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Abstract

Background—Vitamin D deficiency is common in patients with chronic obstructive pulmonary
disease (COPD) and has also been linked to comorbidities often present in COPD.

Aim—The aim of this study was to investigate whether vitamin D deficiency was related
specifically to airflow limitation or whether vitamin D deficiency was determined by conditions
that frequently coexist with COPD: insulin resistance, hypertension, anaemia, obesity and
hypercholesterolaemia.

Methods—For this cross-sectional analysis, we included 897 subjects from the Baltimore
Longitudinal Study of Aging. Subjects taking vitamin D supplements were excluded. Airflow
limitation was defined as FEV1/FVC < lower limit of normal. Logistic regression was used to
assess the association between vitamin D deficiency (25-hydroxy vitamin D < 20 ng/mL) and
possible determinants.

Results—Vitamin D deficiency was not specific for subjects with airflow limitation. Body mass
index (BMI) (OR: 1-05, P< 0-03) and obesity (BMI > 30 kg/m?) (OR: 1.9, P< 0-002) were
significantly associated with vitamin D deficiency in the adjusted multivariate regression analysis.
Physical activity was associated with a decreased risk of vitamin D deficiency.
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Conclusions—Airflow limitation was not an independent determinant of vitamin D deficiency.
The effect of weight loss and increased physical activity on vitamin D levels should be
investigated further in intervention studies.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by chronic airflow
limitation and the presence of symptoms such as dyspnoea and fatigue [1]. Besides
pulmonary symptoms, systemic consequences of the disease are common, for example,
impaired lower limb muscle function [2,3], body composition abnormalities [4-6] and
various comorbidities [7,8].

Vitamin D deficiency is also common in patients with COPD [9,10] and observational
studies have shown a positive association between circulating vitamin D and exercise
capacity in patients with COPD [11,12]. In a post hoc subgroup analysis of a larger
randomized trial comparing vitamin D supplementation with placebo to reduce time to
exacerbations, 50 subjects participated in a rehabilitation programme [13]. In this subgroup,
the supplemented group had larger improvement of inspiratory muscle strength and maximal
oxygen uptake [13]. Furthermore, vitamin D status has been found to correlate with lung
function both in the general population [14] and specifically in patients with COPD [15].

In the general population, vitamin D deficiency has been associated with other COPD-
related comorbidities such as cardiovascular disease (CVD), type 2 diabetes, and anaemia
[16-18]. As these comorbidities are more prevalent in patients with COPD than in age-
matched controls [19], the question arises whether and to what extent vitamin D deficiency
is COPD specific or whether it is due to common features of COPD such as smoking, aging,
reduced physical activity, and/or the presence of comorbidity?

The aim of this study was to investigate whether and to what extent vitamin D deficiency is
related to the degree of airflow limitation in an older population. Furthermore, we wanted to
assess whether vitamin D deficiency was determined by conditions that frequently coexist
with COPD: insulin resistance, hypertension, anaemia, obesity, and hypercholesterolaemia.
We also wanted to examine whether modifiable variables, such as level of physical activity,
exercise capacity and smoking, were determinants of vitamin D deficiency.

Materials and methods

The Baltimore Longitudinal Study of Aging (BLSA) is a prospective study of normative
aging. All participants were healthy when they entered the study and were followed
indefinitely with a serial of evaluations over time (Clinical Trials.gov identifier:
NCT00233272). For this cross-sectional analysis, we included subjects with a serum 25-
hydroxy vitamin D (25(OH)D) measurement.
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Airflow limitation

In this sample of an older American population, we defined airflow limitation as forced
expiratory volume in 1 s (FEV;)/forced vital capacity (FVC) < lower limit of normal. Lower
limit of normal was defined as predicted FEV1/FVVC minus 1-645 x standard error of the
estimate (the lower 5th percentile). The reference values were from the Third National
Health and Nutrition Examination Survey (NHANES I11) [20]. Calculations were according
to sex and ethnicity. For the mixed race, non-Caucasian and non-African American (n7=
127), we used the reference values for Caucasians.

