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ABSTRACT
Aims: Vitamin D plays a role in controlling the function of vascular smooth muscle and
endothelial cells, even in the pulmonary artery. We hypothesized that pulmonary artery
elasticity were comprimised in individuals with relatively low vitamin D levels.
Methods: Adult individuals with the complaint of shortness of breath were enrolled. They were
divided into 2 groups according to vitamin D levels, with a cut-off of 20 ng/mL. Pulmonary
artery stiffness (PAS) was calculated using the following formula: PAS (kHz/sec) = maximal
frequency shift/pulmonary acceleration time. The six-minute walk distance (6MWD) was used
to assess the functional exercise capability of subjects.
Results: A total of 71 individuals (male: 31%) were enrolled. Subjects with low vitamin D
levels had lower 6MWD than subjects with higher vitamin D levels (443.58±56.20 m vs.
483.20±58.43 m, p=0.007). The PAS was significantly higher in individuals with vitamin D level
<20 ng/mL compared with subjects with vitamin D level > 20 ng/mL (11.65±3.76 vs. 9.46±2.53,
respectively, p=0.011). Multiple regression showed that vitamin D level was inversely associated
with PAS (β=-0.280, p=0.009).
Conclusions: We found that PAS was associated with lower vitamin D levels. Vitamin D
deficiency might involved in the dynamics of the pulmonary artery vasculature, even in the
absence of significant pulmonary artery pressure elevation.

Introduction
Vitamin D plays a crucial role in developing skeletal function
and integrity by controlling calcium homeostasis and bone

diseases (5). Nevertheless, low vitamin D levels were associated
with significant deterioration in respiratory functions, exercise
capacity, and related quality of life (6).

mineralization. The deficiency of vitamin D is a foremost public

Pulmonary hypertension (PH) is a heterogeneous disorder

health problem worldwide. Its overall incidence is about 30-

described by a progressive increase in pulmonary artery pressure

50% (1), exceeding 50% in some studies (2). Vitamin D has

and pulmonary vascular resistance leading to right heart failure

functions other than bone metabolism, and vitamin D deficiency

and reduced cardiac output (7). This hemodynamic definition of

is involved in autoimmune disorders, infectious diseases,

PH includes mean pulmonary artery pressure (mPAP) ≥25 mm

inflammatory diseases, metabolic diseases, and certain types of

high, pulmonary capillary wedge pressure ≤15 mm high, and

cancer types (3,4). Additionally, recent studies have shown that

pulmonary vascular resistance greater than or equal to 3 Wood

vitamin D levels are associated with cardiovascular risk factors

units. Nevertheless, the 6th World Symposium, held in Nice,

(age, obesity, diabetes mellitus, chronic kidney disease) and,

France, in 2018, suggested taking mPAP >20 mmHg for the

thereby, may contribute to the development of cardiovascular

definition and treatment of PH (8). While the clinical significance
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of those with PAP >20 mmHg is obvious, it is unclear how the
pathophysiology and clinical course are affected in those with
shortness of breath and PAP <20 mmHg.
Pulmonary arterial stiffness (PAS) is a novel echo parameter
used to guess the pulmonary arterial vasculature’s elastic
properties. In this technique, the elasticity of the pulmonary
artery is computed using a method for defining aortic stiffness (9).
Although there are a restricted number of studies investigating
the relationship between vitamin D levels and respiratory
functions in the literature, there is no study investigating the
relationship between PAS and vitamin D levels.
Since vitamin D is involved in the regulation of vascular
smooth muscle and endothelial cell functions, we assumed
that the elasticity of the pulmonary artery might be disturbed in
adults individuals with relatively low levels of vitamin D. Hence,
this study aimed to investigate the PAS changes with varying
degrees of vitamin D levels in adult individuals with dyspnea but
no PH (mPAP <20 mmHg at rest).

Methods
Patient selection
Adult individuals admitted with complaints of shortness of
breath and who agreed to participate in this study were enrolled.
The baseline demographic, clinical, and biochemical data
were obtained from the hospital registry system. Individuals
with abnormal hemogram and biochemical parameters (such
as anemia, kidney, and liver function abnormalities), coronary
artery disease, congenital heart disease, heart failure (ejection
fraction below 50%), prominent valvular heart disease,
previous history of any heart surgery, atrial fibrillation, diabetes
mellitus, hypertension, mPAP higher than 20 mmHg, chronic
thromboembolic PH, chronic obstructive pulmonary disease,
chronic liver and renal failure, bone mineral disorders, systemic
inflammatory disease, and medication may affect vitamin D
level were excluded from the study. Also, elderly patients were
excluded from this article to avoid the effect of comorbidities and
possible vascular aging outcomes on shortness of breath.
We divided 71 individuals into 2 groups according to their
vitamin D levels. A 20 ng/mL cut-off of plasma 1,25-dihydroxy
vitamin D3 levels was decided. Group 1 consisted of individuals
with a 1,25-dihydroxy vitamin D3 <20 ng/mL, while group 2
consisted of individuals with a 1,25-dihydroxy vitamin D3 ≥20
ng/mL.
Echocardiography
We peroformed transthoracic echocardiography using a
Vivid S70 ultrasound system (GE Healthcare) using a 3.5 MHz
transducer in the left lateral decubitus position at the end of
the expiration. Echocardiographic images were saved digitally
and analyzed offline by two separate blinded investigators.

Echocardiography measurements were obtained according to
the standard criteria. Subsequently, the next steps were made
to measure PAS. First, pulse-wave Doppler sample volume
was placed just 1 cm distal to the pulmonary valve annulus at a
speed of 100 mm/sec from the parasternal short axis view and
the Doppler flow trace of the pulmonary artery was recorded.
Second, Doppler frequency shift, acceleration time (AcT),
maximum flow velocity (MFV), and velocity time integral of the
pulmonary artery Doppler flow trace were measured. Later, PAS
was computed according to the formerly defined formula as the
ratio of MFV to pulmonary AcT: PAS (kHz/sec) = MFV/AcT (9).
The study was conducted in accordance with the guidelines
of the Declaration of Helsinki and Good Clinical Practice/
International Conference on Harmonization and was approved
by the Non-Interventional Research Ethics Committee of the
University of Health Sciences Türkiye (protocol number: 19/280,
date: 25.06.2019). Informed consent was obtained from the
participants before enrolling in the study.
Six-minute walk test
The six-minute walk test (6MWT) according to the instructions
of the American Thoracic Society is measured to estimate
the functional exercise capacity of individuals (10). A suitable
hospital corridor was selected for a safe test. Subjects were
warned to walk as fast as they could, and a six-minute walking
distance (6MWD) was calculated at the end of the test. Also,
pulse, respiratory rate, blood pressure, and perceived fatigue on
Borg’s scale were measured before the test and at the end of
the test. Chest pain, severe shortness of breath, dizziness, and
sudden pallor was determined as test interruption criteria.
Statistical Analysis
Statistical Package for the Social Sciences (SPSS) program
for Mac, version 26.0 (Chicago, IL, USA) was used for all
statistical analyses and calculations. All the data are transferred
to a computer. Numeric variables are presented as means
(standard deviation) and categorical variables as percentage
values. The distribution of data was assessed graphically and
statistically by the Kolmogorov-Smirnov test. For quantitative
data with normal distribution Student’s t-test was used and
the Mann-Whitney U test was used for data without normal
distribution. The chi-square test or Fisher’s Exact test was used
for categorical variables. Pearson’s correlation analysis was
used for univariate correlation with PAS and, subsequently, a
multivariate linear regression model with backward selection
was performed to ascertain independent predictors of PAS. A p
<0.05 agreed to be statistically significant.

Results
A total of 71 individuals (males: 31%) were enrolled
in this study. Group 1 consisted of 46 individuals with a
1,25-dihydroxy vitamin D3 level <20 ng/mL (13 men, 28.3%),
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and group 2 consisted of 25 individuals with a 1,25-dihydroxy
vitamin D3 level >20 ng/mL (9 men, 36%). There were no
significant differences between the study groups concerning the
demographic characteristics and laboratory findings (Table 1).
During the 6MWT, the average distance achieved by subjects
with 1,25-dihydroxy vitamin D3 level <20 ng/mL was lower
than subjects with a 1,25-dihydroxy vitamin D3 level >20 ng/
mL (443.58±56.20 m vs. 483.20±58.43 m, p=0.007). When

we evaluated the individuals according to their smoking status
and gender, there was no significant difference between the
groups concerning 1,25-dihydroxy vitamin D3 levels and 6DWM
(p>0.05 for all).
There was no significant difference between the two groups
in terms of conventional echocardiography variables except
PAS (Table 2). PAS was considerably increased in individuals

Table 1. Baseline characteristics
1,25-dihydroxy vit D3 <20 ng/mL
(n=46)

1,25-dihydroxy vit D3 ≥20 ng/mL
(n=25)

p value

Age, years, mean±SD

28.1±7.5

31.5±8.2

0.083

Male, n (%)

13 (28.3)

9 (36)

0.501

BMI, (kg/m ), mean±SD

24.39±4.98

24.26±3.76

0.908

Smokers, n (%)

29 (63)

12 (48)

0.384

SBP (mmHg), mean±SD

116.60±12.99

115.64±8.91

0.741

DBP (mmHg), mean±SD

73.28±8.92

75.24±7.82

0.361

Fasting glucose, (mg/dL), mean±SD

92.32±36.14

88.92±14.18

0.653

LDL-C, (mg/dL), mean±SD

106.76±25.15

109.54±30.80

0.686

HDL-C, (mg/dL), mean±SD

50.93±11.91

50.29±10.71

0.825

Total-C, (mg/dL), mean±SD

169.80±46.49

178.45±41.25

0.446

Triglyceride, (mg/dL), mean±SD

118.84±76.50

105.29±44.21

0.427

eGFR (mL/min), mean±SD

101.50±13.54

96.71±25.65

0.306

Hemoglobin (g/dL), mean±SD

13.53±1.43

13.84±1.34

0.393

White blood cell count (10 /μL), mean±SD

6.83±1.46

6.75±1.64

0.384

Platelet count (103/μL), mean±SD

261.58±52.56

243.52±59.86

0.831

1,25-dihydroxy vitamin D3 (ng/mL),
mean±SD

11.24±4.77

37.85±16.71

<0.001

Calcium (mg/dL), mean±SD

9.40±0.32

9.43±0.43

0.732

Magnesium (mg/dL), mean±SD

1.99±0.14

1.98±0.14

0.785

6MWD (m), mean±SD

443.58±56.20

483.20±58.43

0.007

2

3

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, LDL-C: Low-density lipoprotein-cholesterol, HDL-C: High-density lipoprotein-cholesterol,
eGFR: Estimated glomerular filtration rate, 6MWD: Six-minute walk distance, SD: Standard deviation, vit D3: Vitamin D3, BMI: Body mass index

Table 2. Comparison of echocardiography variables
1,25-dihydroxy vit D3 <20 ng/mL
(n=46)

1,25-dihydroxy vit D3 ≥20 ng/mL
(n=25)

p value

LVIDd (mm), mean±SD

42.34±4.87

43.08±4.55

0.539

LVEF (%)

67.52±4.49

66.48±2.98

0.302

IVSd (mm), mean±SD

8.39±1.27

7.88±1.12

0.098

LA (mm), mean±SD

29.45±3.31

29.64±3.38

0.826

Aod (mm), mean±SD

24.78±3.14

25.76±3.39

0.228

Mitral E/A, mean±SD

1.51±0.39

1.50±0.38

0.890

Mitral E/E’, mean±SD

5.02±1.97

4.89±2.18

0.799

Tricuspid E/A, mean±SD

1.28±0.32

1.39±0.41

0.227

Tricuspid E/E’, mean±SD

4.86±1.56

4.94±1.61

0.854

TAPSE (mm), mean±SD

23.45±2.41

22.40±2.51

0.087

PAS (kHz/sec), mean±SD

11.65±3.76

9.46±2.53

0.011

LVIDd: Left ventricular internal diameter end diastole, LVEF: Left ventricular ejection fraction, IVSd: Interventricular septal thickness in diastole, LA: Left atrium,
Aod: Aortic root diameter, TAPSE: Tricuspid annular plane systolic excursion, PAS: Pulmonary artery stiffness, SD: Standard deviation, vit D3: Vitamin D3
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with 1,25-dihydroxy vitamin D3 level <20 ng/mL compared
with subjects with 1,25-dihydroxy vitamin D3 level <20 ng/mL
(11.65±3.76 vs. 9.46±2.53, p=0.011) (Table 2). There was a
significant correlation between 6MWD, 1,25-dihydroxy vitamin
D3, fasting glucose level, hemoglobin level, serum calcium
level, and PAS (for 6MWD and PAS r=-0.483, p<0.001; for
1,25-dihydroxy vitamin D3 and PAS r=-0.375, p=0.001; for
fasting glucose level and PAS r=0.316, p=0.007; for hemoglobin
level and PAS r=-0.266, p=0.025; for serum calcium level and
PAS r=-0.303, p=0.010). Also, there was a statistically moderate
correlation between 1,25-dihydroxy vitamin D3 level and 6MWD
(r=0.339, p=0.004) (Figure 1A-1C). In multiple regression
analysis using the backward method entering the independent
variables likely to affect the PAS (age, gender, body mass index,
systolic blood pressure, estimated glomerular filtration rate,
1,25-dihydroxy vitamin D3, fasting glucose, serum calcium,
hemoglobin, 6MWD, mitral EA ratio, tricuspid EA ratio, systolic
blood pressure), 1,25-dihydroxy vitamin D3 levels were inversely
associated with PAS (b=-0.280, p=0.009). Also, predictors of
increased PAS were higher fasting glucose levels (b=0.242,
p=0.019) and lower 6MWD (b=-0.293, p=0.010) (Table 3).
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Additionally, it has been suggested that vitamin D deficiency
has an unfortunate consequence on the pulmonary vascular
structure and function, aggravating endothelial dysfunction
with reduced NO-dependent relaxation to acetylcholine and
increased contractile response to 5-HT (24,25). This situation has
been explained by various studies. Downregulation of TASK-1
channels known to be expressed in the lung in pulmonary artery
smooth muscle cells, pulmonary endothelial, and epithelial cells
is a key event in PH pathogenesis (26,27). Also, in their animal

A

Discussion
This study revealed that the pulmonary artery’s elastic
properties tend to be compromised (as initial vascular alterations)
in individuals with low 1,25-dihydroxy vitamin D3 levels.
Vitamin D receptors are present all throughout the human
body in several tissue types (11). Since the detection of vitamin
D receptors in the cardiovascular system, such as vascular
endothelial cells, vascular smooth muscle cells, and cardiac
myocytes, there is increasing interest that vitamin D deficiency
might be an independent risk factor for cardiovascular and
pulmonary disease. Vitamin D may affect the cardiovascular
system in a few means. Several pathophysiological pathways
have been suggested to explain the relationship between low
vitamin D levels and poor cardiovascular function. Vitamin D
deficiency may have adverse effects on vascular functions by the
expression of inflammatory mediators, such as IL-6, or nuclear
factor kβ (12). Low levels of vitamin D have also been associated
with endothelial dysfunction, accelerated cellular calcium influx
and vascular calcification, smooth muscle proliferation, reduced
production of matrix metalloproteinase 2 and 9, increased
arterial stiffness and decreased vasoreactivity, expression
of LDL receptors on vessels and atherosclerosis, increased
oxidative stress, cytokine secretion, thromboembolism,
decrease in vascular endothelial growth factor and left
ventricular hypertrophy (13-23). Consequently, although it can
be said that there is a relationship between vitamin D deficiency
and vascular impairment, whether this association is a cause, or
a result is still controversial.

B

C

Figure 1. A) Correlations graphs between PAS and 1,25-dihydroxy
vitamin D3 level. B) Between PAS and a six-minute walk distance. C)
1,25-dihydroxy vitamin D3 level and six-minute walk distance
PAS: Pulmonary artery stiffness, vit D: Vitamin D, 6MWD: Six-minute walk distance
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Table 3. Univariate and multivariate regression analysis based on independent variables likely to affect the pulmonary artery
stiffness
Independent variables

Univariate analysis

Multivariate analysis

β

p

β

p*

6MWD

-0.483

<0.001

-0.293

0.010

1,25-dihydroxy vitamin D3

-0.375

0.001

-0.280

0.009

Fasting glucose

0.316

0.007

0.242

0.019

Serum calcium

-0.303

0.010

-0.116

0.271

Hemoglobin

-0.266

0.025

-0.180

0.080

*p-value at the last step in which the independent variables remained in the model.
6MWD: Six-minute walk distance

study, Callejo et al. (24) showed that a vitamin D-free diet caused
pulmonary artery muscularization, increased hyperreactivity to
5-HT, worsened endothelial function, reduced TASK-1 currents,
decreased KCNK3 mRNA expression and thus a moderate but
statically significant increase in mean PAP (24). Furthermore,
vitamin D may also act as an endogenous inhibitor of renin
biosynthesis, which has been reported as one of the important
mechanisms of PH by affecting the concentration of calcium in
juxtaglomerular cells (28).
Taken together, it can be considered that a low vitamin D
level may induce/accelerate/deteriorate pulmonary artery elastic
properties. To the best of our knowledge, there are no studies
have examined the role of vitamin D levels in PAS, although
there are a limited number of reports about the relationship
between vitamin D deficiency and PH. Consequently, bearing
in mind this evidence demonstrating the direct effect of vitamin
D on the endothelial function and vascular smooth muscle cells,
in our study, we examined the different levels of vitamin D on
PAS in subjects without PH to delineate the effects of vitamin
D on pulmonary vascular structure in detail. Our study is of
significance in this aspect. We found that decreased vitamin
D level was significantly negatively correlated with PAS in
individuals without overt PH.
The description of vitamin D status is debatable, with different
levels used throughout the literature. A wide variety of threshold
values have been used for vitamin D deficiency, but no definite
assumptions have been reached. Generally, a level of 20-30 ng/
mL is acceptable to indicate relative vitamin D deficiency and a
level >30 ng/L is acceptable to indicate adequate vitamin D (29).
For this study, we have considered plasma vitamin D levels <20
ng/mL as a severe deficiency.
Vitamin D replacement therapy is a low-cost treatment
method and has no notable adverse effects. While the exact
doses and duration of vitamin D are still uncertain, it is important
to maintain the circulating vitamin D value >30 ng/mL to observe
the beneficial effects on arterial stiffness (16). Although limited
data from small clinical studies have shown that vitamin D
therapy improves vascular markers such as endothelial function
and cardiovascular parameters, it is not exactly known whether

it improves pulmonary functions. Higher vitamin D status has
been found to be associated with good lung function through
an improvement in inspiratory muscle strength and maximum
oxygen uptake both in the general population and specifically
in patients with chronic obstructive pulmonary disease in
whom vitamin D deficiency is also common (30,31). Moreover,
Mirdamadi and Moshkdar (6) showed that vitamin D replacement
therapy was accompanied by significant improvement in right
ventricular size, 6MWD, and mPAP. Although the positive
effect of vitamin D treatment on pulmonary functions has been
demonstrated, albeit limited, we did not investigate the effects
of vitamin D treatment on PAS or other echo parameters in
our study. But still, we can speculate that vitamin D deficiency
might be considered a modifiable risk factor in individuals with
shortness of breath.
Study Limitations
First, the relatively small number of subjects is the main
limitation of our single-center study. These might be ambiguous
regarding the effect of vitamin D on PAS. Since our study
coincided with the Coronavirus disease-2019 outbreak, we
could not include the planned number of patients in the study.
However, we believe that our findings may inspire further
studies to clarify the effect of vitamin D on PAS. Second, since
we included adult individuals with atypical complaints, clinically
relevant biochemical parameters such as parathyroid hormone
level, brain natriuretic peptide level, and inflammatory markers
were not studied. Third, there is no agreement about the
average range of PAS by this technique. However, our results
were consistent with those of previous studies.

Conclusion
In conclusion, in our study, we found that PAS measured
echocardiographically might seem to be affected by the low level
of vitamin D. The measurement of vitamin D might be used to gain
insight into the mechanics of the pulmonary artery vasculature
and might be an early marker of pulmonary artery wall’s elastic
disruption, even in the absence of significant pulmonary artery
pressure elevation. Considering the high prevalence of vitamin
D deficiency in the general population, care to screen and
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treatment of vitamin D deficiency in individuals presenting with
shortness of breath is important. Further prospective studies with
long-term follow-up periods, preferably randomized controlled
trials, must clarify whether vitamin D deficiency is a causal and
reversible factor for increased PAS.
Ethics
Ethics Committee Approval: The study was approved
by the Non-Interventional Research Ethics Committee of the
University of Health Sciences Türkiye (protocol number: 19/280,
date: 25.06.2019).
Informed Consent: Informed consent was obtained from all
participants before enrolling in the study.
Peer-review: Externally peer-reviewed.
Authorship Contributions
Concept: H.T., M.Ç., Design: H.T., E.M., Ö.E., S.E., M.Ç.,
Data Collection or Processing: H.T., M.S.K., O.K., F.B., S.A.,
Analysis or Interpretation: H.T., E.M., Ö.E., S.E., S.A., Literature
Search: Ö.E., O.K., F.B., S.A., Writing: H.T., M.Ç.
Conflict of Interest: No conflict of interest was declared by
the authors.
Financial Disclosure: The authors declare that this study
received no financial support.

References
1.

LeBlanc ES, Chou R, Pappas M. Screening for vitamin D
deficiency. Ann Intern Med. 2015;162:738.

2.

Hovsepian S, Amini M, Aminorroaya A, Amini P, Iraj B.
Prevalence of vitamin D deficiency among adult population of
Isfahan City, Iran. J Health Popul Nutr. 2011;29:149-155.

3.

Grandi NC, Breitling LP, Brenner H. Vitamin D and
cardiovascular disease: systematic review and meta-analysis
of prospective studies. Prev Med. 2010;51:228-233.

4.

Yin L, Grandi N, Raum E, Haug U, Arndt V, Brenner H. Metaanalysis: serum vitamin D and breast cancer risk. Eur J
Cancer. 2010;46:2196-2205.

5.

DeLuca HF. Overview of general physiologic features
and functions of vitamin D. Am J Clin Nutr. 2004;80(6
Suppl):1689-1696.

6.

Mirdamadi A, Moshkdar P. Benefits from the correction of
vitamin D deficiency in patients with pulmonary hypertension.
Caspian J Intern Med. 2016;7:253-259.

7.

Simonneau G, Galie N, Rubin LJ, et al. Clinical classification of
pulmonary hypertension. J Am Coll Cardiol. 2004;43(12 Suppl
S):5-12.

8.

Galie N, McLaughlin VV, Rubin LJ, Simonneau G. An overview
of the 6th World Symposium on Pulmonary Hypertension. Eur
Respir J. 2019;53:1802148.

9.

Görgülü S, Eren M, Yildirim A, et al. A new echocardiographic
approach in assessing pulmonary vascular bed in patients with

congenital heart disease: pulmonary artery stiffness. Anadolu
Kardiyol Derg. 2003;3:92-97.
10. ATS Committee on Proficiency Standards for Clinical
Pulmonary Function Laboratories. ATS statement: guidelines
for the six-minute walk test. Am J Respir Crit Care Med.
2002;166:111-117.
11.

Jones G, Strugnell SA, DeLuca HF. Current understanding of
the molecular actions of vitamin D. Physiol Rev. 1998;78:11931231.

12. Aydogdu S. Association between Vitamin D and arterial
stiffness. Turk Kardiyol Dern Ars. 2016;44:279-280.
13. Almerighi C, Sinistro A, Cavazza A, Ciaprini C, Rocchi G,
Bergamini A. 1Alpha,25-dihydroxyvitamin D3 inhibits CD40Linduced pro-inflammatory and immunomodulatory activity in
human monocytes. Cytokine. 2009;45:190-197.
14. Artaza JN, Norris KC. Vitamin D reduces the expression of
collagen and key profibrotic factors by inducing an antifibrotic
phenotype in mesenchymal multipotent cells. J Endocrinol.
2009;200:207-221.
15. Cardus A, Parisi E, Gallego C, Aldea M, Fernandez E,
Valdivielso JM. 1,25-Dihydroxyvitamin D3 stimulates vascular
smooth muscle cell proliferation through a VEGF-mediated
pathway. Kidney Int. 2006;69:1377-1384.
16. Chen NC, Hsu CY, Mao PC, Dreyer G, Wu FZ, Chen CL.
The effects of correction of vitamin D deficiency on arterial
stiffness: A systematic review and updated meta-analysis
of randomized controlled trials. J Steroid Biochem Mol Biol.
2020;198:105561.
17. Delvin EE, Lambert M, Levy E, et al. Vitamin D status is
modestly associated with glycemia and indicators of lipid
metabolism in French-Canadian children and adolescents. J
Nutr. 2010;140:987-991.
18. Dusso AS, Brown AJ, Slatopolsky E. Vitamin D. Am J Physiol
Renal Physiol. 2005;289:8-28.
19. Entezari-Maleki T, Hajhossein Talasaz A, Salarifar M, et al.
Plasma Vitamin D Status and Its Correlation with Risk Factors
of Thrombosis, P-selectin and hs-CRP Level in Patients
with Venous Thromboembolism; the First Study of Iranian
Population. Iran J Pharm Res. 2014;13:319-327.
20. Sarkar S, Chopra S, Rohit MK, Banerjee D, Chakraborti A.
Vitamin D regulates the production of vascular endothelial
growth factor: A triggering cause in the pathogenesis of
rheumatic heart disease? Med Hypotheses. 2016;95:62-66.
21. Schmidt N, Brandsch C, Schutkowski A, Hirche F, Stangl GI.
Dietary vitamin D inadequacy accelerates calcification and
osteoblast-like cell formation in the vascular system of LDL
receptor knockout and wild-type mice. J Nutr. 2014;144:638646.
22. Zagura M, Serg M, Kampus P, et al. Aortic stiffness and vitamin
D are independent markers of aortic calcification in patients
with peripheral arterial disease and in healthy subjects. Eur J
Vasc Endovasc Surg. 2011;42:689-695.
23. Jablonski KL, Chonchol M, Pierce GL, Walker AE, Seals
DR. 25-Hydroxyvitamin D deficiency is associated with
inflammation-linked vascular endothelial dysfunction in middleaged and older adults. Hypertension. 2011;57:63-69.

326

Taşkan et al. Vitamin D and pulmonary function

24. Callejo M, Mondejar-Parreno G, Morales-Cano D, et al.
Vitamin D deficiency downregulates TASK-1 channels and
induces pulmonary vascular dysfunction. Am J Physiol Lung
Cell Mol Physiol. 2020;319:627-640.

28. Li YC, Kong J, Wei M, Chen ZF, Liu SQ, Cao LP.
1,25-Dihydroxyvitamin D(3) is a negative endocrine regulator
of the renin-angiotensin system. J Clin Invest. 2002;110:229238.

25. Demir M, Uyan U, Keçeoçlu S, Demir C. The relationship
between vitamin D deficiency and pulmonary hypertension.
Prague Med Rep. 2013;114:154-161.

29. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357:266281.

26. Gurney AM, Osipenko ON, MacMillan D, McFarlane KM, Tate
RJ, Kempsill FE. Two-pore domain K channel, TASK-1, in
pulmonary artery smooth muscle cells. Circ Res. 2003;93:957964.
27. Antigny F, Hautefort A, Meloche J, et al. Potassium Channel
Subfamily K Member 3 (KCNK3) Contributes to the
Development of Pulmonary Arterial Hypertension. Circulation.
2016;133:1371-1385.

30. Mahlin C, von Sydow H, Osmancevic A, et al. Vitamin D status
and dietary intake in a Swedish COPD population. Clin Respir
J. 2014;8:24-32.
31. Persson LJ, Aanerud M, Hiemstra PS, et al. Chronic obstructive
pulmonary disease is associated with low levels of vitamin D.
PLoS One. 2012;7:e38934.

