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Abstract

Introduction: Age and vitamin D levels may affect symptom burden in chronic obstructive pulmonary disease
(COPD). We used the Subpopulations and Intermediate Outcome Measures in COPD Study (SPIROMICS) to
determine independent associations between vitamin D levels and COPD symptoms in different age strata.
Methods: Serum 25-hydroxy (OH)-vitamin D levels were modeled continuously and categorically (<20ng/ml
versus >20ng/ml). Stratifying by age group (middle-age: 40-64 years old and older: >65 years old), multivariable
modeling was performed to identify relationships between 25-OH-vitamin D levels and the COPD Assessment
Test (CAT), the modified Medical Research Council score (mMRC), the St George’s Respiratory Questionnaire
(SGRQ) total and subdomain scores, the Veterans’ Specific Activity Questionnaire, and the 6-minute walk test
distance.

Results: In the middle-aged group, each 5ng/ml higher 25-OH-vitamin D level was independently associated
with more favorable CAT score (-0.35[-0.67 to -0.03], P=0.03), total SGRQ (-0.91[-1.65 to -0.17]; P=0.02), and the
SGRQ subdomains (Symptoms:-1.07[-1.96 to -0.18], P=0.02; Impact: -0.77[-1.53 to -0.003], P=0.049; Activity:
-1.07[-1.96 to -0.18], P=0.02). These associations persisted after the addition of comorbidity score, reported
vitamin D supplementation, outdoor time, or season of blood draw to models. No associations were observed
between 25-OH-vitamin D levels and symptom scores in the older age group.

Discussion: When controlled for clinically relevant covariates, higher 25-OH-vitamin D levels are associated
with more favorable respiratory-specific symptoms and quality-of-life assessments in middle-age but not older
COPD individuals. Study of the role of vitamin D supplementation in the symptom burden of younger COPD
patients is needed.
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clinically important difference, MCID; Veteran’s Specific Activity Questionnaire, VSAQ
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Introduction

Chronic obstructive pulmonary disease (COPD) is
defined as obstruction on spirometry, the presence
of clinical risk factors, and symptoms consistent with

COPD diagnosis.l’2 Assessment of COPD symptoms
is an essential part of the COPD treatment algorithm®
and a clinical endpoint for drug investigation.*”
COPD symptoms lead to more missed days of
work, unemployment, use of health care resources,
and financial difficulties.® Previous studies have
shown middle-aged (aged 45-65) persons have
worse symptom scores than older (>65 years-old)
counterparts independent of common medical
and psychological comorbidities.’ Middle-aged
COPD patients may be affected by lower symptom
tolerance,!© greater perception of and discomfort
from increasing ventilatory loads,!! increased
prevalence of depression,'? and/or poorer access
to medical care due to lack of medical insurance.'®
Comorbidities play an important role in the quality
of life of patients with COPD and are associated
with worse reported symptoms.!* Also, younger
persons with alpha-1 proteinase inhibitor deficiency
and concomitant COPD were described as having
higher rates of depression and poorer quality-of-life
scores.? Younger patients with poorer health status
and vitamin D deficiency have been described in
other chronic conditions.'®'1© To this end, we believe
that younger persons with COPD are a population
with differential disease expression and identifying
risk factors for increased symptoms in this population
is potentially beneficial to the approach of younger
persons with COPD and/or those with “early”
copp.”

Vitamin D deficiency is present in 40%-70% of
COPD patients'®!? and is of particular interest
due to the potential effects of vitamin D on muscle
strength and physical performance,?® as well as
exacerbations?! and lung function decline.??
Higher 25-hydroxy (OH)-vitamin D levels have
been associated with improved COPD quality-
of-life metrics in a small study.QO However, there
was no improvement in Chronic Respiratory
Disease Questionnaire (CRQ) with vitamin D
supplementation in a randomized controlled trial.?
Other studies describe poorer mobility and gait in
vitamin D deficient persons,?® which may potentially
be manifested in symptom scores in younger persons



with COPD. Response to pulmonary rehabilitation is
also thought to be blunted in those with low 25-OH-
vitamin D levels.?* The 25-OH-Vitamin D levels
may reflect overall poor health status associated
with global functional decline in COPD.?° In COPD,
lower 25-OH-vitamin D levels present a modifiable
risk factor that may be associated with increased
symptom burden, potentially more impactful in
middle-aged persons with COPD.? However, to date
the association between age, 25-OH-vitamin D
levels, and reported COPD symptoms has not been
described in the literature.