Definition of morbidities and vitamin D deficiency

Season

Comorbidities were defined as diseases coexisting with airflow limitation. If the diseases
were reported in subjects without airflow limitation, they were referred to as morbidities not
including airflow limitation. The following morbidities were objectively defined as follows:
hypertension: systolic blood pressure > 140 mmHg or diastolic blood pressure > 90 mmHg;
insulin resistance: body mass index (BMI) > 28-9 + HOMA > 4.56 or BMI > 27.5 + HOMA
> 3.6 [21]; the homeostasis model assessment (HOMA) index is calculated as glucose
mg/dL x insulin uU/mL)/405; hypercholesterolaemia: total cholesterol > 200 mg/dL;
obesity: BMI > 30 kg/m?; anaemia: haemoglobin < 13 g/dL in men and < 12 g/dL in
women. Vitamin D deficiency was defined as serum 25(0OH)D < 20 ng/mL (~50 nM).

As plasma vitamin D concentration is dependent on the season, the winter season was
defined as the months October—March and the summer season was defined as the months
April-September. This variable was used as confounding variable for vitamin D
concentration.

Laboratories measures

Total cholesterol in plasma was measured by an enzymatic method (ABA-200 ATC
Biochromatic Analyzer; Abbott Laboratories, Irving, TX, USA). Haemoglobin Alc was
measured by Automated DiaSTAT analyzer (Bio-Rad Laboratories, Hercules, CA, USA).
Fasting plasma glucose was measured with a bichromatic endpoint method (Vista) during
the period 30 June 2003-11 July 2009 and spectrophotometry (SPEC) during the period 12
July 2009—present. Plasma fasting insulin was measured by enzyme-linked immunosorbent
assay (ELISA); the interassay variability was 2:6—-3:6%. Serum 25(OH)D concentrations
were measured by liquid chromatography—mass spectrometry at the Mayo Clinic
laboratories (Rochester, MN, USA). The lower limit of detection was 4 ng/mL, and the
interassay coefficient of variation was 10%.

Modifiable variables

The modifiable variables used in the statistical models were the following: Walking time
(seconds to perform 6 m walk), smoking status (never smoker, former smoker and current
smoker) and physical activity (BLSA physical activity category 0-3). Information on
physical activity was obtained from a questionnaire. The activities were then converted into
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Metabolic Equivalents [22] (METs)/day (0 = 0-49 METs/day; 1 = 50-249 METs/day; 2 =
250-499 METs/day; and 3 = 500+ METs/day).

Outcomes associated with vitamin D deficiency

Statistics

Results

Morbidity

A dual-energy X-ray absorptiometry (DXA) scan was performed (using Lunar prodigy
10190 and after 2006 prodigy advance PA + 130024 from GE Healthcare, Madisson, WI,
USA) at the same visit as the measurement of the vitamin D status. Osteoporosis and
osteopenia were defined based on the DXA scan by the lowest T score of the hip and the
lumbar spine, respectively, lower than —2.5 or lower than —1 and higher than —-2.5.

Patient characteristics are reported as mean (standard deviation) or per cent. Chi-squared test
(or Fisher’s exact test when more than one cell had an expected count < 5) was used for
comparing binary variables and an independent #test was used for continuous variables. To
compare vitamin D levels between subjects with different numbers of comorbidities, one-
way ANova test was used. A P-value < 0-05 was considered statistically significant.

All the explanatory variables were entered in a univariate logistic regression analysis with
vitamin D deficiency (yes/no) as the outcome variable. The explanatory variables were the
measurements that were used to define the morbidities (blood pressure, HOMA index,
cholesterol, BMI and haemoglobin), the morbidities as dichotomous variables (morbidity
yes/no), the general determinants (age, sex, ethnicity and season) and the modifiable
variables (walking time, physical activity and smoking status).

In the first multivariate model (model 1) with vitamin D deficiency as outcome variable,
either the measurement variables or the morbidity variables with £< 0.1 in the univariate
analysis were entered as explanatory variables adjusted for age, sex, season and ethnicity. In
the second multivariate model (model 2), the modifiable explanatory variables with A< 0.1
in the univariate analysis were added to model 1. The variables were entered en bloc.

The analyses were performed using Statistical Package for Social Sciences (spss) version 20
(SPSS Inc., Chicago, IL, USA). A P-value < 0-05 was considered statistically significant.

In this study, 897 subjects from the BLSA were included. None of the 897 subjects were
taking vitamin D supplementation. The average age was 66 years (SD * 13-0) (87% were
older than 50 years). Of the 897 subjects, 88 (9-:8%) had airflow limitation. Most of these
subjects were never smokers or former smokers. Subjects with airflow limitation had lower
BMI and worse lung function (FEV4) compared with subjects without airflow limitation
(Table 1). Only few subjects had self-reported obstructive lung disease such as asthma and
COPD, 8:4% and 1-8%, respectively.

Sixty-six per cent of the subjects with airflow limitation had one or more comorbidities;
62% of the subjects without airflow limitation had one or more morbidities (NS). The most
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prevalent morbidity was hypercholesterolaemia both in subjects with and without airflow
limitation: 43% and 37%, respectively (P=0-3) (Table 1). There was no difference between
the prevalence of morbidities in subjects with or without airflow limitation, except insulin
resistance, which was less prevalent in subjects with airflow limitation (£ = 0.02).

Vitamin D levels

In subjects without airflow limitation, the mean serum 25(OH) D was 32 ng/mL, which was
similar in subjects with airflow limitation (Table 1). Vitamin D levels were lower in men
(30-3 ng/mL) compared with women (33-4 ng/mL) (P < 0-001). Overall, around 15% of the
897 subjects were vitamin D deficient, 13-9% among women and 15-1% among men (P=
0-6). In subjects without airflow limitation, the mean serum 25(OH)D during winter was
30-8 ng/mL (SD: 11.5 ng/mL) (7= 402) and 32-9 ng/mL (11-7 ng/mL) (n=407) during
summer (P = 0-01). This difference was not seen in subjects with airflow limitation as the
mean serum 25(OH)D during winter was 31-5 ng/mL (SD: 14-7 ng/mL) (7= 41) and during
summer 31-8 ng/mL (SD: 9-7 ng/mL) (n=47) (P=0.9). In subjects with and without
airflow obstruction, there was no difference in vitamin D concentration after stratification
for comorbidity (Fig. 1). However, plasma vitamin D concentration decreased from 0 to 1
and from 2 to 3 comorbidities in the subjects without airflow obstruction (Fig. 2).
Subsequently, vitamin D deficiency was more prevalent in the subjects with two morbidities
compared with no morbidities in the subjects without airflow limitation (P= 0-02) (Fig. 3).

Determinants of vitamin D deficiency

In the univariate analysis age, ethnicity (African American vs. Caucasian), BMI, blood
pressure and HOMA index as well as the dichotomous variables obesity and physical
activity were associated with vitamin D deficiency, as shown in Table 2. In the multivariate
logistic regression (model 1) of the measurement variables, age, ethnicity, season and BMI
were significant and remained significant after physical activity was added (model 2), as
shown in Table 3. In the multivariate logistic regression (model 1) of the morbidity variables,
only obesity was significantly associated with vitamin D deficiency after adjustment for age,
ethnicity and season, as shown in Table 4. In model 2, the only significant modifiable
variable was physical activity.

Clinical outcomes associated with vitamin D deficiency

Of the 897 subjects, 415 (46%) subjects had osteopenia and 80 (9%) had osteoporosis.
Osteopenia was associated with vitamin D deficiency (P = 0-036), whereas osteoporosis was
not (P=0-63).

Discussion

In this sample of older subjects, airflow limitation was not a determinant of vitamin D
deficiency. BMI/obesity and physical activity were the main determinants of vitamin D
deficiency. Our data suggest that the frequent presence of vitamin D deficiency in patients
with airflow limitation is due to general and modifiable features.

Eur J Clin Invest. Author manuscript; available in PMC 2016 December 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Moberg et al.

Page 6

Black and Scragg [14] were the first to show an association between vitamin D and lung
function in the NHANES 111 cohort, also after adjusting for age, sex, ethnicity, height,
smoking, and BMI. Since then, this finding was confirmed; among others, COPD has been
suggested to be an independent risk factor for vitamin D deficiency (adjusted for BMI,
GOLD stage, smoking and season) [10], and vitamin D deficiency was more frequent in
patients with airflow limitation compared with controls [9]. In the latter study, the usually
seen inverse relationship between BMI and serum 25(OH)D was not found [9]. Thus, it was
plausible that airflow limitation could influence vitamin D levels. Our hypothesis was that
airflow limitation is an independent determinant of vitamin D deficiency, even after
considering common features like aging, comorbidity, reduced physical activity and
smoking status, which are risk factors of vitamin D deficiency in the general population
[23]. Our results suggest, however, that other determinants of vitamin D deficiency are more
influential than airflow limitation by itself. In line with this, it has to be acknowledged that
Black and Scragg [14] did not find any difference in the FEV1/FVC ratio between the
highest and the lowest quintiles of vitamin D. And in a recent study by Afzal et al. [24],

FEV 19, predicted and FVC % predicted were lower for lowest vs. highest decile of 25(0OH)D
in two general population samples; however, the association of 25(0OH)D and FEV1/FVC
ratio was inconclusive.

Studies assessing the influence of vitamin D in CVVD have found an association between
elevated BMI and vitamin D deficiency [25-27]. A physiological explanation for this
relationship is that vitamin D metabolites are sequestered in fat tissue [28]. In some of the
studies that have linked vitamin D deficiency to CVD risk or outcome, adjustment for BMI
did not change the result [29-31]. In the present study, obesity was the only morbidity
significantly associated with vitamin D deficiency in the multivariate regression analysis. We
found that serum 25(OH)D levels were higher in women than in men and increased with
age. Several studies have found that lower vitamin D levels are associated with female sex
[32,33], but in a study of patients with type 2 diabetes and in another study of morbidly
obese patients women had higher levels of 25(OH)D; in both studies, the association was
independent of BMI [34,35]. The positive association between age and vitamin D levels
have been reported in some studies [36,37], but not in others [32,38]. In the present study of
older subjects, only 14% of the women and 15% of the men were vitamin D deficient. A
multicentre study from 1995 of an older European population (age: 70-75 years) reported
that 36% of the men and 47% of the women had serum 25(OH)D below 30 nM (~12 ng/mL)
[39]. A study from Germany in which all the participants were at least 60 years old found
that about 26% of the women and 20% of the men had 25(OH)D <50 nM (~20 ng/mL) [40].
In both studies, subjects taking vitamin D supplements were not excluded, while this was the
case in the present study. Furthermore, it has to be taken into consideration that Baltimore is
located at the 39°N, which is comparable with the south of Italy. This could be another
factor explaining the difference in prevalence of vitamin D deficiency between the studies.

We showed that decreased physical activity is associated with increased risk for vitamin D
deficiency. As stated in the literature, physical activity has been linked to spending more
time outside and thus possibly being exposed to more sunlight [41] and increased physical
activity may very well be related to a lower BMI and a more healthy lifestyle in general. Yet,
it is less clear whether vitamin D supplementation has a direct effect on muscle strength and
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physical capacity. In a clinical trial of patients participating in pulmonary rehabilitation and
randomized to either 100 000 IU vitamin D3 or placebo, the patients receiving vitamin D
had significantly larger improvements in inspiratory muscle strength and maximal oxygen
uptake, but improvements in quadriceps strength or 6-min walking distance were not
significantly different from the effects in the placebo group [13]. In another clinical trial,
patients with COPD received 2000 1U vitamin D3 daily with no effect on physical
performance after 6 weeks of treatment [42]. A limitation of these intervention studies was
that vitamin D deficiency was not an inclusion criterion; it is thus essential to confirm these
findings in a population with vitamin D deficiency. The hypothesis that increased physical
activity positively influences the vitamin D concentration has yet to be tested.

Osteopenia was associated with vitamin D deficiency whereas osteoporosis was not. The
reason for these results could be the fact that only subjects who did not take vitamin D
supplements were included. Subjects already diagnosed with osteoporosis prior to entering
the BLSA and at the time of the diagnosis were vitamin D deficient have most likely been
supplemented with vitamin D and have thus been excluded from the analyses of the present
study.

