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Abstract

Background: Some epidemiologic studies have proven the possible association between the serum level of
25-hydroxy vitamin D [25(OH)D] and the forced expiratory volume in 1 second (FEV,) or chronic obstructive pulmonary
disease (COPD).

Purpose: To investigate whether serum concentrations of 25(OH)D play a role in the diagnosis of COPD in a
working population.

Patients and methods: A total of 299 industrial workers aged = 40 years performed spirometry and had their
serum level of 25(0OH)D measured.

Results: The prevalence of COPD defined by the fixed ratio was 14.1%. Mean 25(OH)D levels did not differ
significantly between subjects with COPD and those without COPD as defined by the fixed ratio (24.6 ng/mL £ 6.7 ng/
mL in subjects with COPD vs. 24.0 ng/mL + 5.9 ng/mL in subjects without COPD; not significantly different). According
to an Endocrine Society Clinical Practice Guideline released in the US in 2011, vitamin D insufficiency, defined as
25(0OH)D levels of <30 ng/mL, was present in 252 (84.2%) out of the 299 participants, and vitamin D deficiency, defined
as 25(0OH)D levels of <20 ng/mL, was found in 80 (26.8%) subjects. Forced expiratory volume in 1 second (FEV,),
forced vital capacity (FVC), FEV,/FVC and the prevalence of subjects with COPD were not significantly different
among the three groups with different 25(OH)D levels (= 30 ng/mL, 2 20 and <30 ng/mL and <20 ng/mL). Statistically
significant correlations were not found between any measurements obtained from spirometry, including FEV, FEV /
FVC, and 25(0OH)D levels.

Conclusion: Although vitamin D insufficiency and deficiency were frequently observed in the present study, the
serum 25(OH)D concentration was not different between COPD and non-COPD subjects in a working population. The
association between 25(0OH)D levels and COPD did not meet a level of statistical significance in the present study

conducted in a working population.

Keywords: Chronic obstructive pulmonary disease (COPD); Forced
expiratory volume in 1 second (FEVI); Airflow limitation; Lower limit
of normal (LLN); 25-hydroxy vitamin D [25(OH)D]

Introduction

It has been emphasized that spirometry is essential in making a
diagnosis of chronic obstructive pulmonary disease (COPD) since
COPD is defined by airflow limitation measured using spirometry
[1]. However, COPD remains under-diagnosed, with the diagnosis
being commonly missed or delayed until the disease is advanced. Since
COPD screening by spirometry may be a little expensive, the concept
of case-identification or case-finding to pre-select candidates for
spirometry has been proposed [2,3] and the possibility of identifying
people at high risk for COPD has been studied. So far, two presumptive
methods have been reported for target case identification to reduce the
burden of COPD. One method uses a portable device called a hand-
held spirometer instead of a conventional spirometer [4], and the other
is a screening method using specific questionnaires [2,5]. Researchers
have also been investigating the discriminative properties of various
biomarkers; however, there is still no known biomarker useful for
diagnosing or screening COPD.

Although vitamin D is not a biomarker, there have been some
studies to determine whether vitamin D plays a role in some respiratory
diseases. An association between vitamin D deficiency and decreased
pulmonary functions as well as airflow limitation in asthma patients
has been suggested [6]. There have been some reports of the possible
association of acute exacerbation of COPD with vitamin D deficiency
although there have also been other reports that no association exists
[7.8]. Martineau et al. [9] reported that vitamin D, supplementation

protected against moderate or severe exacerbation in subjects with
COPD with low 25-hydroxyvitamin D [25(OH)D] level. The discussion
is still continuing.

The relation between stable COPD and vitamin D level has also
been investigated. Researchers at the Third National Health and
Nutrition Survey (NHANES III) have found strong positive relations
between serum 25(OH)D and both forced expiratory volume in 1
second (FEV,) and forced vital capacity (FVC) in the general population
[10]. Janssens et al. [11] demonstrated that vitamin D deficiency, as
assessed by 25(OH)D levels in serum, is common in patients with
COPD and correlates with the severity of the disease as measured by
FEV . However, in the Hertfordshire Cohort Study, serum 25(OH)D
concentrations were not related to FEV but were positively associated
with COPD [12]. The Evaluation of COPD Longitudinally to Identify
Predictive Surrogate Endpoints (ECLIPSE) study also demonstrated a
relationship between vitamin D status and emphysema, and confirms
associations between vitamin D status and FEV | [13]. Therefore, some
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epidemiologic studies have proven the possible association between
serum levels of 25(OH)D and FEV [14] and it has been reported that
vitamin D deficiency is frequently found in subjects with COPD.

We hypothesized that serum concentration of 25(OH)D may play
a role in the diagnosis of COPD. Industrial workers aged > 40 years
performed spirometry and completed measurements of the serum
level of 25(OH)D. The authors investigated the relationship between
vitamin D and airflow limitation in the participants.

Material and Methods
Subjects

The study was conducted between October and November 2013 at
the Niigata Association of Occupational Health Incorporated, Niigata,
Japan. The study subjects were participants undergoing comprehensive
health examination in Japan over forty years old at this Association.
They were mostly company employees with the financial support of
companies, came from various workplaces or from many firms and had
heterogeneous background. All had comprehensive health screening,
including conventional spirometry, as well as a chest radiographs.
The serum 25(OH)D level was measured in all the participants. The
exclusion criteria for this analysis included:

1) abnormal findings for the pulmonary parenchyma or chest wall
revealed on chest radiographs;

2) thoracotomy received in the past;

3) any admission to a hospital during the preceding three months
(except hospitalization for routine tests);

4) any physician-diagnosed pulmonary disease including lung
cancer, pulmonary tuberculosis, bronchiectasis and non-
tuberculosis mycobacteriosis;

5) ahistory of cancer or malignant disorders; and

6) unstable complications of cardiovascular, neuromuscular,
renal, endocrinological, haematological, gastrointestinal, or
hepatic co-morbidities. Written informed consent was obtained
from all participants. The present study was approved by the
ethics committee of the Niigata Association of Occupational
Health Incorporated. In this study, COPD was spirometrically
defined as airflow limitation with a FEV /FVC less than a
fixed ratio, 0.7, or the lower limit of normal (LLN) without
bronchodilator administration.

Methods

All eligible subjects finished the following examinations on
the same day. The serum 25(OH)D level was measured by use of
competitive protein binding assay in all the participants. Spirometry
was performed with the use of nose clips in the sitting position with
an SP-370™ Spirometer (Fukuda Denshi Co., Ltd., Tokyo, Japan).

All measurements were performed by a laboratory technician (MO)
in accordance with guidelines published by the American Thoracic
Society and the European Respiratory Society [15]. The spirometric
FVC and FEV, values were the largest FVC and largest FEV | selected
from data obtained from at least three acceptable forced expiratory
curves, even if these values were not obtained from the same curve [16].
The predicted values for pulmonary function were calculated based on
the proposal from the Japanese Respiratory Society [17]. The LLN for
the Japanese population was calculated using the method described by
Osaka et al. [18]. The participants also answered additional questions
to investigate their smoking status and history. Information about their
radiographic findings was obtained from annual health examinations.

All results are expressed as means + SD. A p value of less than 0.05
was considered to be statistically significant. All statistical analysis
was performed using IBM SPSS Statistics 21.0 (International Business
Machines Corp, Armonk, New York, USA).

Results

A total of 301 subjects participated at the beginning of the present
study. However, two subjects were excluded from the data analysis
because of uncertainty in their smoking history. Therefore, a total of
299 consecutive subjects (283 males) were analyzed. The average age
of the subjects was 53.5 years. The mean FEV /FVC ratio was 77.2%,
ranging from 40.2% to 94.4%. Their demographic details are shown in
Table 1.

Using the fixed ratio of the FEV /FVC<0.7, 42 subjects were
diagnosed with COPD, which included 42 out of the 283 males (14.8%)
and 0 out of the 16 females (0%). Using the classification of severity
of airflow limitation in COPD of the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) criteria, 26 were in GOLD 1, 15 in
GOLD 2 and 1 in GOLD 3. Using the lower limit of normal (LLN)
definition, 16 subjects had COPD, which included 15 males (5.3%)
and 1 female (6.3%), but 283 were not considered to have COPD. The
overall prevalence of COPD was 14.0%, as defined by the fixed ratio,
and 5.4% as defined by the LLN.

The mean 25(OH)D level of all 299 participants was 24.1 ng/
mL. The serum level of 25(OH)D was 24.6 ng/mL + 6.7 ng/mL in
42 subjects with COPD defined by the fixed ratio and 24.0 ng/mL +
5.9 ng/mL in 257 subjects without COPD defined by the fixed ratio.
There was no statistically significantly difference between the two
spirometrically divided groups (p=0.543, Student t-test). The serum
25(OH)D concentration was 24.0 ng/mL * 5.7 ng/mL in 16 subjects
with COPD defined by the LLN and 24.1 ng/mL + 6.0 ng/mL in 283
subjects without COPD defined by the LLN. These results were not
statistically significantly different (p=0.916).

According to an Endocrine Society Clinical Practice Guideline
released in the US in 2011 [19], vitamin D insufficiency, defined as
25(0OH)D levels of <30 ng/mL, was present in 252 (84.2%) out of 299

Total Subjects Age Male C;Q;’E:;e P"°;f[(’:'g%"[;’s's FEV, FEV,IFVC

number years Number (%) pack-years Number (%) %pred %
All subjects 299 53.5+8.2 283 (94.6%) 27.2+16.8 3 (1%) 91.2+12.0 772+6.4
non-COPD defined by fixed ratio 257 53.0 £8.1 241 (93.8%) 25.6+15.9 2 (0.8%) 92.8 +11.1 79.0+4.6
COPD defined by fixed ratio 42 56.5 + 8.2 42 (100%) 37.4+18.8 1(2.4%) 81.0+12.3 66.0 £ 4.0
non-COPD defined by LLN 283 53.3+8.1 268 (94.7%) 26.7 + 16.6 3(1.1%) 92.1+11.1 78.0+54
COPD defined by LLN 16 55.6 +9.6 15 (93.8%) 37.2+184 0 (0%) 73.7+14.8 62.8+5.0

FEV,: Forced expiratory volume in 1 second; FVC: Forced vital capacity; COPD: Chronic obstructive pulmonary disease; LLN: Lower limit of normal.

Table 1: Demographic details and spirometric results for all 299 subjects.
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participants, and vitamin D deficiency, defined as 25(OH)D levels of
<20 ng/mL, was found in 80 (26.8%) subjects. There was none with
severe deficiency (<10 ng/ml) in the present study. FEV, was 3.13 L +
0.65L (93.4% + 12.6% predicted) in 47 subjects with 25(OH)D levels of
> 30 ng/mL, 3.08 L £ 0.58 L (90.7% * 12.1% predicted) in 172 subjects
with 25(OH)D levels of > 20 and <30 ng/mL and 3.21 L + 0.52 L
(90.8% + 11.4% predicted) in 80 subjects with 25(OH)D levels of <20
ng/mL (p=0.245 and 0.392, ANOVA). FVC and FEV /FVC were not
significantly different among the three groups with different 25(OH)
D levels. The number of subjects diagnosed with COPD as defined by
the fixed ratio or by the LLN was 6 and 3 out of 47 subjects (12.8% and
6.4%) with 25(OH)D levels of > 30 ng/mL, 27 and 9 out of 172 subjects
(15.7% and 5.2%) with 25(OH)D levels of > 20 and <30 ng/mL and 9
and 4 out of 80 subjects (11.3% and 5.0%) with 25(OH)D levels of <20
ng/mL, respectively. The prevalence of subjects with COPD was not
significantly different among the three groups with different 25(OH)
D levels (Table 2).

