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Abstract
Restless legs syndrome (RLS) is a common sensorimotor disorder that, in case of severe symptoms, can be very distressing 
and negatively interfere with quality of life. Moreover, increasing evidences associate RLS with higher risk of cerebrovas-
cular and cardiovascular disease (CVD). The purpose of this study was to quantify two proteins, previously identified by 
proteomics and potentially linked with CVD risk, namely kininogen-1 (KNG1) and alpha-1-antitrypsin (A1AT), in primary 
RLS patients at high severity grade (HS-RLS) in comparison to healthy control subjects. Proteins were quantified through 
enzyme-linked immunosorbent assay (ELISA) in plasma samples from 14 HS-RLS patients and 15 control individuals. The 
two groups were closely matched for age and gender. The expression level of KNG1 resulted significantly higher (p < 0.001), 
while A1AT was significantly decreased (p < 0.05) in HS-RLS patients compared to controls, confirming the relationship 
between these proteins and the disease severity. Furthermore, in patients group the association between the protein concen-
trations and the following parameters was further evaluated: age, disease onset and diagnosis, scores obtained from the RLS 
rating scales (Epworth Sleepiness Scale, Pittsburgh Sleep Quality Index, Beck Depression Inventory) and smoking habit. All 
the considered variables resulted independent of protein levels, so the disease can be reasonably considered the main cause 
of protein changes. As emerged from the literature, high levels of KNG1 and low amounts of A1AT seem to be related with 
a highest probability to develop CVD. Consequently, these proteins may be reliable candidate biomarkers of CVD risk in 
patients with RLS at high severity grade.
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Introduction

Restless legs syndrome (RLS), also known as Willis-Ekbom 
disease (WED), is a neurological disorder that causes an 
uncontrollable necessity to move the legs, and occasionally 

the arms, usually accompanied by unpleasant and uncom-
fortable sensations without any apparent sensory stimula-
tion. Generally, it begins during periods of rest or inactivity, 
often worse in the evening or night and can be partially or 
totally relieved by movement (Benes et al. 2007). Moreover, 
affected patients may also suffer from serious sleep distur-
bances, such as insomnia (Bogan 2006), with consequent 
negative effects on daily activities and productivity, impaired 
memory and cognitive functioning, depressive and anxious 
symptoms, resulting in reduced quality of life (Sevim et al. 
2004).

RLS was once thought to be a rare disorder, but nowadays 
it is considered a common condition, with substantial clinical 
variability (Picchietti et al. 2017). Its phenotypes include an 
early onset form, usually idiopathic and with a familial history, 
and a late onset type, frequently secondary to other somatic 
conditions considered typical causative factors, such as iron-
deficiency anemia (Allen et al. 2013), pregnancy, uremia, 
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peripheral polyneuropathy and chronic renal failure (Guo et al. 
2017). In addition, a positive association with cardiovascular 
disease (CVD), including coronary heart disease and stroke, 
has also been found (Gottlieb et al. 2017; Winkelman et al. 
2017). Nevertheless, to date the pathophysiology of primary 
RLS is only partially understood; genetic mechanisms, altera-
tions of iron homeostasis and dopaminergic neurotransmission 
dysfunctions are the most accepted involved pathways (Guo 
et al. 2017).

