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Abstract
Aim: Recent studies show that vitamin D deficiency may play a role in the pathogenesis of 
various diseases, including Alzheimer’s disease, Parkinson’s disease, multiple sclerosis, diabetes 
mellitus, and cardiovascular diseases. In this study, we aimed to investigate the relationship be-
tween vitamin D levels and levels of serum endocan and asymmetric dimethylarginine (ADMA) 
as early cardiovascular risk markers in individuals with no history of chronic illness. 
Materials and Methods: Two groups of participants were formed: Group 1 consisting of individu-
als with a vitamin D level <10 ng/ml (n=42) and Group 2 consisting of those with a vitamin D level 
>30 ng/ml (n=35). The two groups were compared in terms of body mass index (BMI) and levels 
of serum vitamin D, endocan, and ADMA. 
Results: No significant difference was found between the groups in terms of age, sex, and BMI 
(p=0.67, p=0.69, p=0.052, respectively). The mean serum ADMA level was 104.5±44 μmol/L for 
Group 1 and 90.42±29 μmol/L for Group 2 (p=0.31). The mean endocan level was 549.5±245 
ng/L for Group 1 and 465.99±207 ng/L for Group 2 (p=0.12). There was a significant negative 
correlation between vitamin D and endocan levels (r=-0.26, p=0.02). 
Discussion and Conclusion: No significant difference was observed in participants with low 
levels of vitamin D. Accordingly, vitamin D deficiency was not found to have a significant effect 
on endothelial dysfunction. 
Keywords: ADMA; endocan; endothelial dysfunction; vitamin D deficiency 

Öz
Amaç: Güncel çalışmalar D vitamini eksikliğinin Alzheimer hastalığı, Parkinson hastalığı, multipl 
skleroz, diyabet ve kardiyovasküler hastalıklar gibi birçok hastalığın oluşumunda rolü olabilece-
ğini göstermektedir. Biz de bu çalışmada kronik hastalık öyküsü olmayan bireylerde D vitamini 
düzeyi ile erken kardiyovasküler risk belirteçleri olan serum endokan ve asimetrik dimetilarjinin 
(ADMA) düzeyleri arasındaki ilişkiyi araştırmayı amaçladık.
Gereç ve Yöntemler: İki katılımcı grubu oluşturuldu: D vitamini düzeyi <10 ng/ml olan bireyler-
den oluşan Grup 1 (n=42) ve D vitamini düzeyi >30 ng/ml olanlardan oluşan Grup 2 (n=35). İki 
grup beden kitle indeksi (BKİ) ile serum D vitamini, endokan ve ADMA düzeyleri bakımından 
karşılaştırıldı. 
Bulgular: İki grup arasında yaş, cinsiyet ve BKİ bakımından anlamlı fark olmadığı saptandı (sı-
rasıyla p=0,67; p=0,69; p=0,052). Ortalama serum ADMA düzeyi Grup 1 için 104,5±44 μmol/L, 
Grup 2 için 90,42±29 μmol/L olarak tespit edildi (p=0,31). Ortalama endokan düzeyi ise Grup 1 
için 549,5±245 ng/L, Grup 2 için 465,99±207 ng/L idi (p=0,12). Vitamin D düzeyi ile endokan 
düzeyi arasında anlamlı negatif korelasyon saptandı (r=-0,26; p=0,02).
Tartışma ve Sonuç: D vitamini düzeyi düşük katılımcılarda anlamlı bir farklılık gözlenmemiştir. 
Buna göre, D vitamini eksikliğinin endotel disfonksiyonuna bir etkisinin saptanamadığı söyle-
nebilir. 
Anahtar Sözcükler: ADMA; D vitamini eksikliği; endokan; endotel disfonksiyonu 
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INTRODUCTION 
Recent studies show that vitamin D deficiency may 
play a role in the pathogenesis of various diseases, 
including Alzheimer’s disease, Parkinson’s disease, 
multiple sclerosis, diabetes mellitus, and cardiovas-
cular diseases (1). The vitamin D receptor (VDR) 
is found in almost all nucleated cells, such as the 
brain, pituitary, thyroid, breast, heart, liver, kidney, 
skin, colon and small intestine, prostate gland, and 
gonads, as well as osteoblasts, mononuclear cells, 
lymphocytes, and pancreatic islet cells. Increasingly 
more studies have shown that low levels of vitamin 
D can cause vascular inflammation and endothelial 
dysfunction, which is a predictor of future cardio-
vascular processes, and lead to the formation of 
foam cells and proliferation of smooth muscle cells, 
facilitating atherosclerosis. On the other hand, vi-
tamin D replacement is reported to provide an im-
provement in endothelial function (2,3). 

