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OBJECTIVES: Restless legs syndrome (RLS) is a frequent comorbid condition associated with distinct unrelated
diseases. While the incidence of RLS has not been definitively confirmed, RLS-like symptoms have been reported
in a section of Asian population who also had hyperthyroidism. The prevalence of RLS is generally low in Asian
populations. Under these circumstances, we hypothesized that in a population where RLS is common, such as in
Brazil, RLS could manifest as a comorbid ailment alongside Graves’ disease, a common hyperthyroid condition.

METHODS: In a cross-sectional survey, 108 patients who presented with Graves’ disease were analyzed for
restless legs or associated symptoms.

RESULTS: Twelve patients (11.1%) displayed symptoms of RLS prior to the incidence of Graves’ disease. These
patients experienced worsening of the symptoms during their hyperthyroid state. Six patients (5.6%) developed
RLS, consequent upon the incidence of Graves’ disease as per the consensus of the panel of the experts. Fifteen
patients (13.9%) also presented with RLS-like symptoms without any discernible circadian feature of the
syndrome.

CONCLUSION: Our findings confirm that Graves’ disease might trigger restless legs-like symptoms, while the
condition of hyperthyroidism could also be complicated by definite RLS.
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’ INTRODUCTION

Restless legs syndrome (RLS), also known as Willis-Ekbom
disease (WED), is a sensorimotor disorder which is diag-
nosed based on specific clinical criteria (1-4). While the
disease occurs mainly in adults, children have also been
reportedly affected (3-5). It often manifests as a comorbid
condition alongside several unrelated diseases (6). RLS is
defined by five cardinal characteristics: a) the patients feel
the urge to move their legs when they are either resting or
inactive (lying down or sitting); b) their urge is usually
accompanied by paresthesia or pain, deep within the legs;
c) the symptoms are often relieved by movement; d) the
symptoms occur exclusively or predominantly during the
evening and night (circadian aspect), and e) the symptoms
are not the result of any other medical or behavioral
condition (2,3). It is believed that hypofunctioning of the

dopaminergic system might underpin the pathophysiology
of RLS as dopamine (DA) agonists are very effective in
alleviating RLS symptoms (4,7,8).
Among the hypofunctioning dopaminergic systems that

could contribute to RLS, the tuberoinfundibular pathway
and the diencephalon spinal dopaminergic system are the
most promising (4,9-12). In the tuberoinfundibular pathway,
one of the four major dopaminergic systems in the brain,
dopamine is secreted as a neurohormone in the pituitary stalk.
This causes an inhibition of prolactin release and thyroid-
stimulating hormone (TSH) (13-15). DA inhibits the secretion
of TSH by the pituitary, consequently diminishing TSH-
induced actions on the thyroid gland, thereby decreasing
thyroid hormone (TH) release. Thus, the excitability of the
peripheral somatosensory system also decreases (10,16-22).
It is interesting to note that in the 1970s, researchers

observed that intravenous infusion of DA decreased TSH
levels (23). Furthermore, pramipexole, one of the best DA
agonists used to treat RLS, could decrease TSH levels (24).
These two pharmacological facts suggested that an increase
in the activity of the thyroid axis might be involved in
the genesis of RLS symptoms. Besides, numerous reports
indicated the peripheral nervous system as the neuroanato-
mical site wherein RLS symptoms are initiated (10,25-27).
As mentioned earlier, RLS is associated with various other

diseases (6). Thus, it is interesting to investigate the possibleDOI: 10.6061/clinics/2020/e2140
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presence of RLS or RLS symptoms in patients presenting
with a hyperthyroidism state such as Graves’ disease (GD).
To the best of our knowledge, only three articles examining
these effects have been published by Tan EK et al. (28-30) in
Singapore. Their findings demonstrated that symptoms of
RLS are common in patients with hyperthyroidism. How-
ever, they could not find any patient wherein a definite case
of RLS could be confirmed as none of the patients displayed
any characteristic circadian pattern of RLS such as worsening
of symptoms in the evening and night (2). These observa-
tions (28,29) indicated that hyperthyroidism did not cause
RLS; that is, RLS and hyperthyroidism did not exist as
comorbid conditions. However, these investigations were
concentrated on patients from Singapore, and the prevalence
of RLS in the Asian population is generally very low (only
0.1%) (30). In Brazil, within the state of São Paulo, there is a
large population of Portuguese, Italian, and African descen-
dants, and the prevalence of RLS is much higher (occurring
in at least 6.4% of the Brazilian adults) (31). These con-
siderations motivated us to conduct this cross-sectional
survey to search for RLS symptoms among patients pre-
senting with Graves’ disease.

