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Visceral Adiposity Index and Insulin
Resistance in Restless Legs Syndrome

Huzursuz Bacak Sendromunda Viseral Yag Indeksi ve
Insulin Direnci

® Gulhan Sancam,! @ Orkun Sancam?

ABSTRACT

Objectives: It has been reported that restless legs syndrome (RLS) is seen at a higher rate in obese and diabetic
patients than in the normal population. In this study, we aimed to investigate obesity, insulin resistance (IR), and
visceral adiposity index (VAI) rates and the relationship of these values with the severity of RLS in individuals with-
out a diagnosis other than RLS.

Methods: This prospective study was conducted with 149 patients diagnosed with RLS and 105 healthy volun-
teers. Patients were evaluated with the RLS Severity Rating Scale and classified according to symptom severity.
Demographic characteristics of the patients, iron, inflammation, and blood cholesterol levels were measured, and
body mass indexes (BMI), VAI, and IR values were calculated.

Results: A majority (64.8%) of the patients were female and the symptoms were severe in 35.6%. C-reactive protein,
BMI, and VAl levels were found to be significantly higher in patients with RLS than in the control group (p<0.001).
The number of IR and obese patients in the RLS group was significantly higher than the control group. In patients
with severe RLS symptoms, the VAl levels and the ratio of those with IR were significantly higher than in those with
mild symptoms (p=0.006, p=0.001).

Conclusion: It was shown that patients with RLS had a higher rate of IR, VAI, and obesity compared to the control
group. Although VAl and IR were significantly higher in patients with severe RLS symptoms, we did not find a rela-
tionship between obesity and disease severity. VAl and IR parameters could be useful markers for assessing the risk
of developing RLS and disease prognosis.

Keywords: Body mass index; insulin resistance; restless legs syndrome; visceral adiposity index.

OZET

Amag: Huzursuz bacak sendromunun (HBS) obezlerde ve diyabetik hastalarda normal popiilasyona gore daha yuk-
sek oranda gorildigu bildirildi. Bu calismada, HBS olan bireylerde oberzite, insiilin direnci ve viseral yag indeksi
(VYIi) oranlarinin ve bu degerlerin HBS siddeti ile iliskisinin arastinimasi amaclandi.

Yontem: Bu prospektif calisma HBS tanisi alan 149 hasta ve 105 saglikl gonulla ile yapildi. Hastalar HBS Siddet Deger-
lendirme Olcegi ile degerlendirilerek, semptom siddetine gére siniflandirildi. Hastalarin demografik 6zellikleri, demir,
inflamasyon ve kan kolesterol seviyeleri 6lciildii, beden kitle indeksi (BKI), VYi ve insiilin direnci degerleri hesaplandi.
Bulgular: HBS tanili hastalarin %64,8'i kadindi ve %35,6'sinda semptomlar siddetliydi. HBS olan hastalarda C-reaktif
protein, BKi, VYi diizeyleri kontrol grubundan anlamli derecede fazla bulundu (p<0,001). HBS'li grupta insilin direnci
ve obez olanlarin sayisi kontrol grubundan anlamli derecede fazlaydi. HBS semptomlari siddetli olan hastalarda Vi
diizeyleri ve insilin direnci olanlarin orani semptomlari hafif olanlardan anlamli derecede fazlaydi (p=0,006, p=0,001).

Sonug: HBS tanisi olan hastalarda insiilin direnci, VYi ve obezitenin kontrol grubuna gére daha yiiksek oranda
oldugu tespit edildi. HBS semptomlar siddetli olan hastalarda VYi ve insiilin direnci anlamli olarak daha yiiksek
olmasina ragmen obezite ile hastalik siddeti arasinda bir iliski bulunmadi. VYi ve insiilin direnci parametreleri, HBS
gelistirme riskini ve hastalik prognozunu degerlendirmek icin yararl belirtecler olabilir.

Anahtar s6zciikler: Beden kitle indeksi; instilin direnci; huzursuz bacak sendromu; viseral yag indeksi.
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estless legs syndrome (RLS) is a common sensory-motor
Rneurological disorder characterized by an uncomfort-
able urge to move the extremities at rest. It is seen with a
prevalence of 5-20% in the adult population, negatively af-
fecting sleep and daytime activities, significantly reducing
the quality of life of patients.!

Although the etiology in the development of RLS is not
known exactly, it is thought that genetic and environmental
factors contribute to the phenotype, and causes such as brain
dopamine hypofunction and iron metabolism disorders play
arole.”? In recent years, diabetes, obesity, hypertension, and
cardiovascular diseases have been frequently associated
with RLS, and it has also been suggested that these diseases
may play a role in the development and progression of RLS.
Bl previously, obesity has been shown to be associated with
decreased dopamine signaling and dopamine receptor two
expressions in striatal regions. Hormones such as leptin,
glucagon, and insulin that regulate homeostatic nutrition
through the hypothalamus are modulators of dopaminergic
neurons in mesolimbic networks.[5] However, various evi-
dence has shown a decrease in dopamine synthesis and ac-
tivation in the brain in the development of insulin resistance
(IR) and diabetes.[®! Therefore, various factors affecting the
dopaminergic state in the brain may actually be common
causes in the etiology of all these diseases.

In epidemiological studies, it has been shown that RLS
was seen at a higher rate in obese and diabetic patients
compared to the normal population.[’l IR is a condition
that is associated with a group of diseases, especially di-
abetes, and obesity, leading to hyperinsulinemia, and im-
paired glucose tolerance.!8! However, it has recently been
reported that the visceral adiposity index (VAI) is a more
accurate indicator of diabetes and cardiovascular disease
than other simple anthropometric measures such as body
mass index (BMI) and waist circumference (WC).[%! To the
best of our knowledge, the relationship between VAI and
IR, and RLS has not been investigated before. In this study,
we aimed to investigate obesity, IR, and VAI rates and the
relationship of these values with the severity of RLS in in-
dividuals without a diagnosis other than RLS.

The prospective study was approved by Ankara City Hospi-
tal Ethics Committee (E2-22-2470). All procedures were ap-
plied in accordance with the principles of the Declaration
of Helsinki. Informed consent was obtained from all pa-

tients who agreed to participate in the study. A total of 149
patients who applied to the neurology outpatient clinic be-
tween October 2022 and January 2023 and were diagnosed
with RLS were included in the study. Patients with a history
of chronic disease (thyroid, diabetes, heart, kidney, liver,
lung, and hematological diseases), oncological disease,
immunodeficiency, acute or chronic inflammatory disease,
pregnancy, drug use, and infection in the past 1 month were
excluded from the study. Healthy volunteers who applied to
the outpatient clinic for a check-up and had no disease were
included in the control group.

The diagnosis of RLS was conducted according to the diag-
nostic criteria of RLS. The RLS Severity Rating Scale deter-
mined by the International RLS Working Group (IRLSSG)
has been applied. This scale consists of ten questions and
ranges from O to 40, with a score of 1-10 mild (Grade 1), 11-20
moderate (Grade 2), 21-30 severe (Grade 3), and 31-40 in-
dicating the presence of (Grade 4) very severe disease.[10:11]

The measurement of biochemistry and hemogram tests of
the study population was conducted by enzymatic colori-
metric assay after 12-h fasting. Neutrophil/lymphocyte ratio
(NLR) was calculated by dividing the neutrophil count by the
lymphocyte count. BMI was calculated by dividing weight in
kilograms by the square of height in meters. Those with BMI
>30 kg/m? were considered obese. Evaluation of homeosta-
sis model-IR has been calculated through (HOMA-IR)=Fast-
ing glucose (mg/dL) x Fasting insulin (ulU/mL)/405 and
patients with HOMA score >2.7 were considered positive for
IR.[2] Patients with fasting plasma glucose 2126 mg/dL were
not included in the RLS and control groups because they
were thought to have diabetes, and those between 110 and
125 mg/dL were considered impaired glucose tolerance.!3!

While using the VAI formula for the patients included in
the study, triglyceride (TG), high-density lipoprotein (HDL)
mmoL/L, and WC were calculated as cm.

e For males:

VAI= WC/39.68 + (1.88xBMI) x (TG/1.03) x (1.31/HDL)

¢ For females:

VAI=WC/36.58 + (1.89xBMI) x (TG /0.81) x (1.52/HDL) formu-

las were used.[4]

Statistical Analysis

The data analysis was conducted by IBM SPSS Statistics 28
program. While evaluating the data, descriptive statistics
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(meansstandard deviation) for numerical variables and
frequency distributions for categorical variables are given.
The Kolmogorov-Smirnov normality test was applied to
the numerical variables to decide the statistical method. As
a result, it was seen that the variables did not provide the
normality assumption, and non-parametric tests were uti-
lized. Chi-square analysis was used to examine the relation-
ships between two independent categorical variables. The
Kruskal-Wallis test and the differences between more than
two independent groups and the Mann-Whitney U-test were
used to control the differences according to the variables be-
tween the two independent groups. Statistical significance
was taken as 0.05 in the analysis.

Results

One hundred and forty-nine out of the 177 patients studied
during the period were included in this analysis (Fig. 1). The
mean age of the patients with RLS was 44.64+11.31 years and
64.8% were female. The severity of RLS was mild (Grade 1) in
32.2% of the patients with RLS, moderate (Grade 2) in 32.2%,
and severe in 35.6% (Grade 3-4). As a result of the Mann-—
Whitney U analyses, insulin, HOMA-IR, and WC values of
the patients with RLS were found to be statistically signifi-
cantly higher than the control group (p<0.001) (Table 1).

As a result of Mann-Whitney U analyses, iron, hemoglobin,
and HDL levels in patients with RLS were found to be statis-
tically significantly lower than the control group (p<0.001).
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177 patients were diagnosed with RLS

26 patients had chronic disease

—

2 patients were pregnant

4

149 patients were included in the study

L 94 <y
Height, weight, and waist circumference of the RLS Severity Rating Scale was applied
patients were measured

Figure 1. Case selection criteria.

RLS: Restless legs syndrome.

Platelets, TG, C-reactive protein (CRP), BMI, and VAI levels
were significantly higher in patients with RLS than in the
control group (p<0.05). As a result of the Chi-square anal-
ysis, the number of IR and obese patients in the RLS group
was significantly higher than the control group (p=0.040,
p=0.002) (Table 2).

In Kruskal-Wallis H analyses, VAI values were found to be
statistically significantly higher in patients with severe RLS
(Grade 3-4) than those with mild (Grade 1) and moderate
(Grade 2) (p=0.006) (Fig. 2). The rate of IR in patients with
severe RLS was significantly higher than in patients with
mild RLS (p=0.001) (Table 3 and Fig. 3).

Table 1. Demographic characteristics of patients by groups

RLS Controls Chi-square p
(n=149) (n=105)
n % %
Gender 0.473 0.492
Female 104 69.8 69 65.7
Male 45 30.2 36 34.3
RLS severity - -
Grade 1 48 32.2
Grade 2 48 32.2
Grade 3—4 53 35.6
MeaniSD MeantSD U P
Age 44.64111.31 42.3011.57 6827.0 0.084
Insulin (mu/L) 9.57+7.59 7.2046.99 5726.5 <0.001+
HOMA-IR 2.19+1.80 1.60+1.64 5807.0 <0.0017+
WC 99.59+10.91 92.0549.44 4673.5 <0.001+

*p<0.05. RLS: Restless legs syndrome; HOMA-IR: Homeostasis model-insulin resistance; WC: Waist circumference; U: Mann—Whitney U.
_____________________________________________________________________________________________________________________________________________]
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Table 2. Biochemical test results and differences by groups

RLS Controls u p
(n=149) (n=105)
Mean+SD Mean+SD
Glucose 94.80+8.29 93.60+10.22 6782.5 0.071
Iron (ug/dL) 70.26+£35.93 102.15+41.7 4283.0 <0.001+
Ferritin (ng/mL) 49.01+54.12 62.34167.87 6758.5 0.084
Hb (g/dL) 13.34+1.87 15.92+12.82 4628.5 <0.001+
WBC (x103 pL) 6.84+1.52 6.84+1.62 7820.5 0.997
PLT (x103 pL) 273.50+63.17 252.76154.5 6380.5 0.012*
LYM (x103 L) 2.76+3.28 4.1546.96 7253.0 0.323
NEU (x103 pL) 3.68+1.17 4.19+5.20 7687.0 0.814
TG (mg/dl) 178.36%82.12 125.6562.0 4780.5 <0.007+
HDL (mg/dL) 47.15+11.69 53.204£11.80 5406.0 <0.001+
CRP (mg/L) 0.62+1.39 0.16+0.18 4165.5 <0.007+
BMI 26.3044.49 23.7343.90 5256.0 <0.0017+
VAI 8.19+5.69 4.87+4.23 4449.0 <0.0017+
NLR 1.65+0.80 1.5240.63 7438.0 0.505
n % n % Chi-square p

IR 4.208 0.040+

Yes 37 24.8 15 14.3

No 112 75.2 90 85.7
BMI 9.572 0.002+

Obese 37 24.8 10 9.5

Non-obese 112 75.2 95 90.5

*p<0.05. RLS: Restless legs syndrome; U: Mann—Whitney U; SD: Standard deviation; Hb: Hemoglobin; WBC: White blood cell; PLT: Platelets; LYM: Lymphocytes; NEU:
Neutrophils; TG: Triglyceride; HDL: High-density lipoprotein; CRP. C-reactive protein; BMI: Body mass index; VAI: Visceral adiposity index; NLR: Neutrophil/lymphocyte
ratio; IR: Insulin resistance.

Discussion
Independent-Samples Kruskal-Wallis Test

RLS is a common neurological movement disorder that af-
fects women more and its prevalence increases after the age
of 40. Despite the high prevalence of RLS, the majority of pa-
tients have mild-to-moderate clinical feature, with a lower
incidence of severe and frequent symptoms. Consistent with
the literature, the majority of the patients diagnosed with
RLS in our study were women, and according to the RLS
Severity Rating Scale applied, the patients’ symptoms were
mostly mild-to-moderate.[5!

VAI

10,00

Obesity is considered to be a preventable chronic disease
that is quite common in the developing world.[6l In a large-
scale prospective study by De Vito et al.,['7! they found that
obesity and high cholesterol were significantly associated
with an increased risk of developing RLS. In this study, we

0,00
Grade 2

RLS severity

Grade 1 Grade 3-4

found that BMI, TG, and VAI rates were significantly higher
in patients with RLS than in the control group. The relation-
ship between obesity and RLS etiology is likely to be multi-

Figure 2. Visceral adiposity index according to restless legs syn-
drome severity.

RLS: Restless legs syndrome.



Grade 1 Grade 2 Grade 3—-4 KW p Difference
MeanxSD MeanSD Mean+SD
Iron (ug/dL) 74.21+40,93 68.21+37.16 68.53+29.85 0.411 0.814 -
Ferritin (ng/mL) 58.51+70.39 37.45+42.08 50.88+45.27 3.921 0.141 -
NLR 1.6940.93 1.8310.84 1.4510.58 4.671 0.097 -
CRP 0.42+0.61 0.47+0.80 0.94+2.11 4118 0.128 -
BMI 25.87+3.90 25.5315.01 27.40%4.35 5.385 0.068 -
VAI 6.77+4.17 7.355.44 10.22+6.56 10.127 0.006+* 3-4>1,2
n % n % n % Chi-square p

IR 13.652 0.007*

Yes 5 10.4 10 20.8 22 41.5

No 43 89.6 38 79.2 31 58.5
BMI 4.176 0.124

Obese 8 16.7 11 22.9 18 34.0

Nonobese 40 83.3 37 77.1 35 66.0

*p<0.05. RLS: Restless legs syndrome; KW: Kruskal—-Wallis; SD: Standard deviation;
VAI: Visceral adiposity index; IR: Insulin resistance.

factorial. In recent years, the association of RLS with cardio-
vascular diseases has suggested that vascular mechanisms
such as oxidative, inflammatory, sympathetic hyperactivity,
and cardiac vagal modulations play a role in its etiology.18!
In obesity, dopamine D2 receptors were found to be lower in
the striatal region of the central nervous system, and there
was an inverse between BMI and dopamine receptors.[9)
The alleviation of RLS symptoms by dopamine agonists and
the demonstration of striatal dopaminergic changes in these
patients strengthen the relationship of the disease with obe-
sity.[20] VAI is a higher predictor for obesity, which has been
used frequently recently, and which can distinguish visceral
and subcutaneous fat. It is an index that has a value and is
closely related to many metabolic diseases.[2!) In our study,
we found VAI to be significantly higher in patients with se-
vere RLS compared to those with mild and moderate RLS,
but we could not find a relationship between RLS symptom
severity and obesity. These results showed that VAI can be a
useful index to show the risk and severity of developing RLS.

Previously, it has been observed that the risk of developing
RLS in diabetic patients is higher than in the general pop-
ulation.[?2] RLS developing in diabetic patients has been
associated with fiber neuropathy. Diabetic polyneuropathy
was found in 96% of patients with Type 2 diabetes melli-
tus (T2DM) and RLS, suggesting that their pathophysiology
may be common.[?3] Ning et al.[?4] elaborated that RLS had
a higher prevalence in DM patients than in patients without

NLR: Neutrophil/lymphocyte ratio; CRP: C-reactive protein; BMI: Body mass index;

diabetes. IR is the most important factor that plays a role in
the pathogenesis of T2DM, characterized by dysfunctional
insulin secretion by pancreatic beta cells. However, obesity
and visceral adiposity are common risk factors for IR, T2DM,
and cardiovascular complications.[?>! In our study, the rate
of patients with RLS who were not diagnosed with diabetes
was significantly higher than the control group. However,
we found the IR rate to be significantly higher in those
with severe RLS symptoms than in those with mild RLS. We

o Yes

Grade 1 Grade 2
RLS severity

Grade 3-4

Figure 3. Insulin resistance according to restless legs syn-
drome severity.

RLS: Restless legs syndrome.



thought that these results showed the relationship between
the severity of symptoms and IR in patients with RLS, as
well as the development of peripheral IR in these patients
without a diagnosis of diabetes.

Iron deficiency affects many cellular functions such as ox-
idative phosphorylation, immune function, DNA synthesis,
and oxygen delivery.[26] The relationship between decreased
peripheral iron levels and increased RLS prevalence and
severity of symptoms has been shown previously. 27] In our
study, blood iron and hemoglobin levels in patients with
RLS were found to be significantly lower than in the con-
trol group, but no correlation was found between them and
symptom severity. Recently, the presence of systemic in-
flammation in most of the diseases known to be associated
with RLS has led to the investigation of the relationship be-
tween systemic markers and RLS.[28! Jiménez et al. [2%! found
higher CRP and NLR rates in patients diagnosed with RLS
compared to controls. Similarly, we found CRP and platelet
levels to be significantly higher in our RLS patients than in
the control group, but we could not find a significant differ-
ence in NLR rates.

This study has some limitations. The number of cases with
RLS was relatively small, and the diagnosis of RLS and the
severity of symptoms were based on self-reports. Therefore,
some degree of error in diagnosis and assessment of symp-
tom severity is likely.

The results of this study show that IR, VAI, and obesity are
higher in patients with RLS. In addition, low iron and high
CRP levels were associated with the presence of RLS. The
fact that VAI and IR were significantly higher in patients
with severe RLS symptoms indicates that these parameters
can be useful markers that can be used to show the risk of
developing RLS and disease prognosis.
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