There are different markers that can be used to 
assess endothelial damage, two of which are asym-
metric dimethylarginine (ADMA) and endocan. 
Nitric oxide (NO), produced by the endothelium, is 
the most important vasodilator, and during endo-
thelial dysfunction its production is also disrupted. 
Factors involved in the local NO production in-
clude ADMA, which is an endogenous inhibitor of 
the NO synthase. ADMA levels have been shown 
to be a strong predictor of endothelial dysfunction 
(4). Similarly, endocan, a molecule released from 
endothelial cells, is associated with inflammation 
and endothelial dysfunction and has been shown to 
be significantly correlated with other inflammatory 
parameters (5). However, the relationship between 
vitamin D levels and endocan as well as ADMA 
has not been adequately investigated. Accordingly, 
in this study we aimed to explore the relationship 
between vitamin D levels and levels of endocan and 
ADMA as endothelial dysfunction indicators. 

MATERIALS AND METHODS

Sample selection
The study was a prospective cross-sectional study, 
and included volunteers aged between 25 and 65 

years who visited our internal medicine outpatient 
polyclinics for routine health-care examinations. 
We excluded patients with a history of cerebrovas-
cular incidents, diabetes mellitus, peripheral artery 
disease, acute and chronic infection, collagen tissue 
disease, inflammatory bowel disease (Crohn’s dis-
ease, ulcerative colitis), malignancy, hypo- or hy-
perthyroidism, chronic liver disease, portal hyper-
tension, anemia due to folic acid or vitamin B12 de-
ficiency, hemolytic anemia, coronary artery disease, 
ischemic heart disease, uncontrolled hypertension, 
chronic lung diseases (including COPD, bronchi-
ectasis, asthma, pulmonary hypertension); surgical 
treatment in the last 6 months; alcoholism and sub-
stance abuse; pregnancy and lactation; active bleed-
ing or thrombosis anywhere in the body; and use of 
corticosteroids, aspirin, clopidogrel, warfarin, beta-
blockers, and statin. Those who were severely obese 
(with a body mass index >35 kg/m2) and those who 
recently exercised heavily were also excluded. 

Study ethics 
The study protocol was approved by the Ethics 
Committee of the Bezmialem Foundation Univer-
sity. Informed consent was obtained from all volun-
teers prior to participation in the study. 

Biochemical parameters 
After 8 hours of fasting, blood samples were taken 
from the antecubital brachial vein by using a Vacu-
tainer blood collection tube. Then the samples were 
centrifuged at 3000 xg for 10 min. The sera obtained 
were transferred to Eppendorf tubes and stored at 
-80°C in the Bezmialem Foundation University Bio-
chemistry Laboratory until the analyses. On the day 
of analysis the tubes were brought to room tempera-
ture. The ADMA and endocan values in the samples 
were measured by ELISA on a plate reader (Thermo 
Scientific Multiskan FC, 2011-06, USA). 

