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Study Objectives: Restless legs syndrome (RLS) prevalence estimates range from 0% to 52% in Parkinson disease (PD), but the causal relationship 
between the two disorders is still debated. The present study aims to evaluate RLS prevalence in de novo PD subjects, its incidence during the first 4 years 
from diagnosis, and possible relationships with clinical, laboratory, and neuroradiological data.
Methods: One hundred nine newly diagnosed, drug-naïve PD subjects were evaluated at the time of PD diagnosis, and after 2- and 4-years. RLS diagnosis 
was performed with the RLS Diagnostic Index at each visit. Motor features, additional non-motor symptoms (NMS), and concomitant dopaminergic and non-
dopaminergic treatments were also gathered. Moreover, at baseline, 65 subjects were randomly selected to undergo a FP-CIT SPECT to study dopamine 
transporter availability.
Results: RLS prevalence rose from 4.6% at baseline evaluation to 6.5% after 2 years and to 16.3% after 4 years (P = 0.007). A multinomial logistic stepwise 
regression model selected NMS Questionnaire items more likely to be associated with RLS at diagnosis (insomnia, OR = 15.555; P = 0.040) and with 
occurrence of RLS during follow-up (dizziness, OR = 1.153; P = 0.022; and daytime sleepiness; OR = 9.557; P = 0.001), as compared to patients without RLS. 
Older age was more likely associated to increased RLS occurrence during follow-up in a random effect logistic regression model (OR = 1.187; P = 0.036). 
A multinomial logistic stepwise model found increased dopaminergic transporter availability of affected caudate and putamen to be more likely associated 
with RLS presence at diagnosis (n = 5; OR = 75.711; P = 0.077), and RLS occurrence during follow-up (n = 16; OR = 12.004; P = 0.059), respectively, as 
compared to patients without RLS (n = 88).
Conclusions: RLS is present since PD diagnosis, and increases in prevalence during the course of PD. PD subjects with RLS have higher age at PD onset, 
more preserved dopaminergic pathways, and worse sleep and cardiovascular disturbances.
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INTRODUCTION
Restless legs syndrome (RLS) is characterized by an urge to 
move the legs and unpleasant sensations, occurring at rest, with 
a circadian pattern, and diminishing during motor activity.1 
RLS can be idiopathic, or associated to different conditions, 
such as iron deficiency, neuropathy, renal failure, or Parkinson 
disease (PD).1,2 The latter is of great interest since RLS and PD 
have different pathogenesis and evolution, but both are treated 
with dopaminergic drugs.3

In particular, RLS has a prevalence ranging from 0% to 52% 
in PD,2,4–11 and has been reported to occur either before or after 
the onset of PD. Although RLS has been rarely reported be-
fore the diagnosis of PD,7,9,10 it has been suggested to be part of 
the premotor phenotype in individuals at risk for developing 
PD,12 possibly predicting an older age at PD onset and a benign 
motor progression.13
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Significance
Prevalence of RLS at the time of PD diagnosis is similar to estimates in the general population. However, it significantly increases during the first 4 years 
from diagnosis, being likely secondary to PD progression. PD patients with RLS have a better dopaminergic transmission, as measured by FP-CIT 
SPECT, than patients without RLS, suggesting that other neurotransmitters might be implicated. In line with this proposition, there is the significant 
co-occurrence of RLS and other non-motor symptoms such as sleep disturbances and autonomic dysfunction, which are mostly claimed to be non-
dopaminergic. This would also explain the partial response of RLS to dopaminergic treatments.

On the other hand, over 75% of PD subjects with RLS de-
velop RLS symptoms after PD diagnosis and treatment,14–16 
particularly within the first 5 years of PD onset.7 PD subjects 
with RLS differ clinically from idiopathic RLS patients, in the 
way that they are older at onset, have lower rates of positive 
family history, and milder symptoms.8,17

Overall, it remains unclear whether RLS in PD is one of 
its early symptoms, a late complication, or just reflects an as-
sociation by chance. This knowledge gap partly relies that evi-
dence come from cross-sectional studies. There are in fact no 
longitudinal studies on RLS prevalence during the course of 
PD. Therefore, the present study aims to investigate: (1) the 
prevalence of RLS in a population of newly diagnosed, drug-
naïve PD subjects; (2) the incidence of RLS in the same popu-
lation during a prospective 4-year follow-up; and (3) laboratory, 
clinical, and neuroradiological correlates of RLS in PD.
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METHODS