Patients and Methods
Over a period of 1 year, we interviewed 108 patients

within the age range of 13–71 years with a median age of
46±15.8 years (SD). All patients presented with GD and
were outpatients of a clinic for thyroid diseases at the Depart-
ment of Endocrinology within the Universidade Federal
Paulista (UNIFESP), School of Medicine, São Paulo, Brazil.
Among the studied population, 65% of the patients were
either Portuguese or Italian, approximately 5% were African-
Americans, while 30% had mixed ancestry. The patients
received treatment for a median of 4.5±4.3 years (SD). All of
them were already free of GD symptoms and were in a stable
euthyroid condition after treatment with antithyroid drugs
and/or radioactive iodine. Although free of GD symptoms,
seven patients still presented with laboratory signs of
hyperthyroidism. All patients were thoroughly diagnosed as
per their laboratory results and clinical diagnosis of GD in the
UNIFESP tertiary-care ambulatory unit. We recorded the
medical history of only the patients who could clearly recall
the RLS symptoms they might have had. As such, our final
cohort (after the exclusion of six patients) comprised 108
patients: 94 female (87%) and 14 male (13%). We conducted
face-to-face interviews with the patients regarding RLS
symptoms they might have had before GD started, during
the active phase of GD, and after the hyperthyroidism was
cleared. All interviews were administered by one of us (MPH)
and the following questions were asked: i) When at rest (lying
or sitting), did you feel any odd sensations within your legs
during the active period of your GD (for odd sensations, we
explained that they were those typical of RLS sensorial
symptoms described by the majority of RLS patients); ii) Were
these symptoms ameliorated when you moved your legs; iii)
Did the symptoms resurface after you stopped your move-
ment; iv) Did you feel the symptoms at least twice a week,
even sometimes with an interval of a few weeks without the
symptoms; v) Was there any difference in these symptoms
according to the time of the day?
Were they more intense in the evening and at night; vi) Did

you feel these symptoms before the GD started; vii) If they
were present before GD, did they worsen with the thyroid

disease; viii) After the thyroid was treated, did the symptoms
cease? We did not ask anything about sleep duration or sleep
quality of the patients because hyperthyroidism, per se, impairs
sleep, and this question could be more of a confounder than a
clarification. One of us (JCPJr.) also interviewed 36 patients
with the same questions within the scope of corroboration
of our inquiry. This work was conducted in the Faculdade
de Medicina de Jundiaí, and was approved by the Committee
of Ethics on Investigative Studies in humans in our institu-
tion (2014).

’ RESULTS

The second interviewer (JCPJr.) obtained the same inter-
view responses with the 36 patients as obtained by the first
interviewer (MPH), although the emphasis on the responses
to each question varied slightly. Based on the interview
responses, we were able to obtain four different phenotypes
(groups) related to RLS-like symptoms, the results are
summarized in Table 1.

Group 1: Patients with GD having RLS symptoms, but
without the presence of the circadian characteristic that
defines RLS, which is not definite RLS triggered by GD.
RLS symptoms were not present prior to GD. There were 15
patients in this group (13.9%). Of them, 11 patients informed
us that they did not feel RLS symptoms when they became
euthyroid. The other four patients informed that while the
symptoms had improved after GD, they were not entirely cured.

Group 2: Patients with GD presenting definite RLS prior
to GD. These patients also experienced worsening of RLS
symptoms during the hyperthyroid condition. Further, the
worsening of the symptoms was more intense in the even-
ings and nights. There were 12 patients in this group (11.1%).