All samples were studied at the Biochemistry 
Department of the Bezmialem Foundation Uni-
versity. Complete blood count (CBC) analysis was 
performed using the Sysmex XT 1800i instrument 
(ROCHE-2011, Kobe, Japan). Biochemical analyses 
were performed with the COBAS 8000 instrument 
(ROCHE-2007, Tokyo, Japan) and the COBAS-C 
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system kit. The levels of 25 OH vitamin D3 were 
analyzed with the kit (ROCHE-2014-34 Mannheim, 
Germany) and the COBAS E 601 hormone analyzer 
(ROCHE, 2010, Tokyo, Japan). The thyroid hor-
mone level was measured with Advia Centaur (Ad-
via-2013-Tarrytown, USA) and parathormone with 
Advia Centaur (2006-Dublin, Ireland). 

The procedures for the use of the ADMA ELISA 
Kit (Eastbiopharm, REF: CK-E11107) and Endo-
can (ESM-1) ELISA Kit (Eastbiopharm, REF: CK-
E11240) were as follows: The samples and kits were 
brought to room temperature before the work start-
ed. Six standards; the resulting stock was obtained 
by serial dilution of the standard stock. Fifty μl of 
the standards was added to the antibody-coated 
microplate wells. Then, 50 μL of Streptavidin-HRP 
was added to the standards. After pipetting the stan-
dard microplate, the serum samples were pipetted 
in order to give 40 μl of each buffer. Ten μl ADMA-
Antibody and 50 μl Streptavidin-HRP were placed 
on the serum samples, respectively. The microplate 
was covered and incubated at 37°C for 60 min. After 
preparing the 30X wash solution contained in the 
kit, the ELISA plate was washed 5 times at 350 μL 
in the washer. Fifty μl of Chromogen Solution and 
Chromogen Solution B were pipetted into all wells, 
respectively. Incubation was allowed for 10 minutes 
at 37°C without light. Fifty μl of Stop Solution was 
added to all wells. The microplate was read at 450 
nm absorbance within 10 min. The absorbance of 
the standards was determined, and a log-log plot 
was obtained with absorbance in the x-axis and 
concentration in the y-axis, and the results were ex-
pressed in pg/ml. 

Statistical analysis
All statistical analyses were performed using the 
SPSS (Statistical Package for Social Sciences) soft-
ware. Normal distribution was assessed by the Kol-
mogorov–Smirnov Z test. Depending on the type 
and distribution of the variables, descriptive statis-
tics were expressed in mean±standard deviation, 
number (percentage), and median (minimum–
maximum). The t-test and the Mann–Whitney 
U test were used to compare independent groups 
with and without normal distribution, respectively. 

Pearson’s chi-squared test was used in the analysis 
of categorical data. The relationship between nor-
mally and non-normally distributed variables was 
examined by the Pearson correlation coefficient 
and Spearman correlation coefficient, respectively. 
p<0.05 was considered statistically significant. Sta-
tistically significant values are shown in bold in the 
tables. 

RESULTS
A total of 165 volunteers (36 males, 129 females) 
were evaluated. Of these, only 40 had a vitamin D 
level >30 ng/ml, which could be considered ideal. 
The vitamin D levels were between 20 and 30 ng/
ml in 22, <20 ng/ml in 103, and  <10 ng/ml in 42 
individuals. 

For the study, two groups of participants were 
formed: Group 1 (the study group) with severe vi-
tamin D deficiency (vitamin D levels <10 ng/mL) 
consisted of 42 subjects (32 females, 10 males) and 
Group 2 (the control group) with normal levels 
of vitamin D consisted of 35 subjects (28 females, 
7 males). The mean participant age was 42.6±9.6 
years. The mean participant BMI was 29±5.6 kg/m2 
(30.2±5.2 kg/m2 for Group 1 and 27.6±5.8 kg/m2 for 
Group 2). There was no significant difference be-
tween the two groups in terms of sex, age, and BMI 
(p=0.69, p=0.67, p=0.052, respectively). 

Also, there was no significant difference be-
tween the two groups in terms of their history of 
smoking, a risk factor for endothelial dysfunction 
(p=0.58). Similarly, when the fasting glucose and 
HOMA-IR values were examined, no statistically 
significant difference was found. While the LDL-
cholesterol levels did not differ significantly, there 
was a significant difference between the two groups 
in terms of HDL-cholesterol and triglyceride levels 
(p=0.03, p=0.008, respectively). As vitamin D lev-
els decreased, HDL-cholesterol levels decreased and 
triglyceride levels increased (Table 1). 