Study Design and Population
This is an observational longitudinal study evaluating RLS 
prevalence in a population of newly diagnosed, drug-naïve PD 
subjects, and RLS incidence during 4-year disease course. PD 
subjects have been consecutively enrolled in the Movement 
Disorder Unit, at the Federico II University Hospital (Naples, 
Italy), between January 2008 and June 2009 (with the last 
4-year follow-up visit occurring in June 2013). The local Ethics 
Committee approved the study and all subjects gave informed 
consent. The study was performed in accordance with good 
clinical practices and the Declaration of Helsinki.

Inclusion criteria were: presence of Parkinson disease ac-
cording to the United Kingdom Parkinson’s Disease Society 
Brain Bank Diagnostic Criteria18,19; reported symptom dura-
tion < 24 months; no previous or current treatment with do-
paminergic drugs; and lack of significant cerebral lesions on 
MRI or CT. Exclusion criteria were: diagnosis of secondary, 
familial, or atypical parkinsonism, according to current diag-
nostic criteria.19–23 Patients with clinical signs suggestive of an 
alternative diagnosis at 2- and 4-year follow-up evaluations 
were excluded.

Clinical Evaluation
At baseline evaluation, demographic features, concomitant 
diseases and treatments, and disease duration (expressed in 
months from the reported motor onset) were recorded. Motor 
disability was evaluated with the Unified Parkinson’s Disease 
Rating Scale (UPDRS) part III. All subjects completed the 
non-motor symptom (NMS) Questionnaire (NMSQ), a vali-
dated tool for detection of NMS. The NMSQ consists of 30 
questions with dichotomous (yes/no) answers, and of a total 
score, which ranges between 0 and 30, with higher scores re-
flecting more NMS.24,25

Due to the observational nature of the study, after enroll-
ment and baseline evaluation, dopaminergic and non-dopami-
nergic treatments (i.e., antidepressants) were started depending 
on the supervising physician. Generally, patients were initially 
treated with either a dopamine agonist (DA) or a monoamine 
oxidase-B inhibitor (MAOB-I), while L-dopa was proposed 
for subjects developing a more severe motor disability. Visits 
were performed according to clinical practice with 3–5 months 
intervals.

Study visits were performed after 24 ± 3 and 48 ± 3 
months. At each visit, concomitant diseases and treatments 
were investigated. Dopaminergic treatment was recorded 
and levodopa-equivalent daily dose (LEDD) was calculated 
for each drug class (i.e., DA, MAOB-I). A total LEDD was 
calculated from the sum of drug class LEDDs and eventually 
adjusted for the treatment with catechol-O-methyltransferase 
inhibitor (COMT-I).26 Time occurring from PD diagnosis to 
L-dopa treatment was recorded (time to L-dopa). UPDRS 
part III was evaluated during practically defined off-state 
(12 hours off drugs) and also during the on-state, and NMS 
were checked by means of the NMSQ, as at baseline. The 
presence of motor complications was investigated with the 
UPDRS part IV.

RLS Diagnosis
All subjects were evaluated for RLS at baseline visit, and at 2- 
and 4-year follow-ups. RLS diagnosis was performed with the 
RLS Diagnostic Index (RLS-DI), a recommended diagnostic 
instrument for RLS diagnosis in a clinical setting.27 In par-
ticular, the RLS-DI consists of 10 items, including essential 
criteria from the International RLS Study Group (IRLSSG),1 
together with supportive features (sleep disturbances, family 
history, and treatment response).28 The severity of RLS in the 
previous week was measured with the IRLSSG rating scale 
(IRLSSG-RS),29 consisting of 10 questions, graded into 5 se-
verity categories from 0 to 4 (maximum total score of 40). Gen-
erally, an IRLSSG-RS between 1 and 10 is considered mild, 
between 11 and 20 moderate, between 21 and 30 severe, and 
between 31 and 40 very severe RLS.29