Group 3: Patients with GD without definite RLS prior
to GD. Only after the incidence of GD, definite RLS was
manifested. As by its definition, RLS occurred during, and
not after, the hyperthyroid condition. There were six patients
in this group (5.6%).

Group 4: Patients with GD who did not present any RLS
symptoms prior to GD or during GD. There were 75 patients
in this group (69.4%).

’ DISCUSSION

Our results from the Group 1 phenotype (13.9%) suggest
that GD might trigger RLS-like symptoms (mimic RLS), that
is, without the typical circadian aspect that characterizes

Table 1 - Phenotypes in relation to RLS-like symptoms obtained
in this inquiry.

NUMBER OF
PATIENTS PHENOTYPES

GROUP 1
15 PATIENTS
(13.9%)

Patients without RLS prior to GD and those who
developed RLS-like symptoms, without the
definite RLS circadian characteristics, during GD

GROUP 2
12 PATIENTS
(11.1%)

Patients presenting definite RLS prior to GD who also
experienced worsening of RLS symptoms during GD

GROUP 3
6 PATIENTS
(5.6%)

Patients without definite RLS prior to GD and who
developed definite RLS during GD

GROUP 4
75 PATIENTS
(69.4%)

Patients with GD who did not develop any symptom
of RLS
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definite RLS. We believe that this might occur because of the
high levels of circulating TH in patients with GD, which may
be so elevated that the DA systems are unable to counteract
the large number of action potentials fired by the hyperexcit-
ability of the somatosensory system, deep inside the legs.
We hypothesize that the circadian aspect that defines RLS in
normal individuals is a consequence of the circadian increase
in TH axis activity in the evening, as mentioned above (20).
However, in GD, the thyroid gland is deregulated, and TH
levels do not follow the typical circadian rhythm. Instead, the
thyroid gland is incessantly stimulated by immunoglobulin
directed against TSH receptors that releases TH into circu-
lation. This causes loss of the normal daily TSH levels curve
(32). Tan EK et al. observed a similar effect in 8.8% of the
patients with hyperthyroid they studied (29). In our view, the
difference in percentages between both the surveys stems
from the fact that in Brazil, RLS is more common in normal
individuals (at least 6.4%) than in Singapore (0.1%) (30). In
Group 1, 11 patients informed us that they did not experience
RLS-like symptoms when they became euthyroid. The other
four patients in Group 1 informed us that the symptoms had
improved but were not entirely cured.
In Group 2 of our study, 12 patients (11.1%) presented with

RLS prior to GD. This diagnosis was clearly established in
face-to-face interviews, although seven patients did not
systematically present with typical RLS symptoms twice a
week. Seven patients had frequent symptom remission for
2 or more weeks, during which they were free of unpleasant
sensations and the urge to move their legs. We observed that
10 patients within this group had light or moderate RLS
symptoms as defined by experts in RLS (7). However, only
two patients had moderately severe RLS. This prevalence of
definite RLS prior to GD (11.1%) is in accordance with the
numbers presented in the medical literature (between 5%
and 15% in European populations) (2). All 12 patients in this
group reported that when GD was initiated, they experi-
enced the worsening of RLS symptoms that were present
before GD. Symptoms occurred much more frequently,
paresthesia or pain was more intense, and the urge to move
their legs increased. The typical RLS symptoms of the
patients in Group 2 continued to follow the circadian
characteristic of RLS, which involved worsening at night.
As such, given that the levels of TH in GD are continuous
during the day (32), we believe that a decline in the DA
counteracting systems during the night contributes to the
continuity of the circadian characteristic of definite RLS
in these patients. The results from the patients in Group 2
patients suggest that not only does the thyroid axis activity
need to increase at night for the fourth criterion of RLS
to manifest; but also a larger than normal decline in DA
counteracting systems might evince it. Of the 12 patients in
Group 2, six informed us that their definite RLS returned to
baseline when they were not experiencing GD; four patients’
RLS had ameliorated after GD treatment, and the other two
patients informed us that they were not sure if their RLS had
been ameliorated after GD treatment.
Among the 108 patients with GD, six (Group 3), presented