The mean ADMA level was 104.5±44 μmol/L 
for Group 1 and 90.3±29 μmol/L for Group 2, with 
no significant difference between the two groups 
(p=0.31) (Figure 1) (Table 1). Similarly, the mean 
endocan level was 549.5±245 ng/L for Group 1 
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and 465.99±207 ng/L for Group 2, with no statisti-
cally significant difference (p=0.12) Serum endocan 
levels increased as vitamin D levels decreased and 
there was a significant negative correlation between 
the two parameters (Figure 2) (Table 1). 

We also evaluated the relationship between Ca, 
P, Mg, ALP, PTH and vitamin D,  well known for its 
effects on the musculoskeletal system and calcium 
metabolism. There was no statistically significant 
difference between the groups in terms of Ca, P, and 
Mg levels (p=0.92, p=0.06, p=0.73, respectively). 
However, when the serum ALP and PTH levels were 
compared, a significant difference was found be-
tween the groups (p=0.007, p<0.001, respectively). 
Both ALP and PTH levels increased as vitamin D 
levels decreased, showing a significant correlation 
(r=-0.32, p=0.006; r=-0.45, p<0.001) (Table 1). 

Also, when the groups were compared in terms 
of serum AST and ALT levels, it was seen that both 
AST and ALT levels increased as vitamin D levels 
decreased. While the serum AST values did not dif-

fer significantly, there was a significant difference 
between the groups in terms of serum ALT levels 
(p=0.22, p=0.02, respectively). Serum creatinine 
levels did not differ significantly between the groups 
(p=0.66) (Table 1). 

In order to detect vitamin D deficiency-related 
changes of inflammatory markers, we also compared 
the CRP and ESR levels and found no significant dif-
ference between the groups (p=0.6, p=0.89 respec-
tively). Similarly, there was no significant difference 
between the two groups in terms of thyroid-stimulat-
ing hormone (TSH) values (p=0.09) (Table 1). 

When the correlation between vitamin D levels 
and serum endocan, ADMA and other parameters 
was evaluated, there was a significant negative cor-
relation between vitamin D and endocan levels 
(r=-0.26, p=0.02), vitamin D and HOMA-IR levels 
(r=-0.2, p=0.047), serum vitamin D and serum tri-
glyceride levels (r=-0.28, p=0.015), serum vitamin 
D and serum ALT levels (r=-0.23, p=0.04), serum 
vitamin D and serum ALP levels (r=-0.32, p=0.006), 
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Table 1. Intergroup comparison of the patient data 
Variables Group 1

(Mean±SD)
Group 2 
(Mean±SD)