To extend the knowledge of RLS condition, we performed a 
previous mass spectrometry-based proteomic study on plasma 
samples from RLS patients in comparison to healthy control 
subjects, in the search of diagnostic biomarkers associated 
with the disease severity (Bellei et al. 2018). We detected sev-
eral differentially expressed proteins in RLS, mainly linked 
to inflammatory and immune response. Notably, two proteins 
identified as kininogen-1 (KNG1) and alpha-1-antitrypsin 
(A1AT), seem to be associated with cardiovascular disorders. 
The role of KNG1 gene in vascular disease has been broadly 
explored, providing interesting results. To date, 17 genes 
including KNG1 have strongly demonstrated to have genetic 
variations associated with venous thrombosis, the pathologic 
expression of a blood clot formation (i.e., thrombus) which 
can further obstruct venous circulation or embolize (Morange 
et al. 2015). In addition, researches conducted in animal 
models show that KNG1 inhibition could prevents ischemic 
neurodegeneration and CVD (such as myocardial infarction) 
by combined antithrombotic and anti-inflammatory mecha-
nisms (Langhauser et al. 2012). Regarding A1AT, a recent 
study pointed the attention on a possible causal link between 
genetic A1AT deficiency and increased cardiovascular risk 
(Curjuric et al. 2018). Deficiency of A1AT may results in the 
arterial wall degradation through inadequate protection against 
the proteolytic effect of elastase and collagenase, as observed 
in spontaneous cervical artery dissection (Vila et al. 2003). 
Since it has become increasingly evident a close relationship 
between RLS and CVD (Katsi et al. 2014; Fang et al. 2015; Li 
et al. 2018; Varim et al. 2019), although sometimes questiona-
ble and nebulous (Budhiraja 2013), the aim of the present work 
was to deepen the study of these proteins, first by their quanti-
fication through enzyme-linked immunosorbent assay (ELISA 
test). Moreover, it was evaluated the correlation between the 
protein levels and the patients age, the time of RLS onset and 
diagnosis, the scores obtained from the RLS rating scales and 
the cigarette smoking habit.

Materials and methods

Patients and controls recruitment

RLS patients, afferent to the sleep disorders outpatient clinic 
at the Neurology Department of Bakirkoy Psychiatry and 

Neurology Research and Training Hospital Sleep Disor-
ders Center (Istanbul, Turkey), were enrolled in the study 
between May 2016 and December 2016. During this period, 
most of the screened subjects (about 90%) were excluded 
due to the presence of one or more of the following exclu-
sion criteria: (1) chronic systemic diseases, such as diabetes 
mellitus, malignancies, chronic renal failure and uremia (2) 
neurologic diseases, comprising CVD and cerebrovascular 
disease, multiple sclerosis, Parkinson’s disease, inflamma-
tory rheumatologic disease and polyneuropathy (excluded 
through anamnesis and neurologic examination) (3) other 
diagnosed sleep disorders detected by anamnesis or labo-
ratory test (insomnia, central disorders of hypersomno-
lence, sleep-related breathing disorders, circadian rhythm 
sleep–wake disorders, parasomnias) and snoring or nocturnal 
witnessed apneas reported by the individuals or their part-
ners (4) anemia, iron deficiency, low ferritin levels (< 45 ng/
mL) (5) pregnancy (6) obesity (7) use of antidepressants, 
antipsychotics and mood stabilizers (8) excessive alcohol 
intake (considered as > 14 drinks/week for men and > 7 
drinks/week for women). Smoking habit was considered in 
both groups (Table 1). Ultimately, 34 patients with primary 
RLS (face-to-face interviewed), diagnosed according to the 
International Classification of Sleep Disorders diagnostic 
criteria (American Academy of Sleep Medicine 2014; Sateia 
2014), were selected for a previous proteomic study (Bellei 
et al. 2018). In this work, the patients were divided in two 
subgroups based on disease severity, evaluated according 
to the 10-item International Restless Legs Syndrome Study 
Group (IRLSSG) rating scale (by physician-administered 
questionnaire) (Allen et al. 2014): mild-moderate severity 
degree group (n = 17) and high severity group (n = 17). The 
control group (n = 17) was composed of healthy individuals 
from the medical staff, closely matched for age and gender 

Table 1   Comparison of demographic data between control subjects 
and RLS patients

p values > 0.05, not statistically significant
HS-RLS group patients with severe and very severe IRLS scores
a Independent Student’s t test
b Chi-square test (χ2)

Control group (n = 15) HS-RLS 
group 
(n = 14)

p value

Age (mean ± SD) 43.9 ± 6.9 45.3 ± 6.7 0.597a

Gender
 Female 66.7% (10) 71.4% (10) 1.000b

 Male 33.3% (5) 28.6% (4)
Smoking
 No 73.3% (11) 42.9% (6) 0.198b

 Yes 26.7% (4) 57.1% (8)
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with RLS patients. The analysis revealed a significantly 
different expression of KNG1 and A1AT proteins only in 
patients with high severity degree compared to controls. 
For this reason, in the present work were considered only 
those patients with severe and very severe score grades 
(IRLS scores 21–30 and IRLS scores 31–40, respectively), 
as previously clustered in a unique group named HS-RLS, 
in comparison to the same controls of the earlier study. In 
the current work, due to unavailability of the complete set 
of previous plasma samples, the analyses were performed on 
29 samples, which comprised of 14 HS-RLS patients and 15 
healthy control subjects.