We have previously shown that 25-OH-vitamin
D levels are associated with poor lung function
and COPD exacerbation outcomes.?? The analysis
presented here extends the exploration of vitamin D in
COPD through an evaluation of vitamin D levels and
symptoms across age groups, previously unexplored
in this well-defined, multicenter COPD cohort. By
leveraging the detailed demographic, clinical, and
symptoms data from the multicenter, prospective
Subpopulations and Intermediate Outcome Measures
in COPD Study (SPIROMICS),?® we characterize
the independent associations between younger
age, 25-OH-vitamin D deficiency, and pulmonary
symptoms in persons with COPD. We hypothesize
that lower 25-OH-vitamin D levels will be associated
with a worse symptoms profile in a young COPD
cohort, independent of other comorbidities.

Methods

Study Participants

SPIROMICS is a multicenter, observational,
prospective, cohort study including participants who
are current or former smokers (>20 pack years) and
nonsmoking controls, with or without chronic airflow
obstruction, between the ages of 40-80 (n=2974)
at recruitment from 2011-2016.%° The analytical
cohort includes SPIROMICS participants with
spirometry confirmed COPD (post-bronchodilator
forced expiratory volume in 1 second to forced
vital capacity [FEV1/FVC]<0.70), available clinical
data, and serum vitamin D measurements (N=1621)
(Figure 1). Institutional review boards at each center
approved SPIROMICS and all participants provided
informed, written consent.

Figure 1. Consort Diagram Showing
Participant Selection Process

2974 SPIROMICS participants

202 Non-smokers
941 Smokers without COPD

v

1831 SPIROMICS participants
with COPD

210 Participants without vitamin D
measurements

1621 Participants in
analytical cohort

Data Collection

Demographic data, past medical history, smoking
status (current versus former), smoking history (pack
years), body mass index (BMI), and participant-
reported vitamin D supplementation or multivitamin
usage were collected at enrollment (baseline).
Participantswhoreported any type of supplementation
that contained vitamin D (e.g,, vitamin D, multivitamin
with D) were abstracted as reporting vitamin D
supplementation. Individuals who reported other
forms of supplements without mention of vitamin D
(e.g, vitamin use, multivitamin) were not recorded
as taking vitamin D supplementation. The dose,
frequency, and compliance with supplement was
determined. Pre- and post-bronchodilator spirometry
was performed in accordance with the American
Thoracic  Society (ATS)-European Respiratory
Society guidelines®” for the measurement of FEV,
and FVC. The 6-minute walk test (6MWT) conducted
in accordance with ATS criteria was completed at
the time of enrollment. Frequent exacerbation was
defined as 2-or-more reported total exacerbations
(any worsening of COPD symptoms requiring
therapy and/or unscheduled health care encounters)
in the year prior to enrollment. Serum 25-OH-
vitamin D levels were measured from stored samples
of SPIROMICS participants with an FEV,/FVC<0.70
which were collected at the baseline visit using
radioimmunoassay (iDS, Enzyme Immunoassay;



intra-assay coefficient of variance: 8.14%, limit of
blank: 1.8ng/ml and limit of detection: 3.7ng/ml) as
described previously.2?

Participant-report outcomes collected at enrollment
and incorporated in this analysis include: (1) modified
Medical Research Council (mMRC) score (on a
0-4 scale with higher values representing worse
breathlessness),?® (2) COPD Assessment Test ([CAT]
on a 0-40 scale with higher scores representing
worse COPD symptoms with suggested minimal
clinically important difference [MCID] of 2),2° and
(3) SGRQ (on a 0-100 scale over 3 subdomains
[symptoms, activity, impact] with higher scores
representing worse COPD symptoms with a 4-point
decrement [range between 2-8] generally thought
to be MCID).3%3! The Veteran’s Specific Activity
Questionnaire ([VSAQ] on a 1-13 scale with higher
scores correlating to better patient-reported aerobic
capacity) and 6MWT (measured in meters ambulated
in 6 minutes) were used to approximate physical
functioning of participants.®?

Statistical Methods
Descriptive statistics were used to determine the
proportion of middle-aged (<65 years-old) versus
older (265 years-old) participants in the cohort as
well as distribution of 25-OH-vitamin D within the
cohort. For analyses, vitamin D levels (exposure)
were modeled continuously (per 5ng/ml) and
dichotomously as sufficient (>20ng/ml) versus
deficient (<20ng/ml). Two-sample t-test or Mann-
Whitney U tests for continuous variables (depending
on skew of data) or chi-squared tests (for categorical
variables) were performed to compare demographic,
clinical factors, and symptom scores associated with
age group and 25-OH-vitamin D sufficiency. Similar
bivariate methods were used to identify differences
between middle-aged and older participants as
performed by Martinez et al.” Spearman’s correlation
was used to determine the relationship between
symptoms and vitamin D levels modeled continuously.
The mMRC, CAT, SGRQ total and subdomains scores,
and VSAQ outcomes were analyzed as continuous
scores in linear regression. The 6MWT distance was
modeled continuously as meters walked. Covariates
were based on a conceptual framework®3 and included
age, race, sex, current smoking, pack years smoked,
BMI, and FEV..