As populations are aging, multimorbidity is often present and is defined as the coexistence
of two or more noncommunicable diseases in the same individual. The terms comorbidity
and multimorbidity are often used interchangeable depending on the context. Common risk
factors such as smoking, poor nutrition and physical inactivity are leading to simultaneous
development of noncommunicable diseases, but there is no standardized definition yet [43].
The implications of the concept of multimorbidity are better understanding of the aging
process [44] and the possibility of future treatments targeting common pathways [45]. It
could thus be speculated that vitamin D deficiency is just another condition in the
multimorbid individual caused by aging.

Our study has several limitations. First, the clinical diagnosis COPD was not established in
this population. Information on self-reported asthma and COPD did only in part correspond
to the observed airflow limitation. Nevertheless, the prevalence of airflow limitation was
lower (9-8%) compared with that of NHANES 2007-2010 in which the prevalence of
airflow limitation was 15% using the LLN criterion and prebronchodilator spirometry values
on subjects aged 40-79 [46]. Of the subjects with airflow limitation 53-4% were never
smokers. These subjects could have asthma or be never smokers with COPD. Never smokers
with COPD have been characterized as having milder disease, being older and not having an
increased risk of CVD comorbidity compared with current and former smokers [47]. The
implications in relation to vitamin D status have not been studied. A second limitation of our
study is the cross-sectional design; we cannot infer cause and effect relationship between the
found determinants and vitamin D levels. Moreover, we do not know the dietary intake of
vitamin D or the estimate of sunlight exposure.

In conclusion, vitamin D deficiency was not specific in subjects with airflow limitation in
this sample of older subjects. BMI and physical activity as modifiable factors were
associated with vitamin D deficiency. The effect of weight loss and increased physical
activity on vitamin D levels should be investigated further in intervention studies.
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Figure 1.

Plasma vitamin D levels by comorbidity. No significant difference between all subjects,
without and with airflow limitation.
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Vitamin D levels in subjects without and with airflow limitation by number of comorbidity.
One-way Anova was used to assess the difference between groups. In subjects with airflow

limitation, there was no significant difference between the groups.
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Vitamin D deficiency. Chi-squared test or Fisher’s exact test was used to assess difference

between groups. In subjects with airway limitation, there was no significant difference
between groups.
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Table 1

Subject characteristics, mean (SD) or %

Subjects with airflow

Subjects without airflow

All limitation limitation .

Subject characteristics N =897 N =88 N =809 P
Sex, %male 50 46 51 03
Age, years 661 (13-0) 66-1 (14-0) 66-1 (12:9) 10
Caucasian 61 59 61 07
African American 24 22 24 06
Other ethnicity 15 19 15 03
25(0H)D, ng/mL 318 (11.7) 31.7 (12-2) 31.9 (116) 0.9
Vitamin D deficiency 14.5 159 143 0.7
Non-smoker 518 534 51.7 08
Former smoker 44.5 39:8 45.0 08
Smoker 37 6-8 33 01
BMI, kg/m? 27:3(5:0) 26-3 (4-6) 27-4 (5:0) 004
Waist circumference, cm 911 (13.9) 89-4 (13:5) 91.2 (13.9) 02
FEV,, L 2.48 (0-87) 1.84 (0-82) 2.55 (0-84) <0001
FEV4, % pred 93-6 (29-2) 69-8 (22-1) 96-3 (20-8) <0001
FVC, L 3.3 (11) 33 (1-2) 33 (11) 06
FEV,/FVC 075 (0-09) 0-56 (0-10) 0-78 (0-06) <0001
Glucose, mg/dL 89-8 (16:7) 87:2 (12:7) 90-1 (17-0) 0-2
Insulin, pU/mL 88 (6:5) 84 (51) 8.9 (67) 06
HOMA index 2.2 (1.9) 2.0 (1-2) 2.2 (1.9) 02
Cholesterol, mg/dL 190-4 (37-4) 191.0 (35:5) 1904 (37-6) 09
Haemoglobin, g/dL 13.7 (14) 13:6 (1-2) 13.7 (14) 0-4
Systolic blood pressure, mmHg  115:3 (14-6) 116-4 (16:7) 115-1 (14.4) 0-4
Diastolic blood pressure, mmHg 65-0 (8:9) 652 (9-2) 650 (8:8) 0-8
Prevalence of morbidity, %

Airflow limitation 9-8 - -

Obesity 258 22.7 26-1 0-5

Hypertension 4.6 57 4.4 06

Hypercholesterolaemia 377 432 371 0-3

Insulin resistance 87 2:3 9-4 0.02

Anaemia 12.7 91 131 03

BMI, body mass index; FVVC, forced vital capacity.

