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Background: Endocan is a recently introduced marker of endothelial dysfunction. The objective 

of this study was to compare serum endocan levels in patients with restless legs syndrome 

(RLS) and control subjects in order to elucidate whether RLS is associated with endothelial 

dysfunction.

Methods: A total of 31 drug naïve female patients with RLS and 31 age- and BMI-matched 

women were included in the study. Patients with pathological or physiological conditions or 

with a history of medication use that could potentially influence endothelial functions were 

excluded, as well as those with alcohol or drug abuse history. The two groups were compared 

with routine blood tests and serum endocan levels.

Results: Patients with RLS had lower serum endocan levels than the controls (P=0.037). 

There was a negative bivariate correlation between RLS severity score and serum endocan 

levels (r=-0.406, P=0.023). While white blood cell count was significantly higher in RLS 

group, 25-hydroxy vitamin D3, vitamin B12, transferrin saturation rate, and HDL-cholesterol 

were significantly lower. Creatininemia and diastolic blood pressure were also marginally 

insignificantly lower in RLS group. Due to the presence of differences between two groups in 

these variables, a linear regression analysis was performed that showed a positive association 

between endocan and creatininemia (β=0.310, P=0.022), and a negative association between 

endocan and RLS (β=-0.502, P,0.001).

Conclusion: The results of this study seem to suggest that patients with RLS may have better 

endothelial functions when compared with the general population and that these patients may 

be better protected against atherosclerosis.
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Introduction
Restless leg syndrome (RLS) is a sensory–motor disorder characterized by intense, 

unpleasant, disagreeable sensations (paresthesia and dysesthesia) in the extremities 

(mostly in legs), which begin or worsen in the evening or at night during the periods of 

rest and which are relieved by movement.1 It affects approximately 5%–15% of the gen-

eral population,1 and the diagnosis is based on clinical features.1 Proposed pathogenetic 

mechanisms for RLS symptoms include the dopaminergic dysfunction, occurring either 

primarily or triggered by iron deficiency on the background of genetic predisposition.2,3 

Also, RLS has been reported to be associated with a number of conditions, including 

diabetes mellitus, obesity, hypertension, and hyperlipidemia.4,5 With regard to the 

cardiovascular risk, while some authors have reported an increased cardiovascular 

risk in RLS patients,5–10 others have found no such association.11–14 Furthermore, RLS 

has even been proposed to confer protective effects against atherosclerosis.15,16 Recent 

studies have shown that vascular endothelium plays a fundamental role in processes 

such as inflammation, coagulation, angiogenesis, and tumor invasion, through the 
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release of a variety of mediators and through receptor/ligand 

interactions.17 One such molecule released by the endothelial 

cells is endocan,17 the increased tissue expression or serum 

levels of which may be an indicator of endothelial activation 

(inflammation) and neovascularization (tumor progression).18 

The close association between endothelial dysfunction and 

atherosclerosis is well established,17 and elevated serum 

endocan levels may be a sign of increased disposition to 

the development of atherosclerosis.17 Patients with diabetes 

mellitus, acute coronary syndrome, or hypertension have 

been shown to have elevated serum endocan levels.19–21 

In addition, a reduction in endocan levels has been observed 

when hypertension or diabetes is well controlled.19–21 In this 

study, our objective was to compare serum endocan levels 

in women with or without RLS, to elucidate whether RLS is 

associated with endothelial dysfunction in female patients. 

To the best of our knowledge, endocan levels have not been 

previously reported in patients with RLS.

Methods
study design
This was a prospective cross-sectional case-control study.

study population
Successive drug-naive patients attending to the neurology 

outpatient unit of Bezmialem Vakif University between 

January 2015 and May 2015 were included in this study 

if they met the inclusion and exclusion criteria and pro-

vided written informed consent. Similarly, successive 

age- and BMI-matched women attending the internal 

medicine outpatient department during the same time 

interval served as control subjects if they met the inclu-

sion and exclusion criteria in addition to providing written 

informed consent.