with definite RLS after GD, but they did not have any RLS
symptoms prior to GD, suggesting that in some patients,
hyperthyroidism might lead to the development of definite
RLS as a comorbidity. As explained above, during GD, TH
levels do not have any specific circadian characteristics (32).
Notwithstanding, 5.6% of our patients with GD developed
all the characteristics typical of definite RLS. We hypothesize

that the neurohormone DA, in its daily curve of liberation,
decreases during the evening and night more than normal,
making it unable to counteract the hyper-excitability of the
peripheral sensitive nerves deep inside the legs (4), because
of an increase in the circulating TH levels in the patients with
GD in Group 3.
Seventy-five (69%) of our patients (Group 4) did not

present with either definite RLS or symptoms that mimicked
RLS. This suggests that these patients were not prone to
develop RLS or that the systems they had to counteract
elevated TH levels were effective in their regulatory func-
tions in peripheral somatosensory system activity.

’ CONCLUSIONS

The results obtained from this cross-sectional survey
suggest that hyperthyroidism might trigger RLS-like symp-
toms or even definite RLS, as specified by a committee of
experts on this disease. Pramipexole, a first-line therapeutic
drug against RLS, diminishes the circulating levels of TH,
which is considered a side effect of this dopaminergic agonist.
It is possible that this ‘‘side effect’’ is indeed a therapeutic
action of pramipexole against RLS/WED.
This study was approved by the ‘‘Committee of Ethics

of Research on Humans’’ of our institution, Faculdade de
Medicina de Jundiaí, São Paulo, Brazil.

’ AUTHOR CONTRIBUTIONS

Pradella-Hallinan M conceived and designed the study, conducted the face-
to-face patient interviews and contributed toward writing the manuscript
and researching pertinent literature. Pereira Jr JC contributed to the face-
to-face interviews, writing of the manuscript as well as researching pertinent
literature. Martins J contributed with his expertise on Graves’ disease in the
studied patients.

’ REFERENCES

1. Ekbom KA. Restless legs: A clinical study. Acta Med Scand. 1945;158:
1-122.

2. Ekbom K, Ulfberg J. Restless Legs Syndrome. J Intern Med. 2009;266(5):
419-31. https://doi.org/10.1111/j.1365-2796.2009.02159.x

3. Pichietti DL. Restless legs syndrome/Willis-Ekbom disease and periodic
limb movement disorder in children; in Chervin R; editor: UpToDate.
2015.

4. Pereira JC, Hallinan MP. Willis-Ekbomdisease (Restless Legs Syndrome)
Pathophysiology: The Imbalance between Dopamine and Thyroid
Hormone Theory. J Sleep Disorders Ther. 2013;2:139.

5. Pereira Jr. JC, Pradella-Hallinan M, Alves RC. Childhood restless legs
syndrome. MedicalExpress. 2014;1(3):116-22.

6. Szentkirály A, Völzke H, Hoffmann W, Trenkwalder C, Berger K. Multi-
morbidity and the risk of restless legs syndrome in 2 prospective cohort
studies. Neurology. 2014;82(22):2026-33. https://doi.org/10.1212/WNL.
0000000000000470

7. Rye DB, Trotti LM. Restless legs syndrome and periodic limb movement
disorders; in Barkoukis, Matheson, Ferber and Doghramji; editors: Ther-
apy in Sleep Medicine. Elsevier Saunders. 2012; pp.307-23. https://doi.
org/10.1016/B978-1-4377-1703-7.10024-6

8. Rye DB, Freeman AAH. Dopamine in behavioral state control; in Monti
JM, Pandi-Perumal SR, and Sinton CM; editors: Neurochemistry of Sleep
and Wakefulness. Cambridge University Press, Cambridge. 2008; pp.179-
223. https://doi.org/10.1017/CBO9780511541674

9. Pereira JC Jr., Pradella-Hallinan M, Lins Pessoa HD. Imbalance between
thyroid hormones and the dopaminergic system might be central to
the pathophysiology of restless legs syndrome: a hypothesis. Clinics (Sao
Paulo). 2010;65(5):548-54. https://doi.org/10.1590/S1807-593220100005
00013