*
Comparing subjects with and without airflow limitation.

The values highlighted in bold are statistically significant (P-value < 0.05).
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Table 2

Possible determinants of vitamin D deficiency. Univariate logistic regression analysis

Univariate —

logistic regression
Explanatory variables OR P
Age, years 0-98 0-003
Sex (men) 11 0-6
Ethnicity (African American vs. Caucasian) 4.7 <0-001
Ethnicity (Other vs. Caucasian) 1.3 0-4
Season (summer) 07 0-06
BMI, kg/m? 11 <0-001
Systolic blood pressure, mmHg 1.01 0-01
Diastolic blood pressure, mmHg 1.03 0:003
OMA index 11 0-01
FEV,/FVC 2.5 0-4
Cholesterol, mg/dL 1.001 0-6
Haemoglobin, g/dL 0-96 05
Obesity 2.3 <0:001
Insulin resistance 16 01
Hypertension 1.7 0-2
Hypercholesterolaemia 1.4 01
Airflow limitation (FEV,/FVC < LLN) 11 0-7
Anaemia 0-8 05
Seconds to perform 6 m walk 11 05

Baltimore Longitudinal Study of Aging physical activity category

Ovs. 1 0-5 0-03

0vs. 2 0-3 <0-001

0vs. 3 0-4 0-004
Smoking

Current smoker vs. never smoker 13 05
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Univariate —
logistic regression
Explanatory variables OR P
Former smoker vs. never smoker 0-95 08

The values highlighted in bold are statistically significant (~value < 0.05).

BMI, body mass index; FVVC, forced vital capacity.
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Table 3

Multivariate logistic regression. Determinants of vitamin D deficiency. Measurement variables with < 0:-1 in
the univariate analysis entered en bloc with general determinants (model 1) and with modifiable variables
(model 2). Only significant variables are shown

Multivariate Multivariate

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

(model 1) (model 2)
Measurement ~ Measurement
variables variables
OR P OR P
Age, years 098 0-042 098 0013
Sex (men) 132 022 148 007
Ethnicity (African 489 <0001 452 <0:001
American vs.
Caucasian)
Season (summer) 0-54 0-005 064 0031
BMI, kg/m? 1.05 003 1.07 <0-001
BLSA physical activity - - 0-31 0:001
category (2 vs.
sedentary)
BLSA physical activity - - 048 0.04

category (3 vs. sedentary)

BLSA, Baltimore Longitudinal Study of Aging; BMI, body mass index.

Model 1: General determinants + measurement variables with £< 0-1 in the univariate model.
Model 2: Model 1 + modifiable determinants with £< 0-1 in the univariate model.
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Table 4

Page 18

Multivariate logistic regression. Determinants of vitamin D deficiency [serum 25(OH) < 20 ng/mL]. Morbidity
variables with £< 0-1 in the univariate analysis entered en b/oc with general determinants (model 1) and with

modifiable variables (model 2). Only significant variables are shown

Multivariate Multivariate
(model 1) (model 2)
Morbidity Morbidity
variables variables
OR P OR P
Age, years 098 002 098 001
Sex (men) 14 NS 15 0-046
Ethnicity (African 4.7 <0001 45 <0001
American vs.
Caucasian)
Season (summer) 065 003 063 003
Obesity (BMI > 30 kg/m?) 1.9  0-002 1.7 002
BLSA physical activity - - 0-30 0:001
category (2 vs. sedentary)
BLSA physical activity - - 047 004

category (3 vs. sedentary)

BLSA, Baltimore Longitudinal Study of Aging; BMI, body mass index.

Model 1: General determinants + morbidities with £< 0-1 in the univariate model.

Model 2: Model 1 + modifiable variables with < 0-1 in the univariate model.
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