It is important to point out that RLS is a complex disor-
der, in which genetic and environmental interactions con-
tribute to its phenotype; moreover, the cumulative effect of 
comorbidities was prospected as a strong risk factor for RLS 
(Trenkwalder et al. 2016; Szentkiralyi et al. 2014). Based 
on the above, patients with primary RLS without the major 
disease-related comorbidities could be considered a poorly 
representative sample, but this is essential to avoid interfer-
ence in the results due to the presence of other diseases. 
The study was performed in conformity with the Helsinki 
Declaration and with the informed consent of each enrolled 
subject, after the approval of the local Ethical Committee.

RLS data and rating scales

For each RLS patient were considered the following infor-
mation: the severity degree based on the IRLSSG rating 
scale, the RLS duration, namely the onset time of early 
symptoms and the time of disease diagnosis. Furthermore, 
were applied the following rating scales: the Epworth Sleep-
iness Scale (ESS) (Izci et al. 2008), the Pittsburgh Sleep 
Quality Index (PSQI) (Buysse et al. 1989) and the Beck 
Depression Inventory (Beck et al. 1988), to respectively, 
evaluate the daytime sleepiness, the sleep quality and the 
level of depression.

ELISA test

Venous blood was collected into EDTA tubes from patients 
and controls after 12–14 h fast. Plasma samples, obtained 
by centrifugation, were aliquoted and immediately stored at 
− 80 °C until analysis. Specifically, the expression level of 
the following proteins was evaluated: KNG1 (human kini-
nogen-1 ELISA kit, Cusabio Biotech, TX, USA) and A1AT 
(human α1-antitrypsin ELISA kit, Cusabio Biotech, TX, 
USA). Both kits applied the quantitative sandwich enzyme 
immunoassay technique and were carried out according to 
the manufacturer’s instructions. Briefly, diluted plasma sam-
ples, calibrants, and quality controls were dispensed into 
the microplate wells, containing immobilized pre-coated 
specific antibody for KNG1 or A1AT. Then, a solution 

containing horseradish peroxidase (HRP)—conjugated 
antibody was added to each well and allowed to react with 
a substrate solution, to develop a blue color in proportion to 
the amount of sample protein. An acid stop solution leaded 
to yellow product; the absorbance was measured at λ 450 nm 
in a microplate reader (Multiscan FC, Thermo Scientific, 
USA). KNG1 and A1AT concentrations were calculated by 
calibration curves, generated by the respective protein stand-
ards supplied with the kits.

Statistical analysis

Statistical analysis was performed using IBM SPSS v23 
software (Chicago, IL, USA). Normal distribution of the 
variables KNG1 and A1AT were determined using Shap-
iro–Wilk test. The Student’s t test was used for comparisons 
of the variables normally distributed between the groups, 
while the Chi-square test (χ2) was used for categorical vari-
ables. Quantitative data were expressed as mean ± standard 
deviation (SD) in normally distributed variables, while cat-
egorical data were reported as frequency and percentage. 
Spearman’s rho test was used to analyze the correlation 
between KNG1 and A1AT levels and age, RLS onset, RLS 
diagnosis, ESS, PSQI and Beck depression scores in RLS 
group. For all analysis, a p value lower than 0.05 was con-
sidered as statistically significant.