inclusion criteria
The patient group consisted of women with or without iron 

deficiency anemia between 18 and 80 years of age who 

fulfilled the four main criteria proposed by the International 

Restless Legs Syndrome Study Group (IRLSSG) for estab-

lishing a diagnosis of RLS and who had never received 

previous treatment for RLS (eg, iron, dopamine agonists, 

opioids, antiepileptics).22 These four criteria include 1) an 

urge to move the limbs with or without sensations; 2) worsen-

ing at rest; 3) improvement with activity; and 4) worsening 

in the evening or night.22 Age- and BMI-matched women 

without RLS served as controls, regardless of their iron 

level status.

exclusion criteria
Patients with the following conditions were excluded from 

the study: pregnancy, lactation, chronic kidney disease 

(stage $3), diabetes mellitus, hypertension, mood disorders, 

and/or psychosis, using antidepressants and/or antipsychot-

ics and/or lithium, using antiepileptics and/or opioids and/or 

dopaminergic drugs, alcohol addiction, drug addiction, pitu-

itary dysfunction, thyroid dysfunction, primary parathyroid 

dysfunction, adrenal dysfunction, using oral contraceptives, 

using postmenopausal hormone replacement therapy, being 

bed-ridden, history of major surgery, chronic or acute infec-

tions, cerebrovascular accident, ischemic heart disease, 

peripheral arterial disease, venous thrombosis, chronic 

venous insufficiency, heart failure, COPD, asthma, obstruc-

tive sleep apnea syndrome, dementia syndromes, Parkinson’s 

disease, multiple sclerosis, inflammatory bowel disease, col-

lagen tissue disorders, Sarcoidosis, chronic hepatitis, portal 

hypertension, hemolytic anemia, hematological malignancy, 

solid tumors, using antihyperlipidemic drugs, using corticos-

teroids or immunosuppressive drugs.

Blood sampling
Venous blood sampling carried out in the early morning 

after overnight fasting, complete blood cell (CBC), routine 

biochemistry, 25-hydroxy vitamin D3, parathormone, ferri-

tine, and thyroid hormone measurements as well as hormone 

analyses were performed on the same day of sample collec-

tion. Sera were stored at -80°C for endocan assay, which was 

carried out in the whole group of samples at a later date.

Blood analysis
A CBC analysis was performed using a Sysmex XT 1800i 

device (Roche-2011, Kobe, Japan). Biochemical analyses 

were carried out with a COBAS 8000 device (Roche-2007, 

Tokyo, Japan) and COBAS-C system kits. 25-Hydroxy 

vitamin D3 levels were determined using commercial kits 

(Roche-2014, Mannheim, Germany) with a COBAS E 601 

hormone analyzer (Roche-2010, Tokyo, Japan). Thyroid hor-

mone levels were determined using Advia Centaur (Advia-

2013, Tarrytown, NY, USA) kits, whereas parathyroid was 

assayed using intact parathormon kits (Abbott Company, 

2014-Bayswater, VIC, Australia). Ferritin determination was 

done using ferritin kits (2014-Bayswater, VIC, Australia) 

with an Advia Centaur (2006, Dublin, Ireland) device.

elisa assay
Following overnight fasting, venous blood samples were col-

lected into gel tubes. A 20-minute time interval was allowed 
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for coagulation, which was followed by centrifugation at 

1,500× g for 15 minutes. Sera stored at -80°C and on the day 

of the assay, concentrations of endocan in serum were mea-

sured with enzyme linked immunosorbent assay (ELISA) kit, 

according to protocols provided by manufacturers (Human 

Endocan Elisa Kit, Sunred Biological Technology, lot no: 

201506, Shanghai, People’s Republic of China). Multiskan 

FC® Microplate Photometer (Thermo Fisher Scientific, 

Waltham, MA, USA) was used for reading at 450 nm. The 

results were expressed in ng/mL.

Patient assessments
From each patient, past medical history and family history 

were obtained. The period before the diagnosis of RLS 

was established was recorded in months. The severity of 

RLS symptoms was assessed using the RLS severity scale 

developed by the IRLSSG, and John Hopkins RLS severity 

scale.23,24 Smoking status, age at menarche, menopausal status 

(spontaneous or surgical menopause, age at menopause), 

number of abortions and/or stillbirths, duration of breast feed-

ing, number of births, average monthly income, educational 

status, and employment status (eg, housewife, retired, etc).  