Differential outcomes on patient-reported symptom

tools in the SPIROMICS cohort between the older
and middle-aged have been previously noted.® Based
on this finding, we performed multivariable linear
analyses stratified by these 2 age groups. Covariates
included sex, race, current smoking, pack years
smoked, BMI, and FEV1. As previously described, a
score for physical and psychological comorbidities,'*
to assess vitamin D deficiency associations
independent of comorbid disease, was added in a
separate analysis to determine if 25-OH vitamin D
levels were associated with poor symptom scores
independent of other comorbidities. The comorbidity
score is a total count of COPD-related comorbidities
(scorerange 0-10). Sensitivity analyses of statistically
significant multivariable models were performed with
addition of season of blood draw, use of vitamin D or
multivitamin supplementation combined to create a
vitamin D use variable, patient-reported per-day time
spent outdoors in the year prior to enrollment, and
geographic site of blood draw. We also performed the
above analyses with the removal of those on vitamin
D supplementation (n=180 removed), modeling lung
function as FEV1 % predicted (race and sex removed
frommodelstoavoidcollinearity),andasaninteraction
term between vitamin D sufficiency and age. As the
relationship between vitamin D metabolism and race
is differential 3* we also subdivided the middle-aged
cohort by race and presented the associations with
25-OH-vitamin D and respiratory symptoms. For
all comparisons, P<0.05 was considered significant.
Statistical analysis was performed using STATA 15.1
(STATA Corp, College Station, Texas).

Results

Description of Cohort

Of the 1621 participants, 995 (59%) were aged 65
years or older (Table 1). The median age in the entire
cohort was 66 years-old (Q1-Q3, 60-71 years-old). In
the entire cohort, 42% were female and 14% reported
Black race. There were 33% current smokers and a
median of 46 pack years smoked (Q1-Q3, 35-62 pack
years). A total of 14% of the cohort reported 2 or more
COPD exacerbations in the year prior to enrollment
and 24% of the cohort reported chronic bronchitis.
The mean 25-OH-vitamin D level was 30.0 (standard
deviation [SD] 12.4), median 28.9 (Q1-Q3, 21.3-
36.5), and levels ranged from minimum of 6.59ng/ml
to maximum of 106ng/ml (Figure 2). A total of



Table 1. Cohort Characteristics of SPIROMICS Participants Included in

this Analysis Stratified by Age®

Overall Middle Aged Older P-value
(<65 years old) (265 years old)
1621 666 955

Age, years 66 (60-71) 58 (54-62) 70 (67-74) <0.001
Black race 226 (13.9) 152 (22.8) 74 (7.8) <0.001
Female sex 680 (42.0) 298 (44.7) 382 (40.0) 0.06
BMI, kg/m? 27.5 (5.3 27.6 (6.0) 27.5(5.1) 0.73
Current Smoker 532 (33.4) 327 (50.2) 205 (21.8) <0.001
Pack Years Smoked 46 (35-62) 42 (33-57) 50 (38-68) <0.001
FEVi, L 1.64 (1.15-2.28) 1.67 (1.09-2.30) 1.61 (1.17-2.24) 0.72
FEV1, %predicted 61 (44-78) 57 (38-74) 64 (46-80) <0.001
FVC, L 3.27 (2.55-4.09) 3.30 (2.59-4.13) 3.23 (2.51-4.05) 0.10
FVC, %predicted 89 (75-102) 86.3 (72.2-99.0) 90.4 (77.2-104.4) <0.001
2+ Exacerbations in Prior Year 225 (14.1) 127 (19.3) 98 (10.4) <0.001
Chronic Bronchitis 378 (24.0) 205 (31.4) 173 (18.9) <0.001
Serum Vitamin D, ng/ml 28.9 (21.3-36.5) 25.6 (18.4-33.6) 30.8 (23.6-38.2) <0.001
Vitamin D Supplementation 180 (11.1) 57 (8.56) 123 (12.9) 0.01
Outdoor Time, hrs/day 3 (2-5) 4 (1-6) 3 (2-5) 0.001
Baseline Comorbidities

Congestive Heart Failure 47 (2.93) 11 (1.67) 36 (3.81) 0.01

Coronary Artery Disease 174 (10.9) 42 (6.39) 132 (14.0) <0.001

Diabetes 227 (14.2) 83 (12.6) 144 (15.2) 0.14

History of Stroke 70 (4.36) 28 (4.206) 42 (4.44) 0.86

Sleep Apnea 304 (19.9) 125 (20.1) 179 (19.7) 0.83
Total Comorbidities 2(1-4) 2(1-4) 2 (1-3) 0.40
Average Time Spent Outdoors in 3.0 (2.0-5.3) 3.5(2.0-5.6) 3.0 (2.0-5.0) 0.001
Year Prior, hours per day
6-minute Walk Test