Results

Patients and controls data

In Table 1 are reported the demographic data and smok-
ing habits of HS-RLS patients in comparison to controls. 
The two groups resulted closely matched for age and gen-
der. Moreover, no significant difference was found regard-
ing cigarette smoking habit between patients and controls 
(p > 0.05). All RLS patients, as well as controls, reported 
iron parameters (hemoglobin, serum iron, ferritin), mean 
cell volume and hematocrit in the normal reference range. 
Subjects with anaemia and iron deficiency were excluded 
from the study. The HS-RLS group was composed of 
patients with severe (64%) and very severe score degree 
(36%), according to IRLS scores (IRLSSG rating scale) 
(Fig. 1a). For most patients (64%), the onset time of early 
symptoms was > 5 years (Fig. 1b), as well as the time of 
disease diagnosis (> 5 years for 43% and 1–5 years for 36% 
of patients, respectively) (Fig. 1c). In Fig. 2 are illustrated 
the scores obtained from the RLS rating scales, expressed 
in percentage. According to the Epworth Sleepiness Scale 
(ESS), only 29% of RLS patients reported excessive day-
time sleepiness (Fig. 2a), while, by PSQI, the great major-
ity of patients (86%) showed poor sleep quality (Fig. 2b). 
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Nonetheless, only one has declared to use sleep medica-
tions. Finally, the depression level, evaluated by the Beck 
Depression Inventory Scale, was assessed as normal for most 
patients (Fig. 2c).

Protein quantification by ELISA test

The expression levels of KNG1 and A1AT were evaluated in 
plasma samples by ELISA test. As shown in Fig. 3, plasma 
concentration of KNG1 was significantly higher (p = 0.0067) 
in HS-RLS patients (mean ± SD, 454.4 ± 126.9  μg/mL; 
range 230.0–676.1 μg/mL) compared to control subjects 
(221.8 ± 127.2 μg/mL; range 50.2–442.5 μg/mL). Con-
versely, the amount of A1AT was found significantly 
decreased (p = 0.0394) in HS-RLS group (693.2 ± 375.1 
nIU/μL; range 124.6–1180 nIU/μL) in respect to controls 
(1132.0 ± 675.5 nIU/μL; range 414.6–2100 nIU/μL), as 
illustrated in Fig. 4. These results agree with our previous 
data obtained by proteomic analysis (Bellei et al. 2018). No 

64%

36%

Severe
Very severe

7%

29%
64%

3 months-1 year
1-5 years
> 5 years

21%

36%

43%

(a) RLS severity (b) RLS onset (c) RLS diagnosis 

3 months-1 year
1-5 years
> 5 years

Fig. 1   RLS features. a Severity degree based on the IRLSSG rating scale; b onset time of early symptoms, or the RLS duration; c time of dis-
ease diagnosis. All data are expressed in percentage
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Good sleep quality
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15%
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Fig. 2   RLS rating scales scores. a Epworth Sleepiness Scale, to 
evaluate the excessive daytime sleepiness; b Pittsburgh Sleep Qual-
ity Index, to assess the sleep quality; c Beck Depression Inventory, to 

estimate the level of depression. The scores obtained from each rating 
scale are reported in percentage
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Fig. 3   Quantification of KNG1 in plasma samples by ELISA test. 
Significant differences between control group (CTRLS) and HS-
RLS patient’s group were evaluated by unpaired Student’s t test 
(**p < 0.001). Results are expressed as mean ± SD
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significant correlation was found by Spearman’s rho test 
among the proteins levels and age, RLS onset, RLS diag-
nosis, ESS scores, PSQI total score and Beck Depression 
scores in RLS patients (Table 2). Moreover, no significant 
differences were found between smokers and non-smokers 
patients and KNG1 concentrations (439.6 ± 133.6 μg/mL 
and 474.1 ± 126.5 μg/mL, respectively, p = 0.634) and A1AT 
concentrations (723.0 ± 397.2 nIU/μL and 653.5 ± 375.9 
nIU/μL, respectively, p = 0.746).

