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Abstract

Purpose Celiac disease may be associated with restless
legs syndrome (RLS) because of an association with iron
deficiency. Often, RLS negatively affects quality of life but
may remain undiagnosed. This study evaluated the asso-
ciation between celiac disease and RLS.

Results The incidence of RLS among 85 patients with
celiac disease was 35%, with a prevalence of 25% com-
pared with 10% of spouses (P < 0.02). In 79% of patients
with RLS and celiac disease, neuromuscular symptoms
began during or after onset of gastrointestinal symptoms.
Iron deficiency was present in 40% of celiac patients with
active RLS compared with 6% of patients without RLS
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(P <0.001). After 6 months of a gluten-free diet, RLS
symptoms improved in 50% of 28 patients.

Conclusion Screening for celiac disease in patients with
RLS is important since this commonly overlooked silent
disease may be a correctable factor for some patients with
idiopathic RLS.
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Introduction

Celiac disease is common among white Americans [1],
though for many patients, the disease is often undiagnosed
for years [2, 3]. Gastrointestinal (GI) symptoms of celiac
disease include diarrhea, abdominal pain, weight loss, and
constipation [2, 4]. Celiac disease can also occur without
GI symptoms, and it should be considered in patients with
disorders such as osteoporosis, autoimmune diseases,
infertility, and thyroid disease [2], and in children with
recurrent urinary tract infections [3].

Celiac disease has been associated with neurological
disorders including peripheral neuropathy, cerebellar
ataxia, autonomic dysfunction, myopathy, infantile hypo-
tonia, developmental delay, learning disorders, attention
deficit hyperactivity disorder, occipital calcifications, sei-
zures, and migraines [5—11]. These disorders may occur in
patients with a wide range of GI symptoms.

Restless legs syndrome (RLS) is a central nervous sys-
tem disorder that is either idiopathic or secondary to a
number of conditions and is recognized as the compelling
urge to move the legs that worsens at night, often with
discomfort [12]. Approximately 7% of the general US
population experiences RLS, resulting in sleep disruption
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and a poor quality of life [13]. The association between
RLS and celiac disease has not been previously reported.

Iron deficiency is a common extraintestinal complica-
tion of celiac disease and may precede GI symptoms [14,
15]. Important neurology research has shown that patients
with RLS usually have central nervous system iron defi-
ciency [16] and may have reduced peripheral iron levels
[17]. Also, low amounts of ferritin appear to correlate with
increased RLS symptom severity [18]. The commonality of
iron deficiency with both celiac disease and RLS prompted
an investigation of the epidemiology of RLS in patients
with celiac disease.

Methods
Study Design and Definition of Cases

Adults with celiac disease were prospectively interviewed
at a community adult gastroenterology clinic over a
6-month period (October 2007 to March 2008) for study
inclusion. Additional patients were recruited to the study
by a search of a database of patients with celiac disease
seen at the same gastroenterology practice during the pre-
vious 5 years (October 2002 to October 2007). Evaluation
included every patient given the International Classifica-
tion of Diseases code 579.0 for celiac disease. A chart
review documented that standardized criteria for celiac
disease were met. The diagnostic criteria to include
patients with celiac disease included GI symptoms and/or
idiopathic iron deficiency anemia that improved on a glu-
ten-free diet, concomitant with one of the following: (1)
duodenal villous blunting or atrophy, increased intraepi-
thelial lymphocytes, elevated tissue transglutaminase
immunoglobulin A antibody (tTG; first generation assay
abnormal result was tTG >30 U/ml and second generation
assay abnormal result was tTG >10 U/ml), and a normal
serum immunoglobulin A (IgA) level; (2) duodenal villous
blunting or atrophy and increased intraepithelial lympho-
cytes (included patients who were not tested for tTG or
those who had a low tTG level with a low total IgA level);
or (3) an elevated tTG.

Patients who met the inclusion criteria were evaluated
for RLS. One gastroenterologist (Leonard B. Weinstock)
conducted all the standardized interviews. The interviewer
asked all patients to confirm that “a survey could be
given regarding celiac disease and a condition called
restless legs syndrome.” The interviewer described RLS,
and patients were asked if they had experienced RLS
symptoms at some point in their life. Patients were con-
sidered to have RLS if they met all four International
Restless Legs Syndrome Study Group diagnostic criteria
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[19], including the following: the urge to move legs with
some discomfort; motor restlessness, symptom worsening
with rest that is relieved by movement, worsening of
symptoms late in the day or at night. These criteria were
reviewed with patients, and a positive response to ques-
tions about each was required to establish a positive
history of RLS. Incidence of RLS was defined as having
had RLS during any period of the patients’ lives. Preva-
lence of RLS was defined as having active RLS symp-
toms at the time patients completed the survey. A human
studies committee approved the study (Sterling Institu-
tional Review Board; Atlanta, GA). The prevalence of
RLS in the spouses of patients and the age of the spouses
were determined during the patient interviews. The
spouses served as the control population for prevalence
data.