Total distance 392 (127) 400 (137) 387 (120) 0.04

% predicted 79.8 (28.6) 77.2 (29.6) 81.6 (27.6) 0.003

Hypoxemia 39 (2.52) 19 (3.00) 20 (2.19) 0.32
CAT

Total Score 15 (0-21) 18 (12-24) 13 (8-19) <0.001

>10 1121 (72.9) 532 (83.3) 595 (65.5) <0.001
mMRC

Total 1(1-2) 1(1-2) 1(0-2) <0.001

22 513 (31.9) 271 (41.1) 242 (25.6) <0.001
SGRQ

Total 37.3 (22.1-51.6) 44.1 (30.4-59.7) 31.4 (18.5-44.6) <0.001

Symptoms 52.5 (34.5-69.7) 62.0 (45.7-78.5) 46.5 (28.4-62.9) <0.001

Impact 21.7 9.71-37.1) 30.3 (15.4-46.6) 16.2 (7.47-30.2) <0.001

Activity 52.3 (32.9-67.7) 59.5 (39.6-79.7) 46.0 (26.6-65.2) <0.001
VSAQ 4 (3-7) 4 (2-6) 5(3-7) <0.001

aPresented as frequency with percentage for count variables or mean (standard deviation) or median (Q1-Q3) for continuous variables

depending on skew.

BMI =body mass index; FEVi=forced expiratory volume in 1 second; FVC=forced vital capacity; CAT=COPD Assessment Test; mMRC=modified
Medical Research Council dyspnea scale; SGRQ=St George’s Respiratory Questionnaire; VSA =Veteran’s Specific Activity Questionnaire



11% of participants reported either taking vitamin
supplementation or a multivitamin. The median
comorbidity score in the entire cohort was 2 (Q1-Q3,
1-4). The average reported outdoor time in the year
prior to enrollment was 3 hours/day (Q1-Q3, 2-5.3
hours/day). In the total cohort, median mMRC score
was 1 (Q1-Q3, 1-2), the median CAT score was 15
(Q1-Q3, 9-21), and median SGRQ total score was
37.3 (Q1-Q3, 22.1-51.6). The mean 6MWT distance
was 392 meters (SD 127 meters) with a median VSAQ
score of 4 (Q1-Q3, 3-7).

Older participants were less likely to be Black
(8% versus 23%, P<0.001), less likely to be current
smokers (22% versus 50%, P<0.001), but reported
higher pack years smoked (50 pack years versus 42
pack years, P<0.001). Older participants were less
likely to report symptoms of chronic bronchitis (19%
versus 31%, P<0.001) and to have had 2-or-more
exacerbations in the year prior to enrollment (10%
versus 19%, P<0.001). The 25-OH-Vitamin D levels
were significantly higher in the older participants
(30.8ng/ml versus 25.6ng/ml, P<0.001). The older
group was more likely to report some form of vitamin
D supplementation or multivitamin use (13% versus
9%, P=0.01). Comparing middle-aged to older
participants, there was no difference in season of
sample draw (P=0.32) or total comorbidity score (2
versus 2, P=0.40). The older age group spent fewer
hours-per-day outdoors than the middle-aged group
(3 hrs/day versus 3.5 hrs/day, P=0.001). The older

Figure 2. Histogram Showing the
Distribution of 25-OH-Vitamin D
Levels in the Total Cohort
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age group had a lower (better) median CAT score (13
versus 18, P<0.001), similar median mMRC but more
favorable score distribution (median 1; [Q1-Q3, 0-2]
versus [Q1-Q3, 1-2], P<0.0010), and a lower (better)
total SGRQ score (31.4 versus 44.1, P<0.001). The
older age group had a higher (better) VSAQ score (5
versus 4, P<0.001) while the middle-aged group had
a longer average 6MWT distance (400 m versus 387
m, P=0.04).

Continuous Vitamin D Serum Levels and
Symptoms

Across the entire cohort, Spearman’s correlation
showed a statistically significant correlation between
better symptom scores and higher 25-OH-vitamin D
levels: CAT score (r=-0.138), mMRC (r=-0.103), total
SGRQ (r= -0.179), SGRQ subdomains (Symptoms
r= -0.134; Impact r= -0.174; Activity r= -0.158), and
VSAQ (r= 0.120) (P<0.001 for all comparisons).

In the total cohort, using multivariable linear
regression adjusting for age, race, sex, smoking
status, smoking history, FEVi, and BMI, a 5ng/ml
higher 25-OH-vitamin D level was associated with a
0.41 lower (better) total SGRQ score (95% CI -0.79
to -0.04; P=0.03) (Table 2). A 5ng/ml higher 25-OH
vitamin D level was also associated with significantly
more favorable scores for the SGRQ Impact (-0.40
[95% CI -0.77 to -0.02], P=0.04) and Activity (-0.52
[95% CI-0.99 to -0.05], P=0.03) subdomains. Further,
in the total cohort, every 5ng/ml higher level of
25-OH-vitamin D was associated with a statistically
better VSAQ (0.06 [95% CI 0.002 to 0.11]; P=0.04);
however, there is no MCID reported for VSAQ
in COPD patients. A single unit VSAQ increase
represents an approximate 3.5 ml/kg/min increase
in oxygen consumption, and due to the magnitude of
this point estimate, while statistically significant, is
likely clinically negligible.>® Higher 25-OH-vitamin
D levels were not associated with changes in CAT
score, mMRC, SGRQ Symptoms subdomain score, or
6MWT distance. Modeling using linear spline knots
at clinical thresholds (e.g, 10ng/ml, 20ng/ml, and
30ng/ml of 25-OH-vitamin) did not identify any
inflection points representing statistical differences
above and below that threshold.

When stratifying the cohort into middle-aged and
older participants, after adjustment for race, sex,
current smoking, pack years smoked, BMI,and FEV4,in
the middle-aged group, every 5ng/ml higher 25-OH-



vitamin D level was associated with a significantly
lower total SGRQ (-0.91 [95% CI -1.65 to -0.17];
P=0.02), and SGRQ subdomains of Symptoms (-1.07
[95% CI -1.96 to -0.18]; P=0.02), Impact (-0.77 [95%
CI -1.53 to -0.003]; P=0.049), and Activity (-1.07
[95% CI -1.96 to -0.19]; P=0.02) (Table 2). There
was also an association with better CAT score (-0.35
[95% CI -0.67 to -0.03]; P=0.03). The mMRC, VSAQ,
and 6MWT distance were not significantly associated
with vitamin D levels in the middle-age group. The
only significant association observed in the older
age group was the SGRQ Impact score (-0.42 [95%
CT -0.83 to -0.0001]; P=0.049). Predicted scores for
CAT and SGRQ stratified by age based on 25-OH-
vitamin D level are shown in Figure 3 and Figure 4,
respectively.

Impact of Comorbidity Score on Vitamin D
Level-Symptoms Associations

Several factors that could impact vitamin D levels
and symptom relationships were considered. Older
participants had more frequent coronary artery

disease (14% versus 6%; P<0.001) and congestive
heart failure (4% versus 2%; P=0.01), but not other
comorbidities or total comorbidity count (Table
1). Comorbidity score was added to the continuous
25-OH-vitamin D multivariable models described
previously. In the overall cohort, significant
associations were not attenuated (Supplementary
Table 1 in the online supplement) when comorbidity
score was added to the models. When stratifying by
age, CAT (-0.39 [95% CI -0.70 to -0.07]; P=0.02) and
SGRQ total (-0.99 [95% CI -1.70 to -0.29]; P-0.02)
remained statistically significant in the middle-aged
cohort after adjustment for comorbidity. Inclusion of
comorbidity score did not attenuate the relationships
between SGRQ subdomains and continuous 25-OH-
vitamin D in middle-aged participants.

Sensitivity Analysis

Season of blood draw, participant-reported use of
vitamin D or a multivitamin, and total participant-
reported outdoor time were added to the above
statistically significant age-stratified multivariable

Table 2. Multivariable Associations Displaying Mean Difference in Scores
per 5 ng/ml Increase in Vitamin D in Overall Cohort® and Stratified by Age®

Overall Middle Aged Older
Mean Difference  P-value Mean Difference  P-value Mean Difference  P-value
(95% ClI) (95% ClI) (95% CI)

CAT -0.09 0.28 -0.35 0.03 -0.05 0.65
(-0.26 to 0.08) (-0.67 to -0.03) (-0.24 t0 0.15)

mMRC -0.01 0.32 -0.01 0.63 -0.014 0.22
(-0.03 to 0.01) (-0.05 to 0.03) (-0.037 to 0.01)

SGRQ Total -0.41 0.029 -0.91 0.02 -0.39 0.08
(-0.79 to -0.04) (-1.65to -0.17) (-0.82 t0 0.04)

SGRQ Symptom -0.31 0.23 -1.07 0.02 -0.12 0.72
(-0.82 to 0.20) (-1.96 to -0.18) (-0.74 t0 0.51)

SGRQ Impact -0.40 0.04 -0.77 0.049 -0.42 0.05
(-0.77 t0 -0.02) (-1.53 to -0.003) (-0.83 to -0.0001)

SGRQ Activity -0.52 0.03 -1.07 0.02 -0.47 0.09
(-0.99 to -0.05) (-1.96 to -0.19) (-1.02 to 0.08)

6MWT, m 1.08 0.40 1.15 0.66 1.04 0.47
(-1.44 to 3.61) (-3.94 t0 6.24) (-1.76 to 3.85)

VSAQ 0.06 0.044 0.07 0.14 0.05 0.09
(0.002 to 0.11) (-0.03t0 0.17) (-0.008 to 0.12)

2Adjusted for age, race, sex, current smoking, pack years smoked, FEV1, and BMI
bAdjusted for race, sex, current smoking, pack years smoked, FEV1, and BMI

CAT=COPD Assessment Test; mMRC=modified Medical Research Council dyspnea scale; SGRQ=St George’s Respiratory Questionnaire;

6MWT=6-minute walk test; VSAQ=Veteran’s Specific Activity Questionnaire



Figure 3. Predicted Values from COPD
Assessment Test Score Among Middle-
aged (<65 years)? and Older-aged

(=65 years)® Participants®
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Figure 4. Predicted Values from Total

St George’s Respiratory Questionnaire
Score Among Middle-aged (<65 years)?
and Older-aged (265 years)® Participants®
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models (Supplementary Table 2 in the online
supplement). Only the SGRQ Impact score
relationship was attenuated in the middle-age group
(-0.72 [95% CI -1.54 to 0.03], P=0.06) when the
season of blood draw was added. The addition of study
site (as an adjustment for latitude) did not attenuate
independent associations between 25-OH-vitamin
D levels and symptom scores in the middle-aged
cohort. Further, when 25-OH-vitmain D levels in the
entire cohort were stratified into <10ng/ml, 10-20ng/
ml, 20-30ng/ml, and >30ng/ml, the median SGRQ
Total values were 56 versus 42 versus 37 versus 33
(analysis of variance P=0.03). Due to the relatively low
number of participants with 25-OH-vitamin D levels
<10ng/ml we were unable to evaluate for statistical
relationships in multivariable analysis.

Alternative Modeling of Age, Vitamin D, and
Symptoms

We examined the relationship between age, vitamin
D levels, and symptoms by alternative approaches.
The relationship between 25-OH-vitamin D and
symptoms in the middle-aged cohort was attenuated
when an interaction term for middle-age and 25-OH-
vitamin D levels was added. For the interaction term
among those who were classified as middle-aged and
with 25-OH-vitamin D levels <20ng/ml: CAT (-0.17
[95% CI -0.47 to 0.14]; P=0.29) and SGRQ Total
(-0.39 [95% CI (-1.10 to 0.32); P=0.29]). Modeling
lung function by %predicted FEV: did not attenuate
relationships between 5ng/ml increases in 25-OH-
vitamin D and CAT or SGRQ total in the whole cohort.
Further, when those receiving some form of vitamin
D supplementation were removed from the cohort the
relationship with CAT score was not attenuated and
there was a notable increase in the change per 5ng/ml
25-OH-vitamin D increase and SGRQ Total score
(-1.05 [95% CI -1.43 to -0.67]; P<0.001). In the age-
stratified cohort, when excluding those who reported
some form of vitamin D supplementation, CAT
(-0.30 [95% CI -0.59 to -0.03]; P=0.034) and SGRQ
Total (-0.92 [95% CI -1.58 to -0.26]; P=0.006) had a
continued statistically significant improvement with
every 5ng/ml increase in 25-OH-vitamin D.

The Relationship Between 25-Hydroxy
Vitamin D, Middle Age, and Race

Given the increased prevalence of Black race in
the middle-aged cohort, we have subdivided the



middle-aged cohort by race and have assessed the
independent associations between a 5ng/ml increase
in 25-OH-vitamin D and respiratory symptoms
when controlled for sex, current smoking, pack years
smoked, and absolute FEV1. In White (-0.40 [95% CI
-0.69 to -0.12]; P=0.006) but not Black (-0.10 [95%
CI -0.78 to 0.57]; P=0.77) participants there was an
association with a 5Sng/ml increase in 25-OH-vitamin
D and CAT score. For SGRQ Total, White (-1.10 [95%
CI -1.80 to -0.40]; P=0.002) but not Black (-0.54
[95% CI -1.96 to 0.88]; P=0.45) participants had a
significant association between increases in 25-OH-
vitamin D by 5ng/ml and more favorable scores.

Vitamin D Sufficiency and Symptoms

In this cohort of 1621 participants, 1282 (79%)
were vitamin D sufficient (vitamin D >20ng/ml)
(Supplementary Table 3 in the online supplement).
Vitamin D sufficient participants were more likely
to be older (67 years versus 62 years; P<0.001),
less likely to be Black (10% versus 29%; P<0.001),
less likely to be current smokers (29% versus 48%;
P<0.001), and more likely to report vitamin D
supplementation (12% versus 6%; P=0.001). Vitamin
D sufficient participants had higher FEV: and FVC.
Vitamin D sufficient participants had more favorable
CAT scores (14 versus 17; P<0.001), SGRQ totals
(34.8 versus 42.9; P<0.001), and VSAQ scores (5
versus 4; P<0.001).

In the overall cohort, after controlling for age, race,
sex, BMI, FEV;, current smoking, and pack years in
multivariable modelling, 25-OH-vitamin D level
>20ng/ml was not associated with more favorable
CAT scores, mMRC, total SGRQ and subdomains,
VSAQ score, or 6MWT distance (Supplementary
Table 4 in the online supplement). Further, there
were no multivariable associations between vitamin
D sufficiency and symptom outcomes observed when
stratified by age.

Discussion

In this analysis of 1621 SPIROMICS participants,
higher vitamin D levels when modeled continuously
were associated with better CAT scores, SGRQ total,
and SGRQ subdomain scores in middle-aged but
not older age groups. These associations persisted
after accounting for comorbidity burden. In the
middle-aged group, an approximate 20ng/ml higher

vitamin D level was associated with a minimal
clinically meaningful difference in total SGRQ (4
units). Further, associations were not attenuated by
the addition of vitamin D supplementation, outdoor
time, and season of blood draw. In addition, when
the middle-aged subgroup was further divided by
race, the association between symptoms and vitamin
D levels was restricted to non-Black participants,
informing the need to explore the role of vitamin D in
pulmonary health across demographic groups. These
findings suggest that lower vitamin D levels may
have a meaningful association with worse symptom
scores in middle-aged COPD patients. However,
based on current Global initiative for chronic
Obstructive Lung Disease (GOLD) guidelines,3®
vitamin D supplementation can be considered in
deficient persons of all age groups to prevent poor
COPD outcomes.

Associations between vitamin D levels and
subjective symptoms may reflect overall poor health
and/or effect of vitamin D on the musculoskeletal
system.>” COPD patients with sufficient vitamin D
levels show better muscle strength,?%3® and may
accrue greater benefit from pulmonary rehabilitation.
Vitamin D deficiency at enrollment in pulmonary
rehabilitation is associated with poor health
status and increased dropout.?* The median age
of participants in these studies tended to be in
the late-60s. Other studies have not described an
increase in physical performance with improvement
of nutritional status in muscle-wasted COPD
patients.®® Also, vitamin D supplementation has
not been shown to improve CRQ scores in 1 study.®
Participants in these studies also had a median age
in the 60s. Our study adds to the body of literature
by describing associations in a well-defined
cohort and illustrating the potential importance
of relatively young-aged COPD individuals in the
vitamin D-symptoms relationship. The mechanism
driving the relationship between vitamin D levels
and worse symptoms remains to be determined.
Further studies evaluating the role of persons
with very deficient vitamin D levels (<10ng/ml)
and studies enriched to specifically determine
associations in racially diverse groups, may be
warranted to further understand this relationship.

Differential COPD symptom burden between
age groups was observed in a prior SPIROMICS
analysis.” The relationships were independent of



physical function and comorbidities. A separate
cohort study further suggests that those developing
COPD at a younger age have worse psychological
and reported well-being outcomes.!? The response
of symptoms and physical performance to vitamin D
supplementation in middle-aged COPD participants
is not well-studied. However, studies of vitamin D
supplementation in younger participants with other
chronic diseases have been performed. A cohort
of participants (mean age 64) with osteoarthritis
and an average increase in 25-OH-vitamin D from
20ng/ml to 32ng/ml with supplementation showed
an improvement in health-related quality of life and
grip strength.'® Further, supplementation in younger
versus older volunteers with Parkinson’s Disease
(raising serum levels by an average 30ng/ml) hasbeen
associated with significantly better balance scores.!®
COPD studies with older participants have not shown
supplementation to be beneficial to symptom scores.®
These findings, combined with observations, suggest
that low vitamin D levels may be of particular concern
in younger persons with COPD. The role of the aging
process, including cognitive decline*® and lack of
response to bronchodilators with age,*! may make
the factors driving increased symptom perception in
older persons different from younger persons. Also,
there may be a “survivor” effect in the cohort, where
the older group has more stable disease that has
allowed for a longer life. The associations between
the middle-age group, vitamin D levels, and COPD
symptoms may describe a phenotype of younger,
more symptomatic COPD patients who potentially
represent a target for further intervention trials of
the impact of vitamin D supplementation on COPD
symptoms.

Independent associations between vitamin D levels
and symptom scores persist when controlled for a
validated comorbidity score.!* Comorbid conditions
increase morbidity and mortality in COPD.!#42-46
We observe that the association between serum
vitamin D and symptom scores is independent of
comorbidity burden. This finding suggests low serum
vitamin D levels may represent a distinctly important
comorbidity along with the other known long-term
health issues that interface with the COPD disease
state. Vitamin D metabolites may have a potential
relationship with certain immune processes?’™*°
and 25-OH-vitamin D deficiency is associated with
decreased musculoskeletal performance,?3:2%:37:50

illustrating a potentially multifaceted mechanism
by which vitamin D deficiency negatively affects
persons with COPD. Deficiency of 25-OH-vitamin D
has been hypothesized to promote chronic bronchitis.
A study in the COPD Genetic Epidemiology cohort
described similar improvement in symptom scores
with increasing 25-OH-vitamin D levels and also a
higher prevalence of radiographic findings associated
with chronic bronchitis.®! However, a previous study
conducted by our group?? did not find radiographic
differences between those with 25-OH-Vitamin D
levels >20 and <20. Further study incorporating
vitamin D supplementation, measurement of
muscular mass and function, markers of inflammation,
and longitudinal outcomes could further define
vitamin D deficiency as an important and modifiable
comorbidity in COPD or if lower levels are simply a
marker of poorer health status.

Associations between 25-OH-vitamin D and
symptoms in the middle-aged group are seen when
25-OH-vitamin D is modeled continuously, but not
by thresholds of sufficiency. The serum level at which
25-OH-vitamin D is associated with better outcomes
may vary across diseases,”? and patients with very
low 25-OH-vitamin D levels (<10ng/ml) potentially
represent the group who have worse outcomes.
Further, the response to supplementation on vitamin
D levels may play a role in physical and symptom
response, although the literature contains conflicting
results.?9:38:53-55  participant-reported  vitamin
D supplementation did not impact the observed
associations between 25-OH-vitamin D levels and
symptom scores. Additionally, supplementation was
not independently associated with better symptom
scores in our study, however, the ascertainment
of vitamin D supplementation, including dose,
frequency, and compliance with therapy, was poor in
SPIROMICS. These findings add to the importance
of describing the 25-OH-vitamin D level at which
supplementation will provide the most benefit and
determining the importance of magnitude of response
to supplementation versus merely achieving vitamin
D sufficiency.

Better SGRQ total and subdomain scores in the
middle-aged group are associated with higher vitamin
D levels in this study. A large analysis of drug trial
participants has associated poorer total SGRQ with
worse COPD outcomes, including exacerbations.®®
High physical and psychological comorbidity



burden affects SGRQ scores in COPD patients.
Literature suggests the SGRQ mainly assesses
subjective symptoms and impairment and may not
be an accurate indicator of physical functioning,®’
explaining the lack of associations seen between
vitamin D levels and 6MWT or VSAQ. Further, in
the middle-aged group, there was not an association
in Black participants when analyses were further
subdivided by race. This may be due to differential
vitamin D metabolism®* and represents an area in
need of further investigation. Stronger associations
seen between vitamin D levels and SGRQ scores as
opposed to those observed with the CAT score, as
seen in the analysis of the total cohort, have been
noted elsewhere®® and may be due to the SGRQ’s
more granular nature.

This study has limitations. The associations
presented are cross-sectional and do not prove
causality between low vitamin D and increased
symptoms. While the middle-aged cohort reported
more time outdoors, this does not necessarily prove
better overall health in this group. We do not have
available data for recent pulmonary rehabilitation
attendance among participants. Evaluating measures
of sarcopenia would further enrich the analysis and
better define phenotypes for future studies. Some
important covariables including medication usage,
time spent outdoors, and comorbidities were collected
by patient report, introducing the potential for recall
bias. Also, doses of vitamin D supplementation
and whether the participants were compliant with
this therapy, was not validated by the study. While
modeling our continuous exposure as per 5ng/ml
25-OH-vitamin D increase, we did not find differences
in CAT and SGRQ Total scores that met MCID,
however, these thresholds are reached at a 20ng/ml
change in 25-OH-vitamin D. The low number of
participants with 25-OH-vitamin D<10ng/ml limits
our ability to accurately assess for threshold effects
at that level which would otherwise be informative.
We elected to not adjust for multiple comparisons
given the controversy of using correction techniques
when assessing significance using a universal mull
not fitting the conceptual framework.’>® Importantly,
given the uniform nature of data collection in
SPIROMICS, we would not expect these biases to
differentially impact younger or older age groups.

In conclusion, increasing levels of vitamin D,
are associated with improved respiratory-specific

symptoms, most notable in middle-aged participants.
These relationships persisted when accounting for
important confounders. These findings highlight the
need to explore mechanisms more robustly by which
vitamin D may improve symptoms. Additionally,
study of the role of vitamin D supplementation in
the symptom burden of younger COPD patients is
needed.
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