A systemic physical examination was performed. Current 

medical treatments and comorbid conditions were deter-

mined. Blood pressure measurements were performed on the 

right arm in the early morning hours before blood sampling 

with the use a mechanic sphygmomanometer after 15 minutes 

of rest. BMI was calculated using the following formula:

 BMI = body weight (kg)/height × height (meters). 

statistical analyses
Numerical variables are presented as means with standard 

deviation, and nominal variables in ratios. Subjects recruited 

to the study were divided into two groups: RLS and control 

groups. Nominal independent variables were compared 

between the groups using the chi-square test. One sample 

Kolmogorov–Smirnov test was performed to determine 

whether the continuous (numerical) independent variables 

were normally distributed. Normally distributed independent 

continuous variables were compared with Student’s t-test, 

whereas non-normally distributed independent continu-

ous variables were compared with Mann–Whitney U-test 

between the groups. Bivariate correlations were sought, 

and linear regression analysis was also performed. A two-

tailed P-value of ,0.05 was considered to be statistically 

significant.

ethical considerations
The study was approved by Bezmialem Vakif University 

Medical Faculty Ethics Committee, and all subjects recruited 

to the study provided informed consent. The study proce-

dures were performed in accordance with Declaration of 

Helsinki 2009.

Results
The study population comprised 31 women with RLS and 

31 female subjects, who served as controls. The mean age 

was 45.46±12.6 years (range: 25–73 years), and the mean 

BMI was 27.90±3.82 kg/m2 (BMI range: 20.6–35.8 kg/m2). 

The two groups were comparable in terms of age and BMI 

(Table 1).

In addition, there were no significant between-group 

differences in age at menarche, number of subjects in meno-

pause, age at menopause, number of surgical menopause, 

number of births, number of abortions and/or curettage, and 

total duration of breastfeeding (Table 1).

Again, the two groups were comparable in terms of aver-

age monthly income level, education status, employment 

status (employed, housewife, retired, etc) (Tables 1 and 2), 

Table 1 some features of subject included in the study

Variables RLS: 31 subjects Controls: 31 subjects P-value Type of distribution

age, years 43.61±10.51 45.64±14.43 0.529 ND
BMi 28.02±3.65 27.77±4.04 0.800 ND
Blood pressure, systolic, mmhg 123.44±13.31 124.38±13.46 0.805 ND
Blood pressure, diastolic, mmhg 68.89±8.46 73.54±10.16 0.081 ND
No of births 2.32±1.17 2.81±1.80 0.213 ND
No of abortion or curettage 0.99±1.43 0.94±1.37 0.871 NND
age at menarche, years 13.97±1.43 13.45±1.00 0.104 ND
age at menopause, years 45.83±6.85 49.60±4.14 0.261 ND
Duration of breastfeeding 29.36±25.70 37±31.00 0.295 ND
Monthly income, Tl 2,235.48±1,147.33 2,282.26±1,084.63 0.870 ND

Abbreviations: BMi, body mass index; ND, normal distribution; NND, non-normal distribution; rls, restless leg syndrome; Tl, Turkish lira.
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as well as in terms of the proportion women who are current 

or ex-smokers (Table 2).

Laboratory parameters, including total protein, albumin, 

ALT, AST, LDL-cholesterol, triglycerides, alkaline phos-

phatase, gamma-glutamyl transpeptidase, PTH, thyroid 

hormones, ferritin, folic acid, hemoglobin, platelet, CRP, 

and erythrocyte sedimentation rate did not differ significantly 

between the two groups (Table 3).

However, a significantly lower serum endocan level was 

found in RLS patients (Table 3), and there was a negative 

bivariate correlation between IRLSSG severity score and 

endocan levels (r=-0.406, P=0.023).

Table 2 Menopause, comorbidities, smoking, and working status 
of subjects included in the study

Variable number RLS: 31 
subjects

Controls: 31 
subjects

P-value

Number of subjects 
in menopause

6 8 0.544

Number of surgical 
menopause

0 1 1

smokers, n 12 9 0.373
ex-smokers, n 1 2 1
housewives, n 23 24 0.767
Workers, n 7 5 0.520
Pensioners, n 1 2 1

Abbreviation: rls, restless leg syndrome.