Discussion

The relationship between RLS and the increased risk for 
CVD has been discussed in many previous researches. Some 
studies reported a strong positive association between RLS 
and CVD, including coronary heart disease (Li et al. 2012), 
stroke (Walters and Rye 2009; Koo et al. 2018), and cerebro-
vascular disease (Ferini-Strambi et al. 2014), or with CVD 
risk factors (Szentkiralyi et al. 2013), such as hypertension 
(Hwang et al. 2018). In contrast, other analysis did not pro-
vide evidence for increased cardiovascular outcomes in RLS 

(Winter et al. 2012; Katsanos et al. 2018). This variability 
may be due to the heterogeneity of the studies, that is dif-
ferent subject recruitment, patient population, RLS severity 
and duration, sample size/resources and research methodol-
ogy, or to casual interferences or key potential confounders, 
such as age, sex, other sleep disorders and adverse lifestyle 
factors, e.g., smoking and obesity (Innes et al. 2012). In 
the present study we applied restrictive exclusion criteria 
during the recruitment of patients with primary RLS and 
controls (as fully reported in Methods section). Moreover, 
the two groups were strictly matched for age, gender and 
smoke habits (Table 1).

Based on our previous findings (Bellei et  al. 2018), 
KNG1 and A1AT proteins were here further investigated, 
in the search of a potential relation with CVD risk. KNG1 
is the precursor protein for the nonenzymatic cofactor high-
molecular weight kininogen, which is part of the plasma 
kallikrein–kinin system, a mediator of coagulation and 
inflammation since it presents proinflammatory, prothrom-
botic, and vasoactive properties (Wu 2015). Protein quan-
tification by ELISA test confirmed the over-expression of 
KNG1 in plasma of patients with severe/very severe RLS 
compared to controls (Fig. 3). Recently it has been demon-
strated a high KNG1 level in patients with in-stent resteno-
sis after angioplasty, suggesting a possible increased basal 
activity of kinins, a signal of proinflammatory and athero-
genic state (Ribeiro et al. 2014). Another study proposed 
KNG1 as candidate gene for internal elastic lamina lesions, 
the early events causing atherosclerosis (Stoll et al. 2001). 
Moreover, a Chinese population study presented, for the first 
time, novel evidence for the central effect of KNG1 gene 
on ischemic stroke (IS) susceptibility, revealing its crucial 
role in vascular disease. Variants in this gene potentiate the 
risk of IS via a genetic main effect and interactions with 
other atherogenic genes, including ALOX5AP, which is 
involved in the oxidative stress system (Hu et al. 2015). In 
this regard, some studies evaluated the atherosclerosis risk 
in RLS patients by the assessment of the oxidative stress 
status. Baskol et al. (2012) found increased advanced oxida-
tion protein products and malondialdehyde levels, together 
with decreased total thiol and nitric oxide amounts, suggest-
ing that RLS patients are under oxidative stress. Both lipid 
peroxidation and protein oxidation may have a role in the 
atherosclerosis onset and progression, so RLS patients could 
be more exposed to the risk of developing atherosclerosis. 
It is important to point out that our RLS patients were not 
sequenced for KNG1 or other genes, as well as for allelic 
variations or polymorphisms. This may be a significant start-
ing point for a next phase of the work, focused on genetics 
analysis.

The other protein that we investigated in this work was 
A1AT, found significantly decreased in HS-RLS patients 
vs controls (Bellei et al. 2018); for this glycoprotein also, 
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Fig. 4   Quantification of plasmatic A1AT by ELISA test. Significant 
differences between control subjects (CTRLS) and HS-RLS patients 
were evaluated by unpaired Student’s t test (*p < 0.05). Results are 
expressed as mean ± SD

Table 2   Correlation between KNG1 and A1AT protein levels and 
age, RLS features and rating scales scores in HS-RLS group

p values > 0.05: statistically not significant
r Spearman correlation

Variables KNG1 (μg/mL) A1AT (nIU/μL)

