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Introduction: Restless legs syndrome (RLS) is a chronic sensorimotor disorder characterized
by discomfort or pain, predominantly in the legs, resulting in an urge to move during times of
rest. These disturbances are often accompanied by sleep fragmentation, which can significantly
increase medical comorbidities over time and can have a detrimental effect on a patient’s overall
quality of'life. In this retrospective study, we examined the temporal relationship between the time
of RLS diagnosis and the onset of non-motor symptoms (NMS) and medical comorbidities.
Patients and methods: Thirty-six RLS patients were evaluated for age at: symptom onset,
time of diagnosis, time of occurrence of NMS, and medical comorbidities. We used struc-
tured interviews, validated questionnaires, and past medical records to aggregate and verify
patient data. There was no clinical evidence to suggest secondary RLS in any patient at time
of diagnosis.

Results: Twenty-five patients were diagnosed as having RLS alone and eleven were diagnosed
with RLS and Parkinson’s disease (RLS + PD). In the RLS + PD group, irrespective of which
disorder presented first, we found that patients exhibited symptoms of RLS at a significantly
later age than those patients with RLS alone (P<<0.05). The incidence and severity of NMS were
significantly higher in the RLS + PD group compared to RLS alone and controls (P<<0.001).
Increased risk of RLS was identified in patients exhibiting mood changes and sleep deficits, and
these risk factors manifested 5 and 10 years prior, respectively, to their diagnosis.
Conclusion: Primary RLS develops earlier in those patients who only have RLS compared to
those who later also develop PD. Mood and sleep impairment can be present years prior to the
diagnosis of RLS. Other medical comorbidities associated with RLS included hypertension,
hyperlipidemia, arthritis, chronic pain, and diabetes.

Keywords: restless legs syndrome, non-motor symptoms, medical comorbidities, risk factors
for RLS

Introduction

Restless legs syndrome (RLS) is a chronic sensorimotor disorder affecting between
3.9% and 14.3% of the population.! It is characterized by discomfort or pain in the
lower extremities while sitting or lying down and results in an urgency to move the
limbs. These motor disturbances often result in sleep deprivation and extreme fatigue,
which can have significant effects on quality of life. Additionally, this pattern of sleep
deprivation can also lead to chronic diseases, and may ultimately lead to an increase in
mortality rates among patients with the condition.? Therefore, the presence of RLS may
be predictive of comorbid conditions later. In this study, our objectives were to retro-
spectively evaluate the timeline of onset/diagnosis of RLS and associated autonomic,
cognitive and behavioral symptoms, and to evaluate the medical comorbidities and

submit your manuscript
Dove

http:

Journal of Parkinsonism and Restless Legs Syndrome 2015:5 33-38 33
© 2015 Sanghera et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/JPRLS.S82392
mailto:manjit.sanghera@texashealth.org

Sanghera et al

Dove

risk factors for the early prediction of RLS, in RLS patients.
For comparison, autonomic, cognitive and behavioral issues
were also examined in Parkinson’s disease (PD) and age-
matched controls.

Patients and methods

Patients

Thirty-six consecutive patients volunteered for this study.
All were females. The patients were diagnosed with RLS by
the movement disorder neurologist (EE), according to the
five essential URGED (urge to move the legs; rest worsens
the symptoms; gyration or movement provides relief of
symptoms; evenings/nighttime onset or worsening of symp-
toms; denial of another primary cause of the symptoms)
diagnostic criteria set by the International RLS Syndrome
Study Group.?

Thirty-two patients diagnosed with PD also agreed to
participate in the study. The PD diagnosis was made accord-
ing to the UK Brain Bank criteria of having bradykinesia
and at least one of the following — unilateral 4-6 Hz resting
tremors, muscular rigidity, and postural instability.* Patients
with PD and RLS displayed clinical features common to both
disorders. All patients attended the Movement Disorders
Clinic at Scott & White Neuroscience Institute, Temple, TX,
from 2008 to 2011. Additionally, 42 age-matched healthy
controls without any personal or family history of RLS or PD
were also recruited. The Scott & White Hospital Institutional
Review Board approved the study and all participants signed
informed consent forms.

Procedures

Full medical records, history, demographic profiles, and
questionnaires were completed for all subjects. The non-
motor symptoms assessment scale for PD (NMSPD) was
used to assess severity of autonomic symptoms;’ the Beck
Depression Inventory II scale,® the Epworth Sleep Scale,’
the Montreal Cognitive Assessment scale,® and a structured
interview were performed. The severity of RLS was assessed
using the International RLS Rating Scale.’ Family members
and caregivers familiar with the patients’ past medical his-
tories also attended the interviews.