Table 3 Blood analysis in both groups

Variables RLS: 31 subjects, 
mean ± SD

Controls: 31 subjects, 
mean ± SD

Reference 
value

P-value Type of 
distribution

rBc ×1012/l 4.66±0.47 4.58±0.33 4.0–6.2 0.446 ND

hb, g/l 12.24±1.75 12.67±1.23 130–175 0.271 ND

htc, % 38.04±4.17 38.78±3.23 40–52 0.444 ND

McV, fl 81.94±8.65 84.57±39.4 80–100 0.131 ND

Mch, pg 26.38±3.85 27.62±1.70 27–34 0.111 ND

WBc, ×109/l 8.04±2.47 6.82±1.75 3.8–10.0 0.031 ND

Platelets, ×109/l 280.68±65.98 257.83±57.31 150–400 0.155 ND

MPV, fl 10.44±0.72 10.27±1.32 9–17 0.536 ND

albumin, g/l 44.00±2.63 43.30±2.30 35–50 0.293 ND

Total protein, g/l 72.80±3.60 73.60±4.60 60–80 0.463 ND

calcium, mmol/l 2.37±0.10 2.39±0.09 2.05–2.55 0.560 ND

Phosphorus, mmol/l 1.12±0.16 1.17±0.14 0.74–1.52 0.235 ND

Parathormone, ng/l 55.32±21.99 63.60±32.10 10–65 0.241 ND

25-hydroxy vitamin D3, nmol/l 37.74±35.42 60.20±56.18 35–150 0.017 NND

alkaline phosphatase, U/l 65.23±17.08 70.29±22.85 30–120 0.333 ND

γ-glutamyl transpeptidase, U/l 21.81±15.36 18.42±10.63 0–45 0.317 ND

esr, mm/h 24.26±16.12 22.29±15.26 ,20 0.623 ND

crP, nmol/l 5.62±11.14 2.38±2.57 0.76–28.5 0.848 NND

creatinine, micromoles/l 51.27±13.26 58.34±16.80 53–106 0.076 NND

glucose, mmol/l 5.31±0.86 5.59±1.94 3.9–6.1 0.647 NND

hba1c, % 5.69±0.64 5.63±0.67 4.5–5.7 0.360 NND

lDl-cholesterol, mmol/l 3.41±0.82 3.51±1.27 4.144 0.724 ND

hDl-cholesterol, mmol/l 1.32±0.31 1.50±0.37 ,1.03 0.041 ND

Triglyceride, mmol/l 1.81±1.15 1.44±0.90 1.8 0.167 ND

asT, iU/l 21.97±10.32 20.87±10.77 10–30 0.684 NND

alT, iU/l 22.29±14.90 24.94±26.94 10–40 0.634 NND

Transferrin saturation rate, % 17.13±14.40 23.80±11.11 20–40 0.046 ND

Ferritin, ng/ml 92.76±204.14 84.26±72.04 33–450 0.094 NND

Vitamin B12, pmol/l 231.88±73.54 277.43±91.16 118–701 0.034 ND

Folic acid, nmol/l 19.28±7.30 17.88±8.72 7–36 0.494 ND

Tsh, miU/l 2.38±1.59 2.21±1.25 0.63–4.82 0.634 ND

FT3, pmol/l 4.32±0.60 4.62±0.67 3.5–6.5 0.067 ND

FT4, pmol/l 13.19±2.62 13.99±1.95 10–18.7 0.176 ND

endocan, ng/ml 212.18±43.59 387.91±340.58 Unknown 0.037 NND

Abbreviations: alT, alanin transaminase; asT, aspartat transaminase; crP, c reactive protein; esr, erythrocyte sedimentation rate; FT3, free three iodothyronin; FT4, free 
thyroxine; hb, hemoglobin; hba1c, hemoglobin a1c; hDl, high-density lipoprotein; htc, hematocrit; lDl, low-density lipoprotein; Mch, mean corpuscular hemoglobin; 
McV, mean corpuscular volume; MPV, mean platelet volume; ND, normal distribution; NND, non-normal distribution; rBc, red blood cell; rls, restless leg syndrome; 
WBc, white blood cell; Tsh, thyroid stimulating hormone.
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Systolic blood pressure was similar in the two groups, 

and the diastolic blood pressure was lower in RLS subjects, 

but the difference was marginally insignificant (Table 1). 

White blood cell (WBC) count was significantly higher; 

HDL-cholesterol, 25-hydroxy vitamin D3, transferrin 

saturation rate, and vitamin B12 were significantly lower 

among RLS subjects; creatinine level was also lower in RLS 

patients with the difference being marginally insignificant 

(Table 3). Due to these findings, a linear regression analysis 

was performed, which did not show any correlation between 

the dependent variable of endocan and diastolic blood pres-

sure (P=0.131), HDL-cholesterol (P=0.358), 25-hydroxy 

vitamin D3 (P=0.385), transferrin saturation rate (P=0.705), 

WBC count (P=0.534), and vitamin B12 (P=0.417), while it 

was significantly associated with the independent variable 

of RLS and creatinine levels (Table 4).

The average disease severity score according to IRLSSG 

criteria was 28.87±5.51 (range: 17–39), corresponding to 

moderate RLS. Among patients who could be assessed 

according to John Hopkins disease severity criteria, 38.7%, 

48.4%, and 12.9% of the patients had mild, moderate, or 

severe RLS, respectively. The average duration of RLS was 

44.43±30.60 months (range: 12–120 months).

Discussion
Patients with RLS may experience complete or partial symp-

tomatic improvement during day hours due to factors such 

as movement, mental work, excitement,25 which increase the 

sympathetic activity26,27 leading to increased cortisol release. 

In turn, cortisol may enhance the sympathetic nervous system 

activity through positive feedback mechanisms.25 Increased 

sympathetic activity and cortisol release may exert some 

positive effects on the dopaminergic activity in the brain,25 

resulting in a temporary alleviation of RLS symptoms and 

dopaminergic dysfunction.25 Therefore, patients with RLS 

tend to increase their physical or mental activities inten-

tionally or unintentionally.25 Accordingly, an increase in 

sympathetic nervous system activity was shown in RLS 

patients using of heart rate variability analysis.25 The exact 

mechanisms of nocturnal worsening in RLS symptoms are 

unknown, and were thought to be associated with melatonin-

related mechanisms.25 Cortisol and dopamine release in 

humans follow a parallel circadian pattern,25 which is oppo-

site to the circadian pattern of RLS symptoms.25 One of the 

reasons for the physiological decline in dopamine release 

is the reduction in cortisol secretion during night hours and 

increased parasympathetic nervous system activity.25 This 

mechanism may be responsible for the increase in the sever-

ity of RLS symptoms in the night hours.25 Patients with RLS 

tend to maintain a continuous level of activity and move their 

legs in the bed until the time of daybreak (where the cortisol 

levels reach a peak) in an effort to alleviate RLS symptoms.25 

In turn, this may reduce the parasympathetic nervous system 

activity, and increase the sympathetic nervous system activ-

ity and cortisol release, influencing the circadian rhythm of 

cortisol and autonomous nervous system. Low dose corticos-

teroid infusion administered at night hours has been shown 

to reduce RLS symptoms.28 In a recent study, RLS patients 

have been shown to have higher overnight urinary cortisol 

excretion when compared with control subjects.29

Increased sympathetic activity and corticosteroid 

release are known to exert adverse effects on endothelial 

functions,30–32 whereas exercise has positive effects on 

endothelial functions with atheroprotective properties.33,34 

Although increased physical activity may be associated 

with increased sympatho-adrenal activity, it may also have 

a positive effect on endothelial functions. We think that this 

may, at least partially, explain the lower serum endocan 

levels in RLS patients.

Wahlin-Larsson et al35 in a study, examining the skeletal 

muscle morphology in RLS patients, found an increased 

microvessel tortuosity. The authors pointed out the possible 

occurrence of symptoms due to disturbed balance of 

vasoconstriction/vasodilation and mentioned that regulation 

of this balance through the movements of extremity may 

be responsible for the relief experienced by the patients. 