Data Collection

Clinical characteristics, concomitant secondary RLS dis-
eases, family history of RLS, history of anemia and iron
deficiency, and timing of RLS onset with respect to GI
symptoms were queried. Data were collected to determine
the use of selective serotonin reuptake inhibitors (SSRIs),
tricyclic antidepressants, dopamine receptor blockers, an-
tipsychotics, and dopamine agonists because these medi-
cations can affect RLS symptom severity [20]. A review of
patients’ laboratory data was performed to validate a his-
tory of iron deficiency. Restless legs syndrome severity
was determined by a prospective assessment using the
international restless legs scale (IRLS) [19] in those cur-
rently affected. The IRLS system comprises ten questions
with responses ranging from 0 to 4 (range of score, 0-40);
the score reflects the frequency and severity of sensory and
motor aspects of RLS on sleep, mood, and activities of
daily living. Patients were asked if RLS symptoms
improved on a gluten-free diet, and, if so, to estimate the
percent of symptom improvement and the length of time to
achieve improvement. Patients were also asked whether
they took iron supplements during this time. Patients with
inactive RLS were asked retrospectively to describe an
average week when they experienced RLS symptoms using
the IRLS questionnaire.

Statistical Analysis

The chi-square test was used to compare patient and con-
trol groups. A P value of <0.05 was considered significant.
Odds ratios (ORs) and 95% confidence intervals (CIs)
estimated by unconditional logistic regression were used to
evaluate the prevalence of RLS in patients compared with
spouse controls.



Dig Dis Sci (2010) 55:1667-1673

1669

Results
Participants

Ninety-five patients met RLS criteria; ten patients from
the database search were lost to follow-up (three died and
seven moved without an available telephone number or
address). All remaining 85 patients completed the survey:
34 patients during prospective clinic visits and 51 patients
(identified through the database search) during telephone
interviews. The study included 85 patients with celiac
disease and 63 spouses without celiac disease. A similar
percentage of patients with celiac disease and RLS was
married (73%) compared with patients with celiac disease
without RLS (75%; Table 1). More males were in the
spouse control group than in the celiac group, but the
mean age of the spouse group was not significantly dif-
ferent than that of the celiac group. Most study partici-
pants had their celiac disease diagnosed with a positive
biopsy and had an elevated tTG or a positive biopsy alone
(Table 1).

Secondary Risk Factors for RLS

Secondary RLS conditions other than iron deficiency were
uncommon in the patients with and without RLS. A review
of family histories revealed prevalence of RLS in a first-
degree relative of approximately 20% in both patient
groups (Table 1). One patient with RLS had a first-degree
relative with both celiac disease and RLS. A similar pro-
portion of patients with RLS took SSRIs (7%) compared
with patients without RLS (9%), and use of SSRIs did not
appear to have an effect on RLS symptoms. No patients
with RLS used tricyclic antidepressants compared with 4%
of patients without RLS. No RLS study participants used
dopamine antagonists or dopamine agonists. One patient
without RLS who also had Parkinson’s disease took
dopaminergic medication. Medication data were not
available for the spouse controls.

Restless Legs Syndrome in Patients with Celiac
Disease and Risk of Iron Deficiency

None of the celiac patients with RLS had been previously
diagnosed with RLS by a physician or knew that they
could seek treatment for this condition. The incidence of
RLS in patients with celiac disease was 35%; the inci-
dence of RLS was not evaluated in spouse controls. The
prevalence of RLS in patients with celiac disease was
25% (95% CI, 15-34%) compared with a prevalence of
10% (95% CI, 2-17%) in spouse controls (P < 0.02;
OR = 3.1; Fig. 1). The percentage of female patients with
celiac disease and RLS (93%) was higher than the

Table 1 Demographics and baseline characteristics of patients with
celiac disease

Clinical characteristics Patients with Patients without

RLS (n = 30) RLS (n = 55)
Mean age (SD), years 50 (16) 51 (19)
Male:female, n 2:28 14:41
First-degree relative with 6 (20) 11 (20)
RLS, n (%)
Married, n (%) 22 (73) 41 (75)
Mean duration of disease 14 (16) 10 (13)
(SD), years
Mean time since celiac 6 (10) 6 (12)
disease diagnosis (SD),
years
Current iron 6 (20) 509)
supplementation, n (%)
Celiac disease diagnostic group, n (%)"
A 14 (47) 33 (60)
B 13 (43) 16 (29)
C 3 (10) 6 (11)
Comorbidity, n (%)°
Fibromyalgia 2 (7) 2(7)
Type 1 diabetes 0 (0) 14
Parkinson’s disease 0 (0) 14)
Rheumatoid arthritis 14 0 (0)
Mean duration of RLS 6 (10) -
symptoms (SD), years
Mean IRLS score (SD)¢ 16 (7) -
RLS symptoms before GI 6 (21) -
symptoms, n (%)
RLS with iron deficiency, 42 —
%
Patients who experienced 14 (50) -
RLS symptom relief on
GFD, n (%)°
Mean improvement in RLS 78 -

symptoms on GFD, %

GFD Gluten-free diet, GI gastrointestinal, /RLS International Restless
Legs Syndrome Study Group Restless Legs Syndrome Scale, RLS
restless legs syndrome, SD standard deviation

4 Celiac disease diagnostic groups: A, positive biopsy and transglu-
taminase immunoglobulin A antibody (tTG); B positive biopsy; C
positive tTG and no biopsy. All groups had gastrointestinal symptoms
and/or iron deficiency that improved when patients followed a gluten-
free diet

° Denominators adjusted for incomplete questionnaire data

¢ IRLS symptom scale was an assessment of symptom severity dur-
ing a normal 2-week period of active RLS (normal range 0-40).
Prospective determination in 21 of 30 respondents

9 Two patients were surveyed after starting the GFD and were not
assessed for response to diet

percentage of female patients with celiac disease but
without RLS (75%; P < 0.05). Concomitant iron defi-
ciency was significantly more common in celiac patients
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Fig. 1 Restless legs syndrome (RLS) prevalence in patients with
celiac disease and their spouses. Patients with celiac disease were
significantly more likