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Evaluation of the Relationship between Serum 25-Hydroxyvitamin D Levels and
Pulmonary Functions in Adult Asthma
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Mliskisinin Degerlendirilmesi

ABSTRACT

Aim: This study was aimed to determine the relationship between serum 25-hydroxyvitamin
D [25(CH)D] levels and the pulmonary functions in adult asthma patients.

Material and Methods: A total of 131 asthmatic patients’ general characteristics, asthma
symptoms, pulmonary function test, asthma control test (ACT) scores, serum 25(OH)D levels,
body weight, and height were recorded. Body mass indexes (BMIs) of the patients were
calculated and World Health Organization criteria were used for the classification. Patients
with serum 25(OH)D levels below 20 ng/mL were classified as having a deficiency, those with
21-29 ng/mL as having an insufficiency, and those with 30 ng/mL and above as having normal
serum vitamin D levels.

Results: The serum 25(OH)D levels of patients in the uncontrolled asthma group, according
to the ACT score, were found to be lower than those of patients in the controlled group
(p=0.002). It was determined that as the serum 25(OH)D levels of the patients increased, the
ACT scores also increased significantly (r=0.280, p=0.001). Additionally it was found that
each 1 ng/mL increase in 25(OH)D level was associated with an increase of 0.176 L in forced
vital capacity (FVC). In addition it was determined that as the serum 25(OH)D levels
increased, the patients” FVCs also increased (OR=1.056, 95% CI=1.003-1.113, p=0.038).
Although the change was not statistically significant (p=0.081), as serum 25(OH)D levels
increased, the ACT scores also increased.

Conclusion: Vitamin D insufficiency and deficiency were frequently found in adults with
asthma and there was a relationship between vitamin D deficiency and pulmonary function.
Keywords: Asthma; pulmonary function; vitamin D deficiency.

0z

Amac¢: Bu calismanmn amaci, yetigkin astim hastalarinda serum 25-hidroksivitamin D
[25(OH)D] diizeyleri ile pulmoner fonksiyonlar arasindaki iliskiyi saptamaktir.

Gerec ve Yontemler: Toplam 131 astim hastasinin genel zellikleri, astim semptomlari,
solunum fonksiyon testi, astim kontrol testi (AKT) skorlari, serum 25(OH)D seviyeleri, viicut
agirlig1 ve boy uzunlugu verileri kayit altina alinmistir. Hastalarin beden kiitle indeksleri (BKT)
hesaplanmis ve smiflandirma igin Diinya Saghk Orgiitii kriterleri kullamlmistir. Serum
25(0OH)D seviyesi 20 ng/mL'nin altinda olan bireyler D vitamini eksikligi, 21-29 ng/mL
olanlar D vitamini yetersizligi ve 30 ng/mL ve tistii olanlar ise normal serum D vitamini diizeyi
olarak siniflandirilmstir.

Bulgular: AKT skoruna gore kontrolsiiz astim grubundaki bireylerin serum 25(OH)D
diizeyleri, kontrollii gruptaki bireylerden daha diisiik bulunmustur (p=0,002). Bireylerin serum
25(0OH)D diizeyleri arttikga AKT skorlarinin da anlamli sekilde arttigi saptanmistir (r=0,280;
p=0,001). Buna ek olarak serum 25(OH)D seviyesindeki her 1 ng/mL'lik artisin zorlu vital
kapasite (forced vital capacity, FVC)’de 0.176 L'lik bir artis ile iligkili oldugu bulunmustur.
Ayrica serum 25(OH)D seviyeleri arttik¢a, bireylerin FVC diizeylerinin de arttigi tespit
edilmistir (OR=1,056; %95 GA=1,003-1,113; p=0,038). Istatistiksel olarak 6nemli olmamakla
birlikte (p=0,081), serum 25(OH)D seviyeleri arttikca AKT skorlarmm da arttig
belirlenmistir.

Sonug: Astim hastas1 olan yetiskinlerde D vitamini yetersizligi ve eksikliginin sik goriildiigii
ve D vitamini eksikligi ile solunum fonksiyonu arasinda bir iligki oldugu belirlenmistir.
Anahtar kelimeler: Astim; pulmoner fonksiyon; D vitamini eksikligi.
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INTRODUCTION

Asthma is a heterogeneous disease characterized by
oversensitivity of the airway and chronic airway
inflammation, which develops in response direct or indirect
stimuli (1). The World Health Organization (WHO) has
reported that 339 million people have asthma worldwide
(2). According to WHO estimates, there were 4484.8 deaths
(95% ClI: 2414.1-7593.1) due to asthma at the global level
in the year 2016 (3). Although the presence of atopy,
exposure to environmental allergens and smoking are well
known to be important risk factors associated with the onset
of asthma, in recent years vitamin D insufficiency has been
noticed to be a risk factor for asthma (4).