10. Pereira JC Jr., Silva Neto JL, Pradella-Hallinan M. Restless legs syndrome
in subjects with knee prosthesis: evidence that symptoms are generated
in the periphery. Clinics (Sao Paulo). 2011;66(11):1955-9. https://doi.org/
10.1590/S1807-59322011001100017

11. Pereira JC Jr., Rocha e Silva IR, Pradella-Hallinan M. Transient Willis-
Ekbom’s disease (restless legs syndrome) during pregnancy may be

3

CLINICS 2020;75:e2140 RLS in patients with Graves’ disease
Pereira Jr. et al.

https://doi.org/10.1111/j.1365-2796.2009.02159.x
https://doi.org/10.1212/WNL.0000000000000470
https://doi.org/10.1212/WNL.0000000000000470
https://doi.org/10.1016/B978-1-4377-1703-7.10024-6
https://doi.org/10.1016/B978-1-4377-1703-7.10024-6
https://doi.org/10.1017/CBO9780511541674
https://doi.org/10.1590/S1807-59322010000500013
https://doi.org/10.1590/S1807-59322010000500013
https://doi.org/10.1590/S1807-59322011001100017
https://doi.org/10.1590/S1807-59322011001100017


caused by estradiol-mediated dopamine overmodulation. Med Hypoth-
eses. 2013;80(2):205-8. https://doi.org/10.1016/j.mehy.2012.11.030

12. Clemens S, Rye D, Hochman S. Restless legs syndrome: revisiting the
dopamine hypothesis from the spinal cord perspective. Neurology.
2006;67(1):125-30. https://doi.org/10.1212/01.wnl.0000223316.53428.c9

13. Malenka RC, Nestler EJ, Hyman SE. Neural and Neuroendocrine Control
of the Internal Milieu; in Sydor A, Brown RY; editors: Molecular Neuro-
pharmacology: A Foundation for Clinical Neuroscience, 2nd edition.
McGraw-Hill, New York. 2009; p.249.

14. Kandel ER, Schwartz JH, Jessel TM, Siegelbaum, Hudspeth AJ. Princi-
ples of Neural Science, 5th edition. McGraw-Hill, New York. 2013;
p.1572.

15. Shupnik MA, Greenspan SL, Ridgway EC. Transcriptional regulation
of thyrotropin subunit genes by thyrotropin-releasing hormone and
dopamine in pituitary cell culture. J Biol Chem. 1986;261(27):12675-9.

16. Guyton AC, Hall JE. Textbook of Medical Physiology, 11th edition. Else-
vier. 2006.

17. Nunez J, Celi FS, Ng L, Forrest D. Multigenic control of thyroid hormone
functions in the nervous system. Mol Cell Endocrinol. 2008;287(1-2):1-12.
https://doi.org/10.1016/j.mce.2008.03.006

18. Pereira JC Jr., Andersen ML. The role of thyroid hormone in sleep
deprivation. Med Hypotheses. 2014;82(3):350-5. https://doi.org/10.1016/
j.mehy.2014.01.003

19. Pannain S, Van Cauter EV. Modulation of endocrine function by sleep-
wake homeostasis and circadian rhythmicity. Sleep Med Clin. 2007;
2(2):147-159. https://doi.org/10.1016/j.jsmc.2007.03.001

20. Pereira Jr JC, Alves RC. The ‘‘forbidden zone for sleep’’ might be caused
by the evening thyrotropin surge and its biological purpose is to enhance
survival: a hypothesis. Sleep Sci. 2011;4(2):1-5.

21. Lindvall O, Björklund A, Skagerberg G. Dopamine-containing neurons in
the spinal cord: anatomy and some functional aspects. Ann Neurol.
1983;14(3):255-60. https://doi.org/10.1002/ana.410140302

22. Rios Romenets S, Dauvilliers Y, Cochen De Cock V, Carlander B, Bayard
S, Galatas C, et al. Restless legs syndrome outside the blood-brain

barrier--exacerbation by domperidone in Parkinson’s disease. Parkinsonism
Relat Disord. 2013;19(1):92-4. https://doi.org/10.1016/j.parkreldis.2012.
07.019