p Distribution type

25 (OH)2D3 (ng/ml) 5.63±2.25 52.99±27.13 Normal

Endocan (ng/L) 549.5±245 465.9±207 0.12 Normal

ADMA (μmol/L) 104.5±44 90.3±29 0.31 Non-normal 

HOMA-IR 2.4±1.2 1.9±1 0.15 Non-normal

Glucose (mg/dl) 92.8±10 92.4±8 0.88 Normal

Creatinine (mg/dl) 0.75±0.12 0.78±0.16 0.66 Non-normal

Triglyceride (mg/dl) 131.9±68 101.2±75 0.008 Non-normal

HDL-C (mg/dl) 49.1±11.5 54.8±11 0.034 Normal

LDL-C (mg/dl) 119.5±32 109.8±27 0.17 Normal

AST (U/L) 18.9±6 17.1±4 0.22 Non-normal

ALT (U/L) 23.6±13 17.8±7 0.02 Normal

ALP (U/L) 77.6±24 63.5±16 0.007 Normal

Ca (mg/dl) 9.5±0.26 9.5±0.36 0.92 Normal

P (mg/dl) 3.3±0.4 3.5±0.35 0.06 Normal

TSH (uIU/mL) 1.45±0.8 2.16±2 0.09 Non-normal

PTH (pg/ml) 79.16±29 50.4±19 <0.001 Normal

CRP (mg/dl) 0.34±0.3 0.34±0.4 0.6 Non-normal

ESR (mm/saat) 12.5±7 12.2±8.1 0.89 Normal

ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; Ca: calcium; CRP: C-reactive protein; ESR: 
erythrocyte sedimentation rate; HDL-C: high-density lipoprotein cholesterol; HOMA-IR: homeostatic model assessment for insulin resis-
tance; LDL-C: low-density lipoprotein cholesterol; P: phosphor; PTH: parathyroid hormone; TSH: thyroid-stimulating hormone
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and serum vitamin D and serum PTH levels (r=-
0.45, p<0.001) (Table 2), while no significant correla-
tion was found between serum endocan and ADMA 
values (r=0.19, p=0.1). 

DISCUSSION AND CONCLUSION
Many studies evaluating various factors that may 
lead to vitamin D deficiency report that the lack of 
exposure to sunlight and UV-B radiation, the pri-
mary source of vitamin D, is the main cause of the 
increase in the global prevalence of vitamin D defi-
ciency (6,7). In our study, we found that the rates of 
vitamin D deficiency and insufficiency were as high 
as 75% among our subjects. One reason for this could 
be that the participants were recruited during winter. 
A study for determining the seasonal fluctuation of 
vitamin D levels (8) found that the vitamin D defi-
ciency rate among health-care workers was 48.9% in 
summer and 71.5% in winter, similar to our findings. 

The main effect of vitamin D is on the calcium 
and bone metabolism. For the normal mineraliza-
tion of the bone, the absorption of calcium and phos-
phorus is achieved by the effect of active vitamin 

D. When the vitamin D level falls below a certain  
threshold, the significant reduction in the intestinal 
absorption of calcium results in an increase in the 
PTH release from the parathyroid glands, respon-
sible for the control of the blood and extracellular 
levels of ionized calcium (9). In our study, we found 
a significant difference between the two groups in 
terms of PTH and ALP values, in consistence with 
the literature. However, there was no significant dif-
ference between the calcium and phosphorus levels. 
Also, there was a negative correlation between vita-
min D levels and PTH and ALP, as expected. Our 
study showed the effects of vitamin D on the bone 
metabolism, as did previous studies. 

The high prevalence of diabetes mellitus in en-
demic areas where vitamin D levels are low sug-
gests a relationship between vitamin D and diabe-
tes. Studies have shown that vitamin D stimulates 
the pancreatic insulin production and secretion, 
and that low levels of vitamin D impair the glucose 
metabolism (10). An inverse relationship has been 
reported between all components of human meta-
bolic syndrome and 25 (OH) D levels (11,12). Over 
the years, decreases in vitamin D levels have been 

Anadolu Klin / Anatol Clin

116

Table 2. Correlation of vitamin D levels with endocan, ADMA, and other parameters

r p
Endocan (ng/L) -0.26 0.02
ADMA (μmol/L) -0.18 0.1
HOMA-IR -0.2 0.047
Glucose (mg/dl) -0.09 0.43
Creatinine (mg/dl) 0.1 0.45
Triglyceride (mg/dl) -0.28 0.015
HDL-C (mg/dl) -0.15 0.2
LDL-C (mg/dl) -0.16 0.17
AST (U/L) -0.12 0.3
ALT (U/L) -0.23 0.04
ALP (U/L) -0.32 0.006
Ca (mg/dl) 0.04 0.7
Mg (mg/dl) -0.19 0.09
P (mg/dl) 0.2 0.08
TSH (uIU/ml) 0.15 0.2
PTH (pg/ml) -0.45 <0.001

ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; Ca: calcium; CRP: C-reactive protein; ESR: eryth-
rocyte sedimentation rate; HDL-C: high-density lipoprotein cholesterol; HOMA-IR: homeostatic model assessment for insulin resistance; LDL-
C: low-density lipoprotein cholesterol; Mg: magnesium; P: phosphor; PTH: parathyroid hormone; TSH: thyroid-stimulating hormone
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associated with increased rates of hypertension, 
obesity, insulin resistance, and glucose intolerance 
(12). We did not observe a significant difference in 
HOMA-IR and fasting glucose values in our study; 
however, when we examined the correlation be-
tween vitamin D levels and HOMA-IR, we found a 
negative correlation. Since our study did not include 
obese patients, we think that the difference between 
the two groups is not as clear as we expected. 

The relationship between obesity and vitamin D 
deficiency is also one of the recently popular top-
ics. There have been studies showing that vitamin D 
regulates the expression of adiponectin, which plays 
a role in the insulin sensitization, and leptin, which 
has an important role in appetite control. Vitamin D 
also inhibits the cytokine release and inflammation 
of the adipose tissue by inhibiting the NF-κB signal-
ing pathway (11). The role of vitamin D in obesity 
and the metabolic syndrome is somewhat elucidat-
ed in light of these mechanisms. Although obesity 
is associated with vitamin D levels, there is not suf-
ficient scientific evidence that vitamin D deficiency 
predisposes to obesity. Although it can prevent obe-
sity to some extent, obese patients cannot be expect-
ed to lose weight only with vitamin D replacement. 
When we compared the groups with high and low 
levels of vitamin D, we found a remarkable differ-
ence between the two groups in terms of BMI, but 
this difference was not statistically significant, due 
to the fact that we excluded obese patients while re-
cruiting our study and control groups. 

Recent studies have reported that vitamin D de-
ficiency has disruptive effects on endothelial func-
tion (13). London et al. showed that endothelial 
dysfunction and susceptibility to aortic calcification 
increased in hemodialysis patients with vitamin 
D deficiency (14). A study in vitamin D receptor-
null (VDR-null) mice associated hypertension due 
to high renin levels and excessive cardiomyocyte 
stimulation leading to cardiac hypertrophy due to 
transmission disorder with vitamin D-associated 
signaling pathway (15). It has also been shown that 
1,25 (OH) 2D3 stimulates cardioprotective genes 
in smooth muscle cells and vascular endothelium. 
These findings explain the decrease in thrombogen-
esis and fibrinolysis seen in vivo (16). 

Although animal and observational studies have 
shown a relationship between low levels of vitamin D 
and hypertension as well as development of cardio-
vascular disease (CVD), cardiovascular benefits of vi-
tamin D supplementation have not been adequately 
demonstrated in randomized controlled trials (17). 
The association between vitamin D deficiency and 
CVD incidence seems to be a cause-and-effect rela-
tionship, but it is complicated by the fact that low 25-
OH D levels may be the result, rather than the cause, 
of CVDs. People with no CVD who are followed up 
remotely are more likely to have normal outdoor ac-
tivities than those with CVDs that require hospital-
ization. Regular exposure to sunlight allows them to 
have physiologically normal levels of vitamin D. This 
suggests that the association between vitamin D and 
CVDs might be an epiphenomenon (18). 

Figure 1. Comparison of ADMA levels according to groups

Figure 2. Comparison of endocan levels according to groups
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Recently, the role of ADMA in endothelial 
dysfunction development has also been studied 
(4,19,20). High plasma levels of ADMA have been 
associated with an increased risk of cardiovascular 
events in various patient groups and described as 
an independent risk factor (19). However, reports 
on the relationship between ADMA and vitamin D 
have been contradictory. Ngo et al. (21) found an 
inverse correlation between vitamin D and ADMA 
levels in an aging population. Maaty et al. (22) com-
pared patients with coronary artery disease and 
healthy controls and observed statistically lower 
levels of vitamin D in the patient group, though 
with no significant increase in the ADMA and 
SDMA levels. However, the hs-CRP and NO levels 
in the group with low vitamin D levels were found 
to be significantly high. In our study, we did not find 
statistically significant results in terms of vitamin D 
and ADMA levels, supporting the data of Maaty et 
al. Although there is a relationship between vitamin 
D and the NO system as described by Maaty et al., 
we also agree that this is not through the ADMA 
modulation. 

When we reviewed the literature, we could not 
find a previous study focused on the relationship 
between serum endocan levels and vitamin D insuf-
ficiency in a healthy population. However, a study 
conducted in patients with prominent hypothyroid-
ism reported a negative correlation between endo-
can levels and free T4 and vitamin D levels, while 
endocan levels showed a positive correlation with 
BMI, TSH, anti-thyroid peroxidase and anti-thyro-
globulin (23). When we reviewed a recently pub-
lished study including 38 patients who had a renal 
transplant at least 1 year before and who had vitamin 
D deficiency, there was a significant decrease in the 
endocan levels after vitamin D therapy (24). In our 
study, there was no significant difference between 
the groups with low and high levels of vitamin D, but 
we found a significant negative correlation between 
vitamin D and endocan levels. The number of our 
patients and other factors that we did not consider 
may have contributed to these results. 

Similarly, we could not find a previous study 
exploring the relationship between endocan and 
ADMA as markers of endothelial dysfunction. In 

our study, we found no correlation between endocan 
and ADMA levels. The reason for this might be that 
ADMA is more likely to act through the NO system 
and endocan effects via adhesion molecules by dif-
ferent mechanisms, such as the leukocyte migration 
and release of inflammatory cytokines (5,25). 

In conclusion, we showed that Vitamin D af-
fected the bone metabolism, in consistence with 
previous studies. Increased insulin resistance and 
high triglyceride and low HDL-cholesterol lev-
els, expected in people with vitamin D deficiency, 
are congruous with the expected cardiovascular 
risks. However, serum endocan and ADMA levels, 
thought to indicate endothelial dysfunction, did 
not show a significant difference in our participants 
with vitamin D deficiency. Therefore, our study sug-
gests that there might not be a relationship between 
vitamin D levels and endothelial dysfunction as 
seen in CVDs, or that endocan and ADMA could 
not be adequately used to evaluate that relationship. 
However, we think that more long-term follow-up 
studies are needed for more accurate information. 

Conflict of Interest and Financial Disclosure
The authors declare that they have no conflict of in-
terest to disclose. The authors also declare that they 
did not receive any financial support for the study. 

REFERENCES
1.	 Bikle D. Nonclassic actions of vitamin D. J Clin Endocri-

nol Metab. 2009;94:26–34.
2.	 Haussler MR, Whitfield GK, Haussler CA, Hsieh JC, 

Thompson PD, Selznick SH, et al. The nuclear vitamin D 
receptor: biological and molecular regulatory properties 
revealed. J Bone Miner Res. 1998;13:325–49.

3.	 Mozos I, Marginean O. Links between vitamin D de-
ficiency and cardiovascular diseases. Biomed Res Int. 
2015;2015:109275.

4.	 Tousoulis D, Georgakis MK, Oikonomou E, Papageor-
giou N, Zaromitidou M, Latsios G, et al. Asymmetric 
dimethylarginine: clinical significance and novel thera-
peutic approaches. Curr Med Chem. 2015;22:2871–901.

5.	 Balta S, Mikhailidis DP, Demirkol S, Ozturk C, Celik T, 
Iyisoy A. Endocan: a novel inflammatory indicator in 
cardiovascular disease? Atherosclerosis. 2015;243:339–
43.

Anadolu Klin / Anatol Clin

118



Anatolian Clinic Journal of Medical Sciences, May 2020; Volume 25, Issue 2

6.	 Holick MF. The vitamin D epidemic and its health con-
sequences. J Nutr. 2005;135:2739S–48S.

7.	 Schwalfenberg G. Not enough vitamin D: health 
consequences for Canadians. Can Fam Physician. 
2007;53:841–54.

8.	 Haliloglu O, Kasaci T, Yavuz D. Seasonal vitamin D sta-
tus and endothelial function in healthcare workers. Turk 
J Med Sci. 2016;46:72–8.

9.	 Li YC, Amling M, Pirro AE, Priemel M, Meuse J, Baron 
R, et al. Normalization of mineral ion homeostasis by di-
etary means prevents hyperparathyroidism, rickets, and 
osteomalacia, but not alopecia in vitamin D receptor-
ablated mice. Endocrinology. 1998;139:4391–6.

10.	 Mathieu C, Gysemans C, Giulietti A, Bouillon R. Vita-
min D and diabetes. Diabetologia. 2005;48:1247–57.

11.	 Abbas MA. Physiological functions of vitamin D in adi-
pose tissue. J Steroid Biochem Mol Biol. 2017;165:369–81.

12.	 Yetley EA. Assessing the vitamin D status of the US pop-
ulation. Am J Clin Nutr. 2008;88:558S–64S.

13.	 Holick MF. Vitamin D: extraskeletal health. Endocrinol 
Metab Clin North Am. 2010;39:381–400. 

14.	 London GM, Guerin AP, Verbeke FH, Pannier B, Bout-
ouyrie P, Marchais SJ, et al. Mineral metabolism and ar-
terial functions in end-stage renal disease: potential role 
of 25-hydroxyvitamin D deficiency. J Am Soc Nephrol. 
2007;18:613–20.

15.	 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;110:229–38.

16.	 Bouillon R, Bischoff-Ferrari H, Willett W. Vitamin D 
and health: perspectives from mice and man. J Bone 
Miner Res. 2008;23:974–9.

17.	 Theodoratou E, Tzoulaki I, Zgaga L, Ioannidis JP. Vita-
min D and multiple health outcomes: umbrella review of 
systematic reviews and meta-analyses of observational 
studies and randomised trials. BMJ. 2014;348:g2035.

18.	 Al Mheid I, Patel RS, Tangpricha V, Quyyumi AA. Vita-
min D and cardiovascular disease: is the evidence solid? 
Eur Heart J. 2013;34:3691–8.

19.	 Schulze F, Lenzen H, Hanefeld C, Bartling A, Osterziel KJ, 
Goudeva L, et al. Asymmetric dimethylarginine is an in-
dependent risk factor for coronary heart disease: results 
from the multicenter Coronary Artery Risk Determina-
tion investigating the Influence of ADMA Concentration 
(CARDIAC) study. Am Heart J. 2006;152:493.e1–8.

20.	 Beltowski J, Kedra A. Asymmetric dimethylarginine 
(ADMA) as a target for pharmacotherapy. Pharmacol 
Rep. 2006;58:159–78.

21.	 Ngo DT, Sverdlov AL, McNeil JJ, Horowitz JD. Does 
vitamin D modulate asymmetric dimethylarginine 
and C-reactive protein concentrations? Am J Med. 
2010;123:335–41.

22.	 Abu El Maaty MA, Hassanein SI, Hanafi RS, Gad MZ. 
Insights on vitamin D’s role in cardiovascular disease: 
investigating the association of 25-hydroxyvitamin D 
with the dimethylated arginines. J Nutr Sci Vitaminol 
(Tokyo). 2013;59:172–7.

23.	 Gungor A, Palabiyik SS, Bayraktutan Z, Dursun H, Gok-
kaya N, Bilen A,  et al. Levels of endothelial cell-specific 
molecule-1 (ESM-1) in overt hypothyroidisim. Endocr 
Res. 2016;41:275–80.

24.	 Atis O, Keles M, Cankaya E, Dogan H, Aksoy H, Akcay F. 
Vitamin D treatment effect on serum endocan and high-
sensitivity C-reactive protein levels in renal transplant 
patients. Prog Transplant. 2016;26:335–9.

25.	 Vallance P, Leone A, Calver A, Collier J, Moncada S. Ac-
cumulation of an endogenous inhibitor of nitric oxide 
synthesis in chronic renal failure. Lancet. 1992;339:572–5.

Vitamin D Deficiency and Endothelial DysfunctionYurdakul et al.

119