Vitamin D is indicated to be much more than a
micronutrient. Vitamin D 1,25-dihydroxy, the active
metabolite of vitamin D [1,25(0OH).D] is considered to be
a hormone, as it is structurally and functionally similar to
steroid hormones (4). Studies have shown that vitamin D
reduces proinflammatory markers (interleukin-6 and
tumour necrosis factor-o) levels, reduces the antigen
delivery of monocyte-macrophage to T cells, prevents the
maturation ~ of  dendritic  cells and  shows
immunomodulatory effect in addition to the endocrine role
as a result of the anti-proliferative effect on lymphocytes
(4,5). The effect of vitamin D on the pathogenesis of
asthma can also be described as its inhibitory effect on the
antigen-providing cells that are essential for the onset and
substitution of the cellular immune response. Vitamin D
has been shown to inhibit dose-dependent Thl cells and
inflammatory cytokines (such as interleukin-1 alpha-beta,
interleukin-12,  interferon-gamma), increasing the
expression of Th2-dependent cytokines. Vitamin D has also
been reported to have anti-proliferative effects on T cells
and to suppress antibody production directly or indirectly
in B cells; it also reduces the risk of asthma by activating
Treg cells and suppressing peripheral autoreactive T cells.
Due to these properties, vitamin D is believed to have a role
in the reduction of asthma-related morbidity as well as
prevention of asthma (6,7). Studies have shown a positive
correlation between vitamin D deficiency and severity of
asthma in asthma patients, longer hospitalizations and an
increased usage of emergency services due to shortness of
breath, and a deficiency of vitamin D in asthma patients (8-
11). However, these studies have generally been conducted
in the pediatric population, and the studies examining the
effect of vitamin D insufficiency on asthma are limited.
Therefore, this study was aimed to determine the
relationship between serum vitamin D levels and the
pulmonary functions in adult asthma patients.

MATERIAL AND METHODS

This retrospective study included 131 patients over the age
of 18 who had received an asthma diagnosis between 1
March 2019 and 1 June 2019 at the Chest Diseases
Polyclinic of the Training and Research Hospital at the
University of Health Sciences Antalya. Since serum
vitamin D levels may be affected by the time of year, all
the patients were selected from patients admitted in the
same season (spring). Pregnant, diabetic or cancer patients,
vitamin D supplement users and smokers who smoked
more than 10 packs/year were not included in the study.
The patient examination information filled in by the chest
disease specialist was accessed from the hospital information
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system: age, gender, underlying chronic diseases, smoking
status, asthma symptoms, asthma control test (ACT)
scores, serum vitamin D and serum IgE levels and body
mass indexes (BMIs) [body weight (kg)/height (m)?] were
calculated. The WHO criteria were used for the
classification of BMI (12). Patients with serum 25-
hydroxyvitamin D [25(OH)D] levels below 20 ng/mL
were classified as having a deficiency, those with 21-29
ng/mL as having an insufficiency, and those with 30
ng/mL and above as having normal serum vitamin D levels
(13). A Spiro Zan respiratory function test device was used
for spirometry evaluations. Forced expiratory volume
(FEV1), forced vital capacity (FVC), peak expiratory flow
(PEF), forced expiratory volume/forced vital capacity
(FEV1/FVC) and forced medium expiratory flow
(MEF2575) values were used in the study.

ACT results recorded during the examination were utilized
to evaluate the control of asthma-related symptoms. The
ACT is a questionnaire that evaluates how well asthma has
been controlled, and its Turkish version has been tested for
validity and reliability. A score of 20 or more points
indicates that the asthma is “controlled” while 19 or fewer
points indicates that it is “uncontrolled” (14).

Ethical Committee (Training and Research Hospital,
University of Health Sciences Antalya) approval was
obtained on 7 November 2019 (Decision no. 24/4).
Statistical Analysis

The descriptive statistics are presented as frequencies,
percentage, mean, standard deviation, median, interquartile
range, and minimum-maximum values. The relationships
between serum vitamin D levels and ACT scores,
respiratory function parameters, serum IgE and eosinophil
levels were evaluated using the Pearson or Spearman
correlation test. The patients were divided into tertile
according to serum vitamin D levels. The Shapiro-Wilk
test was used in the normality test. The Kruskal-Wallis test
was used for non-parametric comparison of numerical
variables according to the tertiles, and the Dunn Bonferroni
post-hoc test was used for significant cases. The ANOVA
test was used to compare the tertiles where there was an
assumption of normal distribution. The independent
effects of vitamin D on different respiratory function
parameters were evaluated using the multiple linear
regression model. The effect of insufficient/deficiency
vitamin D level on respiratory function parameters and
ACT score was examined by logistic regression analysis.
The Hosmer-Lemeshow test was used to test the model’s
goodness of fit. The SPSS v.22.0 package program was
used in all statistical analyses and p<0.05 was considered
statistically significant.

RESULTS

The general characteristics of patients are shown in Table
1. It was determined that the majority of the patients
participating in the study (n=79, 60.3%) were female and
approximately half of all patients (n=56, 42.7%) were
between the ages of 18 and 33. 92 (70.2%) of the patients
had had asthma for 1-5 years and more than half of them
did not have any other chronic disease. In patients with
chronic diseases, hypertension (n=24, 18.3%), psychiatric
diseases (n=19, 14.5%) and gastritis/ulcer (n=10, 7.6%)
were the most common diseases. More than half of the

186



Keskin and Seremet Kiirklii

patients were found to be overweight (n=49, 37.4%) or
obese (n=31, 23.7%). According to the ACT score, the
majority of the patients were in the uncontrolled asthma
group (n=83, 63.4%) and serum vitamin D levels of 73.3%
(n=96) were deficient (<20 ng/mL). It was determined that
as the serum 25(OH)D levels of the patients increased, the
ACT scores (p=0.008), FVC (p=0.004) and PEF (p=0.051)
levels also increased. Although the BMI values of the
patients in the first tertile were the highest (28.1+£5.38
kg/m?) and those of the patients in the third tertile were the
lowest (26.6+4.81 kg/m?), this difference was not
statistically significant (p=0.291, Table 2).

Table 3 shows a positive, significant correlation between
serum vitamin D level and ACT scores (r=0.295, p=0.001),
FVC (r=0.294, p=0.001), FEV1 (r=0.217, p=0.022) and
PEF (r=0.180, p=0.040). In the multiple linear regression
analysis, it was found that each 1 ng/mL increase in vitamin
D level was associated with an increase of 0.176 units in
FVC (p=0.005), 0.158 L in FEV1 (p=0.028) and 0.544
point in ACT score (p=0.024, Table 4). Table 5 shows the
association of the vitamin D insufficiency with the
respiratory function parameters and the ACT score.
Accordingly, it was determined that as the serum vitamin
D levels increased, the patients’ FVCs also increased
(OR=1.056, 95% CI=1.003-1.113, p=0.038). Although the
change was not statistically significant (p=0.081), as serum
vitamin D levels increased, the ACT scores also increased.

Asthma and Vitamin D

Table 1. General characteristics of patients, n (%)
Sex

Male 52 (39.7)

Female 79 (60.3)
Age (year)

18-33 56 (42.7)

34-49 41 (31.3)

50-65 34 (26.0)
Asthma Year

1-5 years 92 (70.2)

> 6 years 39 (29.8)
Asthma treatment

Receiving ICS treatment 107 (81.7)

Not receiving ICS treatment 24 (18.3)
Chronic disease status

None 78 (59.5)

Hypertension 24 (18.3)

Psychiatric 19 (14.5)

Gastritis/ulcer 10 (7.6)
Body mass index (kg/m?)

Normal 51 (38.9)

Overweight 49 (37.4)

Obese 31 (23.7)
Asthma severity

Controlled (ACT >20) 48 (36.6)

Uncontrolled (ACT <19) 83 (63.4)
Serum 25(OH)D (ng/mL)

Deficient (<20 ng/mL) 96 (73.3)

Insufficient (20.1-29.9 ng/mL) 35 (26.7)

ICS: inhaled corticosteroids, ACT: asthma control test, 25(OH)D: 25-hydroxyvitamin D

Table 2. The asthma control test score, pulmonary function parameters, IgE, eosinophils and body mass index of patients

according to serum vitamin D levels

Tertile 1 (n=43) Tertile 2 (n=43) Tertile 3 (n=45) p
ACT score 19.542.8 20.943.1 21.5+2.8 0.008
FvC 85 (19) [57-107] 89 (26) [59-125] 94 (13) [56-138] 0.004
FEV1 82.6+14.3 87.5+17.0 89.5+11.9 0.104
FEV1/FVC 103.4+12.9 103.4+11.1 101.249.3 0.553
PEF 66.8+17.9 73.3£19.9 75.6+£16.4 0.051
MEF2575 71.0+£25.5 78.3+£26.5 75.4£22.6 0.397
IgE 99 (113) [17-694] 110 (152) [17-603] 141 (130) [17-1660] 0.573
Eosinophils 200 (200) [0-600] 100 (200) [0-1000] 200 (300) [0-1000] 0.285
BMI (kg/m?) 28.1+£5.4 26.7+4.9 26.6+4.8 0.291

Tertile ranges are as follows: Tertile 1: <13.89 ng/mL, Tertile 2: 13.9-19.3 ng/mL, Tertile 3: 19.31-29.9 ng/mL, normally distributed variables are presented as mean+standard
deviation while not-normally distributed variables are presented as median, interquartile range, and minimum-maximum, ACT: asthma control test, FVC: forced vital
capacity, FEV1: forced expiratory volume, PEF: peak expiratory flow, MEF2575: forced medium expiratory flow, BMI: body mass index

Table 3. Correlation between serum vitamin D level and

Table 4. Multiple linear regression analysis of the

asthma control test score, respiratory function parameters, relationship between serum vitamin D levels and
serum IgE, eosinophils and body mass index pulmonary function parameters
r p B SE Beta t p 95% ClI

ACT score 0.295 0.001
FVC 0.294 0.001 Constant  6.680 3.110 2.148 0.034 0.525 12.835
FEV1 0.217 0.022 ACT score 0544 0.239 0.275 2.278 0.024 0.071 1.016
FEV1/FVC -0.143 0.140
PEF 0.180 0.040 FVC 0.176 0.062 0.432 2.844 0.005 0.053 0.298
MEF2575 0.090 0.309

FEV1 0.158 0.071 0.417 2.222 0.028 0.300 0.017
IgE 0.068 0.440
Eosinophils 0.080 0.364 PEF 0.029 0.034 0.090 0.840 0.403 -0.039 0.097
BMI (kg/m?) -0.109 0.217 F=2.403, p=0.010, p: coefficient of regression, SE: standard error, Cl: confidence

FVC: forced vital capacity, FEV1: forced expiratory volume, PEF: peak expiratory
flow, MEF2575: forced medium expiratory flow, BMI: body mass index

interval, ACT: asthma control test, FVC: forced vital capacity, FEV1: forced
expiratory volume, PEF: peak expiratory flow
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Table 5. Logistic regression analysis of the relationship
between vitamin D insufficiency and deficiency between
pulmonary function parameters and asthma control test score

OR 95% ClI p
FVvC 1.056 1.003 1.113 0.038
FEV1 0.955 0.899 1.015 0.138
PEF 1.001 0.973 1.030 0.960
ACT score 1.202 0.977 1.477 0.081

OR: odds ratio, FVC: forced vital capacity, FEV1: forced expiratory volume, PEF:
peak expiratory flow, ACT: asthma control test

DISCUSSION

This study found that the prevalence of vitamin D
insufficiency in the adult asthmatic population in Turkey
(Antalya) was quite high. At the same time, there was a
significant relationship between serum vitamin D level and
FVC, FEV1 and PEF.

The prevalence of asthma and the rates of vitamin D
insufficiency are increasing worldwide. Vitamin D is
thought to have a role in asthma pathogenesis because it
has immunomodulatory effects such as improving immune
system tolerance and maintaining epithelial barrier
integrity (15). In Turkey, vitamin D deficiency and
insufficiency were found in 76.4% in children with asthma
between the ages of 1-4, and in 90.6% of children in
another similar study (16,17). Although the number of
studies of asthmatic adults is quite limited, the prevalence
of vitamin D deficiency found in asthma patients in other
research is similar to that observed in our study (18-21). In
a study conducted on 435 adult asthma patients in China to
determine the relationship between serum vitamin D level
and pulmonary function, a significant relationship was
found between vitamin D deficiency (50 nmol/L) and
FEV1/FVC ratio and FEV1 (18). Similarly, Beyhan-
Sagmen et al. (19) suggested that the FEV1 levels of
asthmatic patients with serum vitamin D insufficiency in
Turkey were low and that there was a significant linear
relationship between vitamin D and FEV1. In one study,
every 22.7 mL increase in FEV1 was found to cause a 1
ng/mL increase in serum vitamin D (20). Despite this, 91%
of adult asthmatic patients in Costa Rica had serum
vitamin D levels below 30 nmol/L, and although there was
a linear relationship between serum vitamin D levels and
FEV1, this relationship was not statistically significant
(21). In a study involving 760 asthmatic patients in
Norway, a significant correlation between serum vitamin
D levels and FEV1 was observed only in males because
the males participating had a lower level of lung function
than the females (22). In this study, it was determined that
as the serum vitamin D levels of the asthma patients
increased, the FVC and PEF levels increased, and in
multiple linear regression analysis, each 1 ng/mL increase
in vitamin D level was associated with an increase of 0.176
Lin FVC, 0.158 L in FEV1 and 0.544 point in ACT score.
Obesity causes the emergence of asthma as a result of its
mechanical and inflammatory effects and increases the
severity of asthma over time. Patients with a BMI of 35 or
more are reported to be approximately twice as much at
risk of asthma (23). There is evidence that the active form
of vitamin D modulates intracellular ionized calcium
signaling in adipocytes, inhibits uncoupling protein-2
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(UCP-2), decreases lipolysis, and increases lipogenesis.
Accordingly, vitamin D deficiency is thought to play an
important role in the development of obesity (24). In our
study, more than half of the patients with asthma were
found to be overweight (n=49, 37.4%) or obese (n=31,
23.7%). In addition, although it was determined that
patients' BMIs increased as their serum vitamin D levels
decreased, this difference was not found to be statistically
significant. Sutherland et al. (20) stated that each unit
increase in BMI in adult asthmatic patients caused a
decrease in serum vitamin D level of 0.71 ng/ml and that
there was a strong inverse correlation between serum
vitamin D levels and BMI, especially in asthmatic patients
not receiving inhaled corticosteroid (ICS) therapy. This
was associated with higher obesity rates in asthmatic
patients not receiving ICS treatment compared to other
groups. Despite this, similarly to our study, Li et al. (18)
observed lower serum vitamin D levels in asthmatic
patients who were obese, but reported that this relationship
was not significant. The fact that the sample of our study
was small and that more than one-third of the patients had
a normal BMI may explain why this relationship was not
significant.

The ACT is the most commonly used test today, is easily
understood by patients and their families and shows the
severity of the asthma (25). It has been stated that there is
a relationship between serum vitamin D levels and clinical
parameters such as asthma severity, exacerbation,
admission to an emergency department and number of
hospitalizations (16,26,27). Studies in children have
shown that serum vitamin D deficiency exacerbates
asthma by 2.6 times (26) and hospital or emergency
department admission by 1.5 times (9) compared to the
previous year. Few studies have determined the
relationship between asthma control and serum vitamin D
levels in adults. While there was no relationship between
serum vitamin D level and ACT scores in one study, when
classified according to serum 25(OH)D levels, ACT scores
were reported to be lower in the group with severe vitamin
D deficiency (19). In one study conducted with the elderly,
the serum vitamin D levels of patients in the uncontrolled
asthmatic group were shown to be lower than those of
patients in the controlled group (28). In this study, it was
determined that as the serum 25(OH)D levels of the
patients increased, the ACT scores also increased, and that
there was a low-level, positive and significant relationship
between the ACT scores and serum vitamin D level.

In randomized controlled studies, vitamin D supplements
at different doses were found to increase serum 25(OH)D
levels (29,30), decrease exacerbation rates of asthma and
increase ACT scores (28,30,31), and positively affect
FEV1 (31,32).

However, some limitations should be noted. First, since
the study is retrospective, there was no record of the
nutrient consumption of patients and the amount of
vitamin D taken in orally could not be calculated. In
addition, the patients were not asked about the amount of
time they had spent in the sun. Nevertheless, the fact that
patients constituting the sample of the study were admitted
in the same season (spring) is one of the strengths of the
study. Another limitation of the study was the low number
of samples and the fact that it was a cross-sectional
retrospective study.
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CONCLUSION

This study tried to explain the role of vitamin D in adult
asthma patients. It was determined that vitamin D
deficiency was frequently found in adults with asthma and
there was a relationship between vitamin D deficiency and
pulmonary function. In addition, it was determined that
patients with high serum vitamin D levels have a better
asthma course. Since the results of this study are thought
to have been affected by factors such as diet, exposure to
sun, etc., further studies are recommended that consider
multiple factors that may affect the relationship between
asthma and vitamin D.
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Hospital (07.11.2019, 24/4).
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