23. Delitala G. Dopamine and T.S.H secretion in man. Lancet. 1977;
2(8041):760-1. https://doi.org/10.1016/S0140-6736(77)90259-8

24. Schilling JC, Adamus WS, Palluk R. Neuroendocrine and side effect
profile of pramipexole, a new dopamine receptor agonist, in humans.
Clin Pharmacol Ther. 1992;51(5):541-8. https://doi.org/10.1038/clpt.
1992.60

25. Ekbom KA. Restless legs in amputees. Acta Med Scand. 1961;169:419-21.
https://doi.org/10.1111/j.0954-6820.1961.tb07851.x

26. Pereira JC. Editorial: Are symptoms of restless legs syndrome generated
in the periphery of the nervous system or are they born centrally?
J Neurosci Rural Pract. 2013;4(1):1-2. https://doi.org/10.4103/0976-
3147.105598

27. LeWitt PA. Post-traumatic Origin of Unilateral Restless Leg Syndrome.
Mov Disord Clin Pract. 2018;5(3):323-4. https://doi.org/10.1002/mdc3.
12594

28. Tan EK, Ho SC, Koh L, Pavanni R. An urge to move with L-thyroxine:
clinical, biochemical, and polysomnography correlation. Mov Disord.
2004;19(11):1365-7. https://doi.org/10.1002/mds.20219

29. Tan EK, Ho SC, Eng P, Loh LM, Koh L, Lum SY, et al. Parkinsonism Relat
Disord. 2004;10(3):149-51. https://doi.org/10.1016/j.parkreldis.2003.11.003

30. Tan EK, Seah A, See SJ, Lim E, Wong MC, Koh KK. Restless legs
syndrome in an Asian population: A study in Singapore. Mov Disord.
2001;16(3):577-9. https://doi.org/10.1002/mds.1102

31. Eckeli AL, Gitaı́ LL, Dach F, Ceretta H, Sander HH, Passos AD, et al.
Prevalence of restless legs syndrome in the rural town of Cassia dos
Coqueiros in Brazil. Sleep Med. 2011;12(8):762-7. https://doi.org/10.1016/
j.sleep.2011.01.018

32. Schuppert F, Diegelmann B, Geest T, Wagner TO, von-zur Muhlen A. Loss
of variability in Graves’ disease: stimulatory TSH-receptor antibodies
bind to the TSH-receptor in a continued, non-pulsatile and non-chaotic
fashion. Chronobiologia. 1994;21(1-2):21-32.

4

RLS in patients with Graves’ disease
Pereira Jr. et al.

CLINICS 2020;75:e2140

https://doi.org/10.1016/j.mehy.2012.11.030
https://doi.org/10.1212/01.wnl.0000223316.53428.c9
https://doi.org/10.1016/j.mce.2008.03.006
https://doi.org/10.1016/j.mehy.2014.01.003
https://doi.org/10.1016/j.mehy.2014.01.003
https://doi.org/10.1016/j.jsmc.2007.03.001
https://doi.org/10.1002/ana.410140302
https://doi.org/10.1016/j.parkreldis.2012.07.019
https://doi.org/10.1016/j.parkreldis.2012.07.019
https://doi.org/10.1016/S0140-6736(77)90259-8
https://doi.org/10.1038/clpt.1992.60
https://doi.org/10.1038/clpt.1992.60
https://doi.org/10.1111/j.0954-6820.1961.tb07851.x
https://doi.org/10.4103/0976-3147.105598
https://doi.org/10.4103/0976-3147.105598
https://doi.org/10.1002/mdc3.12594
https://doi.org/10.1002/mdc3.12594
https://doi.org/10.1002/mds.20219
https://doi.org/10.1016/j.parkreldis.2003.11.003
https://doi.org/10.1002/mds.1102
https://doi.org/10.1016/j.sleep.2011.01.018
https://doi.org/10.1016/j.sleep.2011.01.018

	title_link
	INTRODUCTION
	Patients and Methods

	RESULTS
	DISCUSSION
	Table  Table 1. Phenotypes in relation to RLS-like symptoms obtained in this inquiry
	CONCLUSIONS
	AUTHOR CONTRIBUTIONS

	REFERENCES
	REFERENCES


