gradient (Figure 3,c). Studies evaluating
baseline Vitamin D levels and risk of AECOPD have reported mixed results. A large
(n=973) study of mostly white subjects, 40% of whom were Vitamin D deficient and 33%
had Vitamin D insufficiency did not find an association between Vitamin D levels, COPD
exacerbation rates and time to first exacerbation over one year32. A non-significant trend
was observed in NHANES® and Norwegian?4 studies. A meta-analysis found that subjects
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with AECOPD had lower levels of Vitamin D than stable COPD, but wasnot statistically
significant®.

Another important question is whether a COPD subject receiving Vitamin D
supplementation is protected from exacerbations? A randomized placebo-controlled trial
observed no benefit of using high dose Vitamin D (1,00,0001U every 4 weeks for 1 year) to
prevent COPD acute exacerbations, except in sub-group of subjects with very severe
Vitamin D deficiency (<10ng/ml). Nearly two thirds of the study subjects had Vitamin D
deficiency (<20ng/ml), though there was a significant improvement in serum Vitamin D
levels after supplementation, there were no differences in the number of AE’s, time to first
and second AE’s, hospital admissions and death between the group that received Vitamin D
and the placebo groups33. The multicenter ViDiCO trial that used 1,20,000 IU every 2
months observed that there was a significant reduction in moderate to severe AE COPD only
in subjects who had Vitamin D deficiency but not in those without34, A meta-analysis that
included 5 studies found Vitamin Dsupplementation was beneficial”. Only one of the four
studies did not show any benefit, but it had a smaller sample and had used lower doses of
Vitamin D for shorter duration (60,000 1U/month) of6 weeks as compared to other studies
that observed a benefit, which used 100,000 to 2,40,000 1U per month for 3-12 months. The
benefits ranged from increase in inspiratory muscle strength, improved maximal oxygen
uptake, reduced AE COPD and improved FEV1.

We observed significantly lower Vitamin D levels for very severe COPD as compared to
other sub-groups of COPD severity (Figure 3,a). Lower levels of Vitamin D may be
associated with higher COPD severity classified according to GOLD guidelines. We should
also consider the possibility of reverse causality since those with severe COPD may not be
physically active outdoors. A meta-analysis observed that subjects with severe and very
severe COPD had lower Vitamin D levels than subjects with mild and moderate COPDS.
Low Vitamin D levels can worsen COPD severity by increasing the risk for frequent
respiratory infections, poor immune response to various pathogens and increasing
proliferation of airway smooth muscles’. A meta-analysis of 18 studies’ observed a
significantly lower levels of Vitamin D in moderate COPD compared to mild COPD (pooled
RR 0.72; 95% C1:0.63-0.82) and lower in severe COPD as compared to moderate COPD
(pooled RR 0.74; 95% CI: 0.56-0.98). COPD subjects had greater than two times (OR 2.32)
risk of being Vitamin D deficient after adjusting for other confounding factors23. In a cohort
from Norway, subjects with severe Vitamin D deficiency had a larger decline in FEV1
compared to those without severe Vitamin D deficiency. The ECLIPSE study observed
correlations between Vitamin D levels and FEV1, 6-minute walk distance, bronchodilator
response and emphysema score on CT scan23,

Our study had several strengths. This was a community-based study in the MUDHRA cohort
that has been in follow-up for ten years. Vitamin D levels were assessed twice in six months
to confirm that the Vitamin D levels remained stable over time and were reproducible. The
main limitation of the study is that we have not assessed the reasons for low Vitamin D
levels among people who are highly physically active and exposed to sunlight for many
hours in a day for most of their lives. We speculate that poor nutrition mostly due to poverty
could be a reason, but this needs to be confirmed in future studies. The other limitations
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include the possibilities of information bias as the exposures have not been objectively
measured but obtained mostly by recall. Most of the COPD subjects were men and due to
the low number of women in the study, the study findings may not be generalizable to
women, and we were unable to conduct difference between sexes.

In conclusion, we observed a strong relationship of low Vitamin D levels with higher rates
of COPD, COPD severity and acute exacerbations of COPD in this rural population exposed
to sunlight throughout their lives and involved in hard labour. There is a need to perform
longitudinal studies to test whether young healthy subjects exposed to risk factors such as
smoking or biomass fuel exposure with low Vitamin D levels would indeed have a higher
risk of developing COPD and whether Vitamin D supplementation in these subjects would
prevent or at least delay the development of COPD. Only then, the issue of whether low
Vitamin D levels are causative or just an association (due to poor physical activity and poor
nutrition which is common in subjects with COPD) can be conclusively resolved.
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Figure 1:
Flow chart showing the subject enrolment to the study.
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Figure 2:

1007
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Scatter plots showing (A) Forced Expiratory Volume in 1 second % Predicted (FEV1 %),
(B)Forced Vital Capacity % Predicted (FVC %), (C) FEV1/FVC Ratio and (D) six minute
walk distance % Predicted (SMWD%), plottedagainst levels of vitamin D for Non COPDand

COPD subjects.

(Non COPDsubjects are denoted Ify) symbol and dotted trend line. COPD subjects are
denoted byasymboland solid trend line. PlotA: Non COPD r-0.04, p0.68, COPDr0.12,
p0.24; PlotB: Non COPD r-0.16, p0.12, COPDr0.8, p0.46; PlotC: Non COPD r-0.1, p0.32,
COPDr0.14 p0.18; PlotD: Non COPD r0.09, p0.38, COPD r0.36, p<0.001).

Clin Respir J. Author manuscript; available in PMC 2022 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Lokesh et al.

Vitamin D, ng/mL

Vitamin D, ng/mL

w
3

N
9

N
o

o
q

o
bl

(5]
|

" po0.46

T T T T
Mild Moderat Severe VerySev

GOLD Grading of Airway Obstruction

T p <0.001

No of Exacerbations

Figure 3:

Vitamin D, ng/mL

Vitamin D, ng/mL

Page 13
307 T p <0.001
257 T
20— H
15— H
10 -
5— 4
T T T T
0 1 2 3
MMRC Dyspnoea Grading
30
p 0.24

257 —‘7
20
15
10—

-

<£o >=20
Standard of Living Index (SLI)

Box plot showing the levels of vitamin D among COPD subjects grouped according to (A)
GOLD grading, (B) MMRC dyspnoea grading, (C) number of exacerbations and (D)

Standard of living index (SLI)

Clin Respir J. Author manuscript; available in PMC 2022 April 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Lokesh et al.

mMMRC grade

Page 14

Exacerbation

Figure 4:
Contour Plot: The axes are those used in the allocation rule: Vitamin D levels, mMMRC and

COPD exacerbations. The colour in the right side bar in the graph indicates Vitamin D
levels. All the subjects with 3 or more exacerbations had Vitamin D levels below 15ng/ml.
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