Table 3 shows serum 25(OH)D concentrations across quintiles and
lung function parameters and the prevalence of COPD by quintiles.
The associations of level of 25(OH)D with FEV , FVC and FEV /FVC
as well as the prevalence of COPD did not show a statistically significant
difference among the 25-hydroxyl vitamin D quintiles.

Simple correlations between pulmonary function test parameters
and serum 25(OH)D concentrations were analyzed. Pearson’s
correlation coefficients between the serum 25(OH)D concentration
and FEV, (L), FEV, (% predicted) and FEV /FVC were -0.073, 0.025
and -0.065, respectively. Contrary to our expectations, none of the
relationships was significant (all, p<0.01). Using the fixed ratio by
spirometry as the definition of airflow limitation, a receiver operating
characteristic (ROC) curve was analyzed to set a cut-off point for the
serum 25(OH)D concentration. The best 25(OH)D concentration for
the largest sum of sensitivity and specificity was 24.8 ng/mL. The area
under the ROC curve was 0.519 (95% CI: 0.426 - 0.613). Therefore, the
level of agreement in the definition of airflow limitation using a cut off
value of 24.8 for 25(OH)D concentration was poor with sensitivity of
54.2%, specificity of 58.8% and diagnostic accuracy of 57.9%.

Discussion

This study showed that serum concentrations of 25-hydroxy vitamin
D cannot be used in the diagnosis of COPD, and that measurements
of serum 25(OH)D concentrations prior to spirometry will not play
a role in case determination or in screening high-risk subjects with
possible COPD. Since COPD is defined by airflow limitation measured
using spirometry, two presumptive methods have been reported
for targeted case identification to reduce the burden of COPD. One
method uses a portable device called a hand-held spirometer instead of
a conventional spirometer, and the other is a screening method using
specific questionnaires. The results of the present study proved that the
discriminative property of 25(OH)D is far less effective than the hand-
held spirometer, specific questionnaires, or a combination of both.

Although previous studies have reported a statistically significant
association between vitamin D deficiency and airflow limitation indices
as well as with COPD prevalence, we found no statistically significant
relationship in either case. One possible reason for our negative results
is the study design as we had a relatively low number of participants.
The study that reported a positive association between vitamin D
deficiency and airflow limitation had more participants. Our study was
also conducted on a working population; therefore, participants were
healthier and more homogenous compared to those in past studies.
There were some participants with airflow limitation, but none of
them had severe COPD. Our results were probably not statistically
significant because there was no one with more severe COPD among
our participants.

The participants in this study were industrial workers over 40 years
old in Japan. The prevalence of COPD defined by the fixed ratio was
14.0%, whereas that defined by the LLN was 5.4%. Although there have
been only a few population-based surveys regarding the prevalence of
COPD in Japan, these figures are a little higher than those reported
in the Nippon COPD Epidemiology (NICE) study, in which the
prevalence defined by the fixed ratio was 10.9% [20]. Similarly, in a
community-based annual health check, Osaka et al. [18] also reported
that 10.6% had COPD as defined by the fixed ratio and 6.4% had COPD

25-hydroxyl vitamin D (ng/mL)

mean median SD max. min.

All subjects 241 234 6.0 56.0 10.2
non-COPD defined by fixed ratio 24.0 234 5.9 56.0 10.2
COPD defined by fixed ratio 24.6 24.9 6.7 51.5 14.0
non-COPD defined by LLN 241 234 6.0 56.0 10.2
COPD defined by LLN 24.0 23.7 5.7 33.7 15.3

The serum 25-hydroxyl vitamin D concentration was not different between COPD and non-COPD subjects; COPD: Chronic obstructive pulmonary disease; LLN: Lower

limit of normal.

Table 2: Comparison of the serum levels of 25-hydroxyl vitamin D.

25(0OH)D quintile Total Subjects FEV, FEV,
(ng/mL) number liters %pred
<19.0 59 3.26 £0.47 91.6+9.9
19.0-22.0 55 3.01+£0.63 88.7£13.3
22.1-25.3 63 3.18 £ 0.59 92.8+13.9
25.4-29.0 62 3.05+0.54 89.6 £ 10.8
229.1 60 3.08 £0.63 92.8+11.5
Total 299 3.12+0.58 91.2+12.0

COPD defined by

FEV1/FVC FVC FVC

fixed ratio LLN
% liters % pred Number (%)

78.3+6.7 4.18 £ 0.58 99.8 £ 9.6 6 (10%) 3 (5%)
76.7+59 3.92+0.72 97.8 £13.0 10 (18%) 2 (4%)
779+6.7 4.07 £ 0.62 100.7 £ 12.4 6 (10%) 5 (8%)
756 £6.7 4.03 £ 0.66 999 +11.7 14 (23%) 3 (5%)
77.3+56 4.00 £ 0.80 100.7 + 12.1 6 (10%) 3 (5%)
77.2+6.4 4.04 £0.68 99.8+11.8 42 16

FEV,, FVC, FEV,/FVC and the prevalence of COPD were not statistically significantly different among the 25-hydroxyl vitamin D quintiles; 25(OH)D: 25-hydroxy! vitamin D;
FEV,: Forced expiratory volume in 1 second; FVC: Forced vital capacity; COPD: Chronic obstructive pulmonary disease; LLN: Lower limit of normal.

Table 3: Lung function and prevalence of COPD by quintiles of serum 25(0OH)D concentration.
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as defined by the LLN. Thus, the prevalence of COPD reported in this
study may be a little higher or similar to previous studies in Japan.

Although it has been reported that vitamin D insufficiency and
deficiency are common in smokers with COPD, vitamin D insufficiency
was present in 84% of our study participants and vitamin D deficiency
in 25% of our study participants, showing that many participants had
a very low level of vitamin D even though they did not have COPD.
Since vitamin D is supplied by food or sunlight exposure, vitamin D
concentrations are largely influenced by the duration of sunshine,
obesity, and calcium intake. Therefore, 25(OH)D concentration
probably varies by region. The definitions of vitamin D insufficiency
as 25(OH)D levels of <30 ng/mL and vitamin D deficiency as 25(OH)
D levels of <20 ng/mL were presented as Clinical Practice Guidelines
by the Endocrine Society in the USA, and it is unclear whether these
standards are valid in Japan. As far as we know, there are no reports on
the normal level of 25(OH)D in Japan.

It is known that vitamin D plays an important role in bone diseases
such as rickets and osteomalacia. There are also some reports that
suggested associations with neurological disorders such as diabetes,
multiple sclerosis as well as myocardial infarction and hypertension.
Although some have reported the blood 25(OH)D levels necessary to
prevent premature death, falls, cancer, and respiratory tract infections,
COPD was not discussed in the preventive role of vitamin D. Since
our study did not find an association between blood 25(OH)D levels
and the COPD diagnosis, we did not find evidence to support the
hypothesis that the vitamin D level is related to the onset of COPD.
If there is any relationship between the vitamin D level and COPD,
the interactions may be more subtle. The mechanisms of COPD onset
remain largely unknown, and should be studied more in the future.

Conclusion

Although vitamin D insufficiency and deficiency were frequently
observed in the present study, the serum 25(OH)D concentrations
were not different between COPD and non-COPD subjects in a
working population. The association between 25(OH) D levels and
COPD did not meet the level of statistical significance in the present
study conducted in a working population.
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