Statistical analysis

One-way analysis of variance (ANOVA) and Tukey’s test were
utilized for group mean comparisons and Pearson’s correla-
tion coefficients were calculated for symptoms within each
group. Multivariable Cox proportional hazards regression
model identified factors associated with increased risk of

RLS. All patient characteristics and presence/absence of
symptoms were included in the model. Data were considered
to be significant if they reached a P<<0.05 as calculated by
SAS 9.2 (SAS Institute Inc., Cary, NC, USA) and Sigmastat
(Jandell Corp, Systat Software, San Jose, CA, USA).

Results

Symptom onset and diagnosis

Of the 36 patients diagnosed with RLS, 69% (N=25; all
females) were diagnosed with RLS alone and 31% (N=11;
seven females; four males) were additionally diagnosed with
PD (RLS + PD). Of these eleven, seven were first diagnosed
with RLS followed 3.8+1.7 (mean + standard deviation) years
later by PD. The remaining four were diagnosed with PD first
followed 3.320.5 years later by RLS.

In the RLS alone group, the self-reported age of RLS
motor symptom onset was 40.9£16.3 years which is sig-
nificantly earlier than the age of clinical diagnosis, and
significantly earlier than in patients who had RLS and PD
(Table 1). Of the 25 RLS patients, 60% had a family his-
tory of RLS, 12% had a first-degree relative with essential
tremor and 16% had a family member with PD. Of the
seven patients with RLS + PD, only two had a family his-
tory of RLS.

At the time of diagnosis, no RLS patient had an iden-
tifiable comorbidity present and there was no laboratory
evidence of secondary RLS. These patients were therefore
identified as having primary RLS. However, electromyogram/
nerve conduction studies were not conducted and estrogen
levels were not determined.

Symptom characteristics and severity

RLS symptoms in the RLS group had an earlier onset and
were significantly more severe than in the RLS + PD group
(28.6+7.2 vs 22.2+7.2 respectively, Table 1). Daytime
sleepiness was present in all groups and was significantly
more pronounced in the three patient groups compared to
controls (P<<0.05). Cognitive deficits were significantly more
pronounced in the PD patients (P<<0.05) and depression was
significantly higher in all three patient groups compared to
controls, with the greatest severity in the RLS + PD patients
(P<0.05).

There was a high degree of variability both in the inci-
dence of autonomic symptoms and their severity (as assessed
by the NMSPD) in each patient group. The severity of each
symptom, calculated from the symptom intensity and the
frequency of its occurrence, ranged from one (minimum) to
12 (maximum). The total mean score of non-motor deficits
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Table | Non-motor symptoms in restless legs syndrome (RLS), RLS + Parkinson’s disease (RLS + PD), PD, and control subjects

Categories RLS (N=25) RLS + PD PD (N=32) Controls
(N=11) (N=44)
i. Age of onset 40.9+16.3 63.417.8° 65.218.4°
ii. Age of Dx 49.8+12.9 64.817.8° 67.118.1°
iii. RLS 28.6+7.2: 22.247.2°
iv. ESS 9.4+4.8 8.213.3: 7.445.0° 4.612.9°
v. MoCA 26.6%1.6 26.8£1.9° 24.114.3° 27.5%1.8
vi. BDI 9.617.1° 11.849.1° 8.615.5° 3.144.3°
NMSPD % patients Symptom % patients Symptom % patients Symptom % patients  Symptom
w symptom severity w symptom severity w symptom severity w symptom severity
CV (24) 20 1.0+0.9* 73 5.0£3.0° 69 2.612.0° 9 0.1+0.04°
Sleep/fatigue (48) 100 22.0+7.7 100 22.048.1* 84 6.616.0° 36 1.7£1.5¢
Mood/cognition (72) 56 12.8+6.6 36 6.9£5.9° 43 12.0+7.4° 25 1.0£1.0¢
Perception/hallucination (36) 20 0.4+1.0* 80 5.0+2.7° 34 2.742.3¢ 5 0.2+0.2?
Attention/memory (36) 72 6.0+5.0° 91 13.7£9.0° 8l 7.0+5.3° 23 0.8+0.7¢
Gastro intestinal (36) 36 3.8+2.4 73 6.1£5.5% 55 6.413.6° 5 0.240.2¢
Urinary (36) 40 4.5£3.0° 82 9.216.8° 80 10.7+6.0° 32 1.7£1.5¢
Sexual (24) 24 1.9+2.12 55 5.0t4.0° 49 5.5+3.5° 14 0.940.1¢
Miscellaneous (48) 60 3.744.5* 100 152485 89 13.8£5.7° 5 0.02£0.1¢