In order to exclude possible causes of secondary RLS, all 
subjects underwent complete neurological examination. In 
particular, the presence of peripheral neuropathy was excluded 
according to consensus recommendations for case definition 
in epidemiological studies.30,31 All subjects were screened for 
neuropathic symptoms (numbness, altered sensation, or pain 
in the feet), ankle reflexes, distal sensation (pin sensation and 
vibration), distal muscle weakness, and atrophy, were accord-
ingly categorized for the likelihood of having peripheral neu-
ropathy, and eventually addressed to electrodiagnostic studies 
to further confirm the diagnosis.30,31 Moreover, PD subjects 
were investigated for all possible RLS “mimics” (i.e., hypnic 
jerks, habitual foot tapping, leg shaking, general nervous 
movements, arthritis).32

Serum iron, ferritin, hemoglobin, and creatinine were de-
termined with COBAS c501 Analyzer (Roche Diagnostic, 
Mannheim, Germany) at baseline visit for the entire popula-
tion, and at 2- and 4-year follow-up evaluations for PD subjects 
developing RLS.

At baseline visit, concomitant diseases and treatments were 
recorded in order to calculate the comorbidity index, as sug-
gested in different studies on general and RLS populations.33,34 
In particular, conditions previously associated with RLS or 
with severe impact on health (diabetes, hypertension, myocar-
dial infarction, obesity, stroke, cancer, renal disease, anemia, 
depression, thyroid disease, and migraine) were considered 
and weighted equally, determining the following categories of 
the comorbidity index: none, 1, 2, and 3 or more conditions.34

For statistical purposes the PD population was categorized 
in relation to presence or absence of RLS during the study 
period. Furthermore, PD subjects with RLS were also catego-
rized in prevalent (prRLS) if RLS was diagnosed at baseline 
evaluation simultaneously with PD, or incident (inRLS) if RLS 
occurred during the follow-up visits.

SPECT Imaging
At baseline visit, all subjects were asked to undergo an iodine-123 
fluoropropyl-carbomethoxy-3 β-(4-iodophenyltropane) single-
photon emission computed tomography (FP-CIT SPECT) 
(DaTSCAN, GE Healthcare, Little Chalfont, Buckingham-
shire, UK) to study dopamine transporter (DAT) availability. 
Full methods have been reported elsewhere.35,36 The outcome 
measure was the specific-to-non-displaceable binding ratio, 
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V3” (ROIstriatum − ROIoccipital / ROIoccipital). V3” values 
were calculated for the caudate and the putamen contralateral 
(affected) and ipsilateral (unaffected) to the most clinically af-
fected body side, and were used for statistical analysis.

Statistical Analyses
Means and proportions of demographics (age, gender), labora-
tory findings (iron, ferritin, hemoglobin, creatinine), comor-
bidities (categories of the comorbidity index), clinical features 
(UPDRS part III and IV, NMSQ), treatments (LEDD, dopami-
nergic and non-dopaminergic drug use), and SPECT imaging 
(V3” values for affected and unaffected caudate and putamen) 
were calculated for PD subjects without RLS, with prRLS 
and with inRLS. Then, different subgroups were compared 
for study measures with χ2 test, Fisher exact test, or analysis 
of variance (ANOVA), as appropriate. Incidence rates at the 
second and fourth year were calculated; the cumulative inci-
dence was calculated as the percentage of all new cases oc-
curred in our study population during the follow-up time.

Multinomial logistic regression analyses were performed to 
evaluate the likelihood of having PD subjects with prRLS or 
with inRLS in relation to baseline demographics, comorbidi-
ties, clinical features, and SPECT imaging, as compared to PD 
subjects without RLS. Models were subsequently adjusted for 
age and gender. Odds ratio (OR) and 95% confidence intervals 
(95% CI) were calculated. Considering the noticeable amount 
of variables in both NMSQ and SPECT, a parsimonious ap-
proach to identify possible correlates of RLS was applied using 
2 different multinomial logistic regression stepwise models, 
with backward selection for P = 0.20 as the critical value for 
entering variables in the model, while RLS status was the de-
pendent variable.

Finally, a random effect logistic regression model was used 
to estimate possible relationships of clinical features and treat-
ments, with inRLS occurrence over time.

Statistical and graphical methods have been applied to test 
normal distribution of variables and residuals, when appro-
priate. Stata 12.0 and Microsoft Excel have been used for data 
processing and analysis. Results are considered statistically 
significant if P < 0.05.

RESULTS

Study Population and RLS Prevalence
The present study included 109 newly diagnosed, drug-naïve 
PD subjects, whose demographics are reported in Table 1. 
During the study period, 10 subjects were lost to follow-up 
(9.1%): 1 subject after 2 years, and an additional 9 subjects after 
4 years (5 subjects moved to a different Clinic, 4 withdrew 
their consent to the study, 1 died from colon cancer). Their de-
mographics and clinical features at baseline were not different 
from the remaining population (data not shown).

RLS prevalence rose from 4.6% (n = 5) at baseline evalua-
tion to 6.5% after 2 years (n = 7), and to 16.3% after 4 years 
(n = 16) (P = 0.007) (Figure 1). Incidence rate at the second 
year was 5.7% (95% CI = 2.6–12.8), while the incidence rate 
at the fourth year was 10.2% (95% CI = 5.5–19.0); cumulative 
incidence was 6.8% (95% CI = 4.4–10.4). RLS severity was 

not different among the baseline evaluation, 2-year and 4-year 
follow-up visits (Figure 1). In the whole RLS population, only 
2 subjects (9.5%) with prRLS reported family history for RLS 
(first-degree relatives) (supplemental material).

Demographics, clinical features, laboratory findings, and 
treatments of RLS subjects are reported in the supplemental 
material.

RLS and PD Clinical Features
PD subjects without RLS, with prRLS and with inRLS were 
not different in terms of any demographics, laboratory find-
ings, motor symptoms, treatments, and NMS (Table 1). The 
likelihood of PD patients having prRLS or inRLS, as com-
pared to patients without RLS, was not associated with base-
line demographics, laboratory findings, motor symptoms, and 
NMS (Table 2). The likelihood of PD patients having prRLS 
was not associated with comorbidities, whereas a positive but 
not significant OR was found for inRLS, as compared to pa-
tients without RLS (Table 2).

A multinomial logistic stepwise regression model selected 
NMSQ items more likely to be associated with prRLS: anx-
iety (OR = 0.056; 95% CI = 0.002–1.079; P = 0.056), dizziness 
(OR = 9.256; 95% CI = 0.731–117.131; P = 0.086), and insomnia 
(OR = 15.555; 95% CI = 1.132–213.619; P = 0.040); and with 
inRLS: dizziness (OR = 1.153; 95% CI = 1.296–29.211; P = 0.022), 
and daytime sleepiness (OR = 9.557; 95% CI = 2.505–36.457; 
P = 0.001), as compared to patients without RLS.

Finally, demographics (age, gender), motor symptoms 
(UPDRS-III during on and off state, UPDRS-IV), treatments 
(DA, IMAO-B, ICOMT, L-dopa, time to L-dopa, antidepres-
sant), and NMS (NMSQ total score and items) were included 
in a random effect logistic regression model in order to eval-
uate factors associated with the presence of RLS over time 
(inRLS). Among different data included in the model, only age 
was more likely associated to occurrence of inRLS during the 
study period (OR = 1.187; 95% CI = 1.011–1.393; P = 0.036).

Figure 1—RLS prevalence and severity. Profile plot shows increasing 
prevalence of Restless Legs Syndrome (RLS) from the time of 
Parkinson’s disease diagnosis (baseline evaluation), to 2-year and 
4-year follow-up visits (P = 0.007). Box and Whisker plot shows similar 
RLS severity evaluated by the International RLS Study Group (IRLSSG) 
Rating Scale, at baseline evaluation (12.4 ± 3.6/40, ranging from 8 to 
16), after 2-year (11.1 ± 3.8/40, ranging from 8 to 18), and 4-year follow-
up visits (11.3 ± 3.2/40, ranging from 7 to 18) (F[2,20] = 1.88; P = 0.245).
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RLS and SPECT Imaging
At baseline evaluation, 65 subjects agreed to perform the [123I]
FP-CIT SPECT (4 PD subjects with prRLS, 14 with inRLS, 

and 47 without RLS).
Increased V3” values of affected caudate were more likely as-

sociated with prRLS (P = 0.049; and P = 0.032 after adjusting for 

Table 1—Demographics and clinical features of PD population.

PD without RLS
n = 88 (80.7%)

Prevalent RLS
n = 5 (4.6%)

Incident RLS
n = 16 (14.7%) P value

Age, years 58.8 ± 8.0 (40–74) 57.0 ± 9.4 (45–68) 61.8 ± 8.9 (46–74) 0.332
Gender, male/female 55/33 (62.5/37.5) 4/1 (80.0/20.0) 9/7 (56.2/43.8) 0.726
Iron, μg/dL 105.3 ± 36.7 (41–227) 87.4 ± 28.8 (45–121) 101.7 ± 37.4 (27–173) 0.568
Ferritin, ng/mL 139.8 ± 69.9 (37–365) 119.8 ± 65.7 (25–198) 143.8 ± 64.0 (57–274) 0.786
Hemoglobin, g/dL 14.6 ± 1.0 (12.4–17.7) 14.6 ± 1.3 (13.1–16.1) 14.4 ± 1.7 (10.6–17.3) 0.844
Creatinine, mg/dL 0.9 ± 0.2 (0.6–1.5) 0.8 ± 0.2 (0.6–1.3) 0.9 ± 0.1 (0.6–1.2) 0.722
Comorbidities

0 25 (28.4) 1 (20.0) 0 (0) 0.095
1 26 (29.5) 2 (40.0) 7 (43.7)
2 21 (23.9) 2 (40.0) 4 (25.0)
≥ 3 16 (18.2) 0 (0) 5 (31.3)

UPDRS-III
Baseline 15.1 ± 7.8 (5–36) 14.6 ± 7.6 (8–27) 16.1 ± 6.4 (6–25) 0.881
2-year, ON-state 13.5 ± 7.0 (3–34) 10.6 ± 5.9 (5–18) 12.1 ± 5.2 (4–24) 0.496
2-year, OFF-state 18.3 ± 7.3 (7–40) 16.0 ± 4.0 (10–19) 19.0 ± 4.5 (11–30) 0.773
4-year, ON-state 13.9 ± 5.8 (4–32) 12.2 ± 2.9 (8–15) 13.0 ± 2.5 (8–16) 0.711
4-year, OFF-state 22.9 ± 6.5 (8–43) 21.5 ± 3.3 (18–26) 23.4 ± 3.9 (17–30) 0.865

UPDRS-IV
2-year 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1.000
4-year 0.3 ± 1.1 (0–6) 0.0 ± 0.0 0.6 ± 2.2 (0–8) 0.571

LEDD
2-year 307.7 ± 140.2 (100–640) 224.4 ± 161.3 (50–452) 321.8 ± 145.3 (80–610) 0.396
4-year 455.4 ± 201.9 (100–1135) 468.3 ± 104.9 (350–550) 443.5 ± 162.1 (210–810) 0.968

DA
2-year 62 (72.0) 4 (80.0) 10 (62.5) 0.693
4-year 44 (66.6) 3 (60.0) 9 (56.2) 0.481

IMAO-B
2-year 45 (51.7) 3 (60.0) 6 (37.5) 0.152
4-year 38 (57.5) 5 (100.0) 10 (62.5) 0.138

ICOMT
2-year 0 (0.0) 0 (0.0) 0 (0.0) 1.000
4-year 3 (4.5) 0 (0.0) 0 (0.0) 1.000

L-dopa
2-year 39 (45.3) 1 (20.0) 10 (62.5) 0.225
4-year 62 (78.4) 3 (60.0) 15 (93.7) 0.342

Time to L-dopa, months 25.3 ± 10.7 (3–48) 30.5 ± 6.4 (24–36) 22.2 ± 11.0 (3–42) 0.346
Antidepressant

2-year 10 (11.4) 0 (0.0) 2 (12.5) 1.000
4-year

NMSQ total score
Baseline 4.2 ± 3.3 (0–12) 3.4 ± 1.5 (2–5) 4.3 ± 2.9 (1–10) 0.837
2-year 4.1 ± 2.9 (0–14) 3.4 ± 1.5 (1–5) 3.8 ± 2.5 (0–8) 0.756
4-year 7.6 ± 3.9 (1–17) 9.3 ± 4.5 (5–14) 8.8 ± 4.5 (3–16) 0.540

Demographics, laboratory findings, comorbidities (categories of the comorbidity index: 0, 1, 2, and 3 or more conditions), clinical features, and treatments 
are shown from PD subjects without RLS and are compared to PD subjects with prevalent RLS (onset of RLS before baseline evaluation) or incident RLS 
(onset of RLS after PD diagnosis). Results are shown as mean ± standard deviation (range), or number (%). P values are reported from χ2 test, Fisher’s 
exact test, or analysis of variance, as appropriate. PD, Parkinson disease; RLS, restless legs syndrome; UPDRS, Unified Parkinson’s Disease Rating Scale; 
PIGD, Postural Instability-Gait Disorder; TD, tremor dominant; ND, not determined; LEDD, levo-dopa equivalent daily dosage; DA, dopamine-agonist; 
NMSQ, Non-Motor Symptom Questionnaire.
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age and gender), but not with inRLS occurrence, as compared 
to patients without RLS (Figure 2). No association was found 
between increased V3” values of unaffected caudate and prRLS, 

or inRLS, as compared to not having RLS (Figure 2). Increased 
V3” values of affected putamen were more likely associated with 
inRLS occurrence (P = 0.031; and P = 0.017 after adjusting for 

Table 2—Baseline clinical features and likelihood of RLS.

Unadjusted Model Adjusted Model (age, gender)

OR 95% CI P value OR 95% CI P valueLower Upper Lower Upper
Age

prRLS 0.974 0.876 1.083 0.631 0.973 0.873 1.084 0.625
inRLS 1.051 0.978 1.129 0.175 1.050 0.977 1.128 0.180

Gender
prRLS 2.400 0.257 22.395 0.442 2.412 0.257 22.572 0.440
inRLS 0.771 0.262 2.266 0.637 0.787 0.265 2.340 0.668

Iron
prRLS 0.983 0.954 1.013 0.291 0.984 0.956 1.012 0.274
inRLS 0.997 0.981 1.013 0.731 1.000 0.983 1.017 0.962

Ferritin
prRLS 0.994 0.979 1.010 0.523 0.995 0.979 1.010 0.548
inRLS 1.000 0.992 1.009 0.836 1.000 0.991 1.000 0.906

Haemoglobin
prRLS 1.035 0.486 2.202 0.929 0.974 0.459 2.066 0.947
inRLS 0.875 0.552 1.386 0.571 0.925 0.570 1.502 0.754

Creatinine
prRLS 0.107 0.000 25.197 0.423 0.064 0.000 22.327 0.358
inRLS 0.690 0.039 12.039 0.799 0.921 0.049 17.100 0.956

Comorbidities
prRLS 0.893 0.368 2.169 0.804 0.978 0.964 0.380 2.515
inRLS 1.675 0.985 2.850 0.057 1.589 0.090 0.930 2.717

V3” values in
Aff. caudate

prRLS 35.632 1.010 125.682 0.049* 45.108 1.844 241.392 0.032*
inRLS 2.023 0.543 7.535 0.293 1.981 0.551 7.119 0.294

Unaff. caudate
prRLS 51.261 0.562 4671.407 0.087 88.205 0.948 8206.931 0.053
inRLS 1.169 0.517 5.535 0.385 2.491 0.671 9.249 0.173

Aff. putamen
prRLS 6.560 0.060 706.663 0.431 5.455 0.049 598.081 0.479
inRLS 9.988 1.239 80.529 0.031* 16.222 1.638 160.597 0.017*

Unaff. putamen
prRLS 4.727 0.238 93.566 0.308 4.871 0.137 172.809 0.385
inRLS 1.793 0.376 8.546 0.463 4.586 0.706 29.751 0.110

UPDRS-III
prRLS 0.989 0.875 1.119 0.871 0.989 0.874 1.120 0.869
inRLS 1.016 0.948 1.089 0.642 1.014 0.946 1.087 0.681

PIGD/TD/ND
prRLS 0.788 0.206 3.012 0.729 0.711 0.188 2.687 0.616
inRLS 1.818 0.818 4.039 0.142 2.108 0.894 4.973 0.088

NMSQ total score
prRLS 0.913 0.667 1.249 0.569 0.931 0.680 1.274 0.659
inRLS 1.011 0.860 1.189 0.890 1.005 0.851 1.188 0.945

Baseline demographics, laboratory findings, comorbidities (categories of the comorbidity index: 0, 1, 2, and 3 or more conditions), SPECT imaging and 
clinical features are evaluated in relation to the likelihood of having prevalent RLS (prRLS, onset of RLS before baseline evaluation) or incident RLS (inRLS, 
onset of RLS after PD diagnosis), as compared to patients without RLS. P values, odds ratio (OR), lower and upper 95% confidence intervals (95% CI) are 
reported from multinomial logistic regression models (*P < 0.05). Analyses were then adjusted for age and gender, as appropriate. PD, Parkinson disease; 
RLS, restless legs syndrome; UPDRS, Unified Parkinson’s Disease Rating Scale; PIGD, Postural Instability-Gait Disorder; TD, tremor dominant; ND, not 
determined; NMSQ, Non-Motor Symptom Questionnaire.
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age and gender), but not with prRLS, as compared to patients 
without RLS (Figure 2). No association was found between in-
creased V3” values of unaffected putamen and prRLS, or inRLS, 
as compared to patients without RLS (Figure 2).

Finally, a multinomial logistic stepwise model selected in-
creased V3” values of affected caudate to be more likely as-
sociated with prRLS (P = 0.077), and increased V3” values 
of affected putamen with inRLS occurrence (P = 0.059), as 
compared to not having RLS (Figure 2).

DISCUSSION
The current study investigated RLS prevalence at the time of 
PD diagnosis, and RLS incidence during the course of PD with 
a longitudinal design. In the present de novo PD population, 
RLS prevalence at PD diagnosis seems not different from that 
previously described for idiopathic RLS in the general popula-
tion,31,37 as already suggested in different studies on de novo 
PD patients.15,17 However, our longitudinal design showed that 
RLS prevalence progressively increased during the course 
of PD (from 4.6% to 16.3% at 4-year follow-up), reaching 

prevalence rates in line with previous cross-sectional investi-
gations on PD populations.9,14 Interestingly, the incidence rate 
for RLS is apparently higher in the present de novo PD popu-
lation (6.8%), as compared to previous studies on representa-
tive general populations where it accounts for 0.2% to 2.2% 
within similar age ranges, although a formal comparison is not 
possible due to differences in the study populations.38–40 It is 
also worth discussing that comorbidities previously associated 
with RLS occurrence in the general population34,38 only had 
a partial effect on RLS incidence in the current PD popula-
tion. Therefore, RLS occurring during the course of PD can be 
considered secondary to PD evolution, and possibly presents 
pathophysiological correlates.

More in detail, the pathogenesis of PD and RLS seems to 
be intriguingly conflicting.41 In fact, previous pathological and 
neuroradiological studies associated idiopathic RLS with en-
hanced dopaminergic activity, whereas, in PD, nigrostriatal 
dopaminergic cells are noticeably reduced.3,41–46 However, few 
studies investigated neuroradiological correlates of RLS in PD, 
and generally found a trend of reduced hyperechogenicity in 
the substantia nigra at transcranial brain sonography in PD 
subjects with RLS, as compared to PD subjects without RLS, 
conversely presenting more impaired sonographic images.47,48 
Thus, current findings of PD subjects with RLS presenting 
more preserved nigrostriatal dopaminergic pathways at FP-
CIT SPECT as compared to PD subjects without RLS, are in 
line with previous investigations, and possibly suggest the in-
volvement of neurotransmitters different from dopamine.49

With a view to iron status, PD has been associated with iron 
accumulation in the brain, where it would exert different toxic 
effects and drive one of the main pathophysiological mecha-
nisms in PD, whereas opposite findings were found in idio-
pathic RLS.3,42–44,50 In the attempt to reconcile such different 
views, we might speculate that presence of RLS in PD would 
identify a subset of patients with relatively less iron pathology 
and, in turn, with a better phenotype.13,48 Accordingly, in our 
population, PD patients with RLS had more preserved nigros-
triatal dopaminergic pathways than those without RLS. The 
latter finding would also support a nonlinear relationship be-
tween dopaminergic dysfunction and presence of RLS, pos-
sibly suggesting a RLS generator outside of the nigrostriatal 
region. In particular, several studies have explored the dien-
cephalospinal pathway, responsible for a variety of afferent 
and efferent mechanisms leading to RLS.51 Therefore, since 
this structure is rostral to basal ganglia, it is possibly involved 
only after the onset of typical motor symptoms of PD.52

Furthermore, there are additional results of the present study 
that need to be discussed and compared to previous investi-
gations. In particular, no significant relationships were found 
between RLS and dopaminergic treatments or motor complica-
tions of PD, not supporting previous hypotheses of PD-related 
treatments and motor complications possibly determining rest-
lessness.17 Moreover, RLS incidence appeared to be more likely 
associated with higher age of PD subjects, as previously sug-
gested.13 In addition, RLS in PD seems to be mild to moderately 
severe, as previously reported,8 possibly also because of con-
comitant dopaminergic medications. It has to be discussed that 
due to the observational design of the present study, the treating 

Figure 2—DAT availability and RLS in PD. Box and whisker plots 
show differences in dopamine transporter (DAT) availability between 
Parkinson disease (PD) subjects without restless legs syndrome (RLS), 
and developing RLS before baseline evaluation (prevalent RLS, prRLS), 
or after PD diagnosis (incident RLS, inRLS). A multinomial logistic 
stepwise model selected increased V3” values of affected caudate to 
be more likely associated with prRLS (OR = 75.711; 95% CI = 0.493–
1162.232; P = 0.077) (A), and increased V3” values of affected putamen 
with inRLS occurrence (OR = 12.004; 95% CI = 0.135–4.398; P = 0.059) 
(B), as compared to patients without RLS (affected caudate and putamen 
are shown in dark gray, unaffected caudate and putamen are shown in 
light gray).

A

B
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physician decided on dopaminergic treatments and, thus, their 
potential benefit on RLS is difficult to evaluate. However, con-
sidering that the overall dopaminergic dose progressively in-
creased during the course of PD, together with RLS prevalence, 
it is possible to hypothesize that RLS occurring in PD only par-
tially responds to dopaminergic treatments.

With regard to the non-motor phenotype, the PD population 
was screened with the NMSQ, an effective tool for screening 
sleep disorders and, more in general, non-motor problems in 
PD in a clinical setting.24,25,53,54 PD subjects with RLS com-
plained more frequently of autonomic disturbances with par-
ticular regard to cardiovascular ones (such as dizziness), and of 
sleep disturbances (in particular insomnia and daytime sleepi-
ness), in accordance with previous studies.6,7,55–58 It is worth 
noting that the current non-motor profile might also suggest 
the presence of non-dopaminergic factors involved in the rela-
tionships between RLS and PD.6 In line with this, the possible 
involvement of different neurotransmitters in RLS occurring 
in PD might be responsible, at least in part, for the partial re-
sponse to dopaminergic treatments.

Finally, there are some limitations of the present study to 
be acknowledged, such as the specificity of the diagnostic cri-
teria of RLS in patients with PD, and similarly, the difficulty of 
rating RLS severity in patients with PD, which may interfere 
and confound RLS symptoms.32,59 Nonetheless, noticeable ef-
forts have been made to avoid the risk of secondary forms of 
RLS, and of confounding factors, such as motor restlessness in 
PD, a motor phenomenon that increases with the progression of 
PD.8,14 An underestimation of RLS prevalence during follow-
up visits is also possible because of concomitant treatments. In 
this regard, it is interesting to note that dopaminergic drugs 
were not found to be effective in patients with inRLS, pos-
sibly suggesting that were only identified more severe forms, 
thus leading to an underestimation of RLS in PD. Finally, the 
family history for RLS should have been investigated not only 
among RLS subjects, but in the whole population in order to 
have an estimate of the overall RLS predisposition in PD.

In conclusion, motor, non-motor and neuroimaging corre-
lates of RLS in PD have been presented but need to be consid-
ered preliminary, whereas future larger studies also including 
a control group and additional investigations, such as polysom-
nography or sleep specific scales, are warranted to specifically 
investigate these issues.
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