Age r: − 0.053 (p = 0.858) r: 0.319 (p = 0.266)
RLS onset r: − 0.190 (p = 0.516) r: − 0.374 (p = 0.187)
RLS diagnosis r: 0.014 (p = 0.962) r: 0.047 (p = 0.873)
Epworth scale (ESS) r: − 0.084 (p = 0.774) r: 0.269 (p = 0.353)
PSQI total score r: 0.044 (p = 0.881) r: 0.115 (p = 0.697)
Beck scale r: − 0.002 (p = 0.994) r: 0.053 (p = 0.857)
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ELISA quantification confirmed the earlier result (Fig. 4). 
A1AT is the most abundant circulating serine proteinase 
inhibitor in human blood, exerting anti-inflammatory and 
immuno-modulatory effects. Another important function is 
the inhibition of the proteolytic enzyme neutrophil elastase, 
that increase in case of inflammation, infections, smoking 
and inhaled fumes, helping to maintain the integrity of con-
nective tissues, elastic fibers and collagen filaments (Beiko 
et al. 2018). In a recent study, Feng et al. (2015) reported 
the cytoprotective role of A1AT in vascular endothelial cell 
under hypoxia/reoxygenation condition, providing evidences 
that A1AT protects the endothelium by suppressing oxida-
tive stress and apoptosis. In our present study, the expression 
level of A1AT was significantly lower (p < 0.05) in HS-RLS 
group compared to healthy subjects (Fig. 4), suggesting a 
greater risk of CVD in RLS at high severity. This is in strict 
accordance with Winkelman et al. (2008), who found a 
stronger association between RLS and CVD in patients with 
severe symptoms than those with moderate gravity. A recent 
study conducted in RLS patients showed compromised car-
diovagal control and greater peripheral vascular resistance, 
potentially due to heightened sympathetic outflow; these 
autonomic alterations may be one mechanism to explain the 
higher prevalence of CVD in RLS (Bertisch et al. 2016).

It is important to emphasize that our study was based on 
homogeneous parameters, both between the two different 
groups (such as age, gender, smoking) and within the RLS 
group (all patients were diagnosed as primary RLS and all 
presented a high degree of disease severity). This means that 
the outcomes have not been conditioned by those confound-
ing factors that often influence the data, such as significant 
differences in age and gender among the enrolled subjects, 
or differences regarding various aspects of the considered 
pathology. Moreover, in the present study, no positive cor-
relations were found between the plasma proteins levels and 
patients age, RLS onset, RLS diagnosis and all the consid-
ered rating scale scores (Table 2), as well as with smok-
ing habit. Additionally, patients did not show any disease-
related comorbidities, therefore, only the RLS itself can be 
considered the main cause for the differences observed in 
KNG1 and A1AT concentrations. However, another impor-
tant consideration concerns the medications taken by RLS 
patients before blood samples collection: 7 patients were 
under treatment with pramipexole (0.25–0.75  mg/day) 
and seven patients were taking pregabalin (150–300 mg/
day) and pramipexole combination regularly, changing the 
doses over time according to the severity of the symptoms. 
Moreover, recent studies have individuated a painful RLS 
phenotype (Cho et al. 2015; Karroum et al. 2015), but in 
this work patients were not categorized as painful and non-
painful phenotypes. Medications could have an impact on 
proteomic analysis, so this matter should be investigated in 
future works, as well as to consider the presence or absence 

of a characteristic painful form of the disease as potential 
variables. Finally, it is well known that anxiety, depression, 
and sleep disturbances may be potential risk factors for 
CVD. In the current study, only 14% of HS-RLS patients 
showed serious depression symptoms, while 29% reported 
excessive daytime sleepiness and 86% a poor sleep quality 
(Fig. 2), which is an intrinsic feature of this sleep disorder.

Conclusions

To date, there are still conflicting opinions regarding the 
relationship between RLS and CVD. Starting from a prot-
eomic study, by which we detected KNG1 and A1AT pro-
teins as indicative targets of a greater RLS severity, here we 
confirmed the previous results. Furthermore, as described 
in the current literature and found in our plasma samples 
from HS-RLS group, the up-regulation of KNG1 and the 
decreased levels of A1AT could be strongly linked with 
cardiovascular disorders. Accordingly, patients with RLS 
at high severity grade may be prone toward a higher risk 
of developing CVD, and these proteins may be considered 
as predictive candidate biomarkers. However, it should 
be noted that additional patients are needed to expand the 
present results, together with genetic analysis. In conclu-
sion, the present findings provide further considerations to 
elucidate the debate concerning CVD comorbidity in RLS, 
underlining the importance to accurately diagnose and treat 
this sleep disorder for CVD prevention and control.
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