Notes: One way analysis of variance (ANOVA) was used for Tukey’s pair-wise comparison of mean scores + SD in RLS, RLS + PD, PD, and controls. Superscripts denote
differences between groups (P<<0.05). Three groups with different superscripts indicate significantly different means. i. Mean age (years) of onset and diagnosis of disorder;
ii. Mean age (years) of diagnosis; iii. severity of RLS; iv. severity of day time sleepiness (Epworth Sleep Scale, ESS); v. cognitive impairment (Montreal Cognitive Assessment
scale, MoCA); vi. depression (Beck Depression Inventory scale [BDI]). Non-motor symptoms assessment scale for PD (NMSPD) was used to assess severity of autonomic
symptoms in all patient groups; number in parenthesis is the total score possible for each domain. Values given for each domain are the percentage of patient reporting the

presence of symptoms and their severity.
Abbreviations: SD, standard deviation; w, with; Dx, diagnosis; CV, cardiovascular.

was greater in the RLS + PD group (97.3148.6) than in the
RLS (62.91£36.9) and PD (70.2435.9) groups, and these
scores were significantly different from controls (10.219.8).
Interestingly, Pearson’s correlation indicated that all auto-
nomic domains within the three patient groups and controls
were correlated with each other except for sleep and sexual
dysfunction.

Comorbidities

The top comorbidities in RLS were hypertension (67%),
hyperlipidemia (52%), arthritis (48%), and chronic pain with
diabetes (41%). In RLS + PD patients, hypertension (80%),
hypercholesterolemia (60%), arthritis and allergies (60%)
were the most prevalent. In control subjects, hypertension was
the most significant medical condition (33%). We were unable
to confirm comorbidities in a separate PD control group.

An analysis of the likelihood of developing RLS in the
presence of non-motor symptoms (NMS) was estimated with
time-to-event curves plotted by the Cox proportional hazards
regression model and were depicted with Kaplan—Meier
curves (Figure 1).

The hazard ratio, which describes the relative risk
of developing RLS if NMS are present, was calculated.
Five years prior to the diagnosis of RLS, the presence of
anxiety (mood/cognition; P<<0.004) indicated a greater prob-

ability of developing RLS compared to those without anxiety.
The presence of insomnia/sleep fragmentation 10 years prior
to diagnosis was predictive of the development of RLS (sleep/
fatigue; P<<0.0005).

Discussion

RLS can be classified as either primary or secondary. Primary
RLS can occur before the age of 45 (early onset) or after
45 (late onset) years and is independent of other diseases.
Secondary RLS symptoms, on the other hand, tend to occur
after the age of 45 years and are associated with other comor-
bid health conditions.®> Several population-based studies
report the onset of RLS occurring prior to the age of 10 years
in 8%—13%, and 20 years in 27%—-38% of the RLS popula-
tion, respectively.'” In our small RLS population, 20% of RLS
patients reported onset symptomology at the mean age of 14.4
years with sleep-onset insomnia/nocturnal awakenings being
early manifestations of the disorder. However, the RLS age of
diagnosis in these patients was not until 28 years. A similar
time interval between onset and diagnosis was seen in patients
whose symptom onset occurred between the ages of 20 and
45 years. After the age of 45 (40% of our RLS patient popu-
lation) years, the time interval between symptom onset and
diagnosis decreased to 3 years, suggesting that symptoms
prior to the age of 45 years may not be significant enough to
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Figure | Kaplan—Meier estimates of percentage of subjects with RLS free are compared.

Notes: (A) Between patients who had sleep/fatigue symptom (solid line) and those who did not have sleep fatigue symptom (dashed line); (B) between patients who
had mood/cognition deficit (solid line) and who did not have mood/cognition deficit (dashed line). These curves indicate that, for example, at age of 60 years, estimated
percentages of subjects with RLS free are 25% and 50% for patients with sleep abnormalities and for patients with mood/cognition deficits, respectively. (C) Non-motor
symptoms that showed the increased risk of developing RLS. HR is the relative risk of developing RLS in the presence vs the absence of the symptoms.

Abbreviations: RLS, restless legs syndrome; HR, hazard ratio; yrs, years.

impel patients to seek medical help or that the disease went
undiagnosed by medical professionals.