Flow-induced laminar shear stress at the vessel wall induced 

by exercise is a potent physiological stimulant for the 

exercise-related atheroprotective effects. This mechanism 

may also reduce the endocan levels in RLS patients.

Table 4 linear regression analysis

Independent 
variables

Unstandardized coefficients Standardized coefficients t Significance

B SE Beta

constant 220.057 150.063 – 1.466 0.149
Presence of rls -281.896 73.732 -0.502 -3.823 ,0.001
creatininemia 495.656 209.826 0.310 2.362 0.022

Notes: Dependent variable was endocan. R2: 0.264; adjusted R2: 0.233. F: 8.271.
Abbreviation: rls, restless leg syndrome.
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Recently, in a study, Park et al36 detected significantly 

lower carotid intima-media thickness, a marker of atheroscle-

rosis, among patients with RLS when compared with controls 

and stated that this may reflect a low risk of atherosclerotic 

progression in this group of patients. Although the risk of 

atherosclerosis and related cerebrovascular disease risk are 

lower in Parkinson’s disease, which shares certain common 

pathophysiological features with RLS, Parkinson’s patients 

receiving l-DOPA are known to develop atherosclerosis 

due to the secondary hyperhomocysteinemia induced by 

l-DOPA.3 In a similar study, increase in intima-media 

thickness was found among PD patients on l-DOPA.37 

Probably, absolute and functional dopamine deficiency in 

the central nervous system may be associated with a lower 

risk of atherosclerosis in RLS and Parkinson’s disease; 

however, this theory requires further clarification. However, 

the results of the above-mentioned studies are supportive of 

our observations.

The two study groups had certain differences that 

could affect endothelial functions. These included lower 

25-hydroxy vitamin D3, diastolic blood pressure, HDL 

cholesterol, transferrin saturation rate, vitamin B12, and 

creatinine, and higher WBC count among RLS patients. 

The linear regression analysis was performed to account 

for these factors. Endocan was not associated with diastolic 

blood pressure, vitamin B12, 25-hydroxy vitamin D3, HDL-

cholesterol, transferrin saturation rate, and WBC. Endocan 

correlated positively with serum creatinine and negatively 

with the presence of RLS.

Consistent with our observations, an increase in serum 

endocan levels paralleling the increase in serum creatinine 

levels has been demonstrated previously.38 The highest 

level of endocan expression has occurred in the peritubular 

cells of the cortex and renal medulla.38 Reduced clearance 

or increased secretion may be responsible for the elevation 

in endocan levels in patients with renal failure.38 It has also 

been proposed that serum endocan levels may in the future 

be utilized as a marker for renal functions, such the estimated 

glomerular filtration rate or proteinuria.38 In all stages of 

chronic renal failure, the presence of a positive correlation 

between serum endocan levels and inflammation, carotid 

intima-media thickness (a surrogate marker for atheroscle-

rosis), incidence of cardiovascular events, and mortality rate 

has been shown.38

Lower levels of creatininemia among RLS patients than 

among controls does not represent a potential explanation for 

the lower endocan levels in our RLS patients when compared 

with controls, since, according to the linear regression 

analysis, the two independent variables, ie, creatininemia 

(positively correlated with the endocan-dependent variable) 

and being an RLS patient (negatively correlated with the 

endocan-dependent variable), were independently associated 

with serum endocan. Even in the presence of an association 

between the independent variables of creatininemia and being 

an RLS patient, there can be no cause and effect relationship 

between the two. In other words, if endocan levels were lower 

in RLS patients due to low creatinine levels, then according 

to a regression analysis the only independent variable cor-

related with endocan would be creatininemia and the variable 

of “being a RLS patient” would have been eliminated.

A major limitation of our study is its small sample size.

Conclusion
Female RLS patients seem to have lower degrees of endothe-

lial dysfunction when compared with women without 

RLS. Increased physical activity and functional dopamine 

deficiency may play a role in this observation. Our results 

suggest a lower degree of predisposition to atherosclerosis in 

RLS patients than in non-RLS individuals. Cross-sectional 

studies involving larger patient populations and studies look-

ing at the changes in endocan levels after treatment in RLS 

patients are warranted.
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