RLS prevalence is more common in women than men, an
observation also noted in this study, which consisted entirely
of women. Although the reported increase in prevalence in
women is not fully understood,'" it may be related to high
estrogen levels, low folate and iron levels that occur with
hormonal changes, use of antidepressants, and/or a greater
willingness of women, in comparison to men, to report
symptoms.

There is evidence for a genetic predisposition in
patients with primary RLS.'” We found a familial pattern
in 68% of our RLS population and a significant correlation
between the presence of primary RLS among first- and
second-degree relatives, the onset of symptoms before
the age of 45 years, and slower progression of the disease.
Presence or absence of a genetic component did not pre-
clude patients from developing other disorders, notably
hypertension (67%), hyperlipidemia (52%), arthritis
(48%), neuropathy with chronic pain (41%), and sleep
apnea (37%). Diabetes, hypercholesterolemia, hypothy-
roidism, and chronic kidney disease were also present,
but to a lesser degree. In contrast, 34% of age-matched

controls reported the use of medication to treat hyperten-
sion and hypercholesterolemia.

RLS can also coexist with neurodegenerative diseases
such as PD."? Nineteen percent of our RLS patients also
developed PD within 3—4 years after RLS diagnosis and
11% developed RLS after PD diagnosis. The coexistence
of both disorders raises the much-debated possibility of
there being a dopaminergic etiological link between two.!?
Dysfunction of the A11 dopaminergic diencephalic spinal
neurons has been proposed to underlie the pathophysiology
of RLS," while degeneration of midbrain A9 nigrostriatal
dopamine neurons is accepted to underlie PD pathology.
Although the cause of A11 dysfunction in RLS is unknown,
one may hypothesize that A9 nigrostriatal dopamine neu-
rons degenerate along with suboptimally functioning A1l
diencephalic dopamine neurons, leading to the development
of PD and RLS." Our finding that the diagnosis of the two
disorders occurs within a relatively short 3-year period may
be interpreted as supporting an association between the two
under certain conditions. However, more studies are needed
to identify the pathologic hallmarks of primary RLS.

Autonomic dysfunction was present in all patient groups
(RLS + PD > PD > RLS > controls). Neuronal loss and
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the presence of Lewy bodies in central autonomic regula-
tory areas such as the hypothalamus and sympathetic and
parasympathetic systems have been detected in PD and are
thought to underlie symptoms of dysautonomia.'* However,
Lewy body presence in postmortem RLS brains have not been
identified and, because the intensity of autonomic symptoms
was mild and highly variable, it is possible that the reported
autonomic changes in RLS patients are non-specific to this
disorder. It would be interesting to conduct a longitudinal
study on these RLS patients to determine if the severity of
autonomic dysfunction increases with time.

Of all the domains examined in the NMSPD, sleep and
fatigue were the most consistently and severely affected in
all patient groups. Sleep disturbances have been reported as a
key morbidity factor leading to major depressive disorder in
RLS."%15 In a large multinational study on the prevalence and
impact of RLS, Allen et al® found that more than 75% of those
diagnosed with RLS had at least one sleep-related symptom.
Our data indicate that anxiety/depression and insomnia are
consistently present in both RLS and RLS + PD patients.
The timeline of the appearance of these symptoms in both
groups is approximately 5 and 10 years respectively prior
to the diagnosis of the disorder. These data and our obser-
vation that all domains are correlated with each other in all
patient groups, suggest that sleep fragmentation/deprivation
can be associated with a multitude of other deficits and this
impairment may be the underlying cause of many medical,
endocrine, and behavioral deficits.

The patients with RLS and with PD in this study attended
a movement disorder clinic and therefore our results may be
subject to selection bias. However in designing the study, we
felt that the benefit of having a proper diagnosis and categori-
zation of RLS by a movement disorder specialist outweighed
this disadvantage. This selection bias could affect the inter-
pretation of the results and we recommend confirmation of
our results in a larger general medical population.

In summary, there are three main preliminary observa-
tions from this study: 1) primary RLS develops much earlier
in patients diagnosed solely with RLS than in those with
PD or PD + RLS; 2) dysautonomia is present in RLS but is
significantly milder and is more highly varied in RLS-only
patients, compared to that seen in PD or in PD + RLS; the
occurrence of RLS and PD together significantly increases

the dysautonomia profile; and 3) the presence of anxiety and
insomnia, 5 and 10 years respectively prior to the diagnosis
of RLS, is a major risk factor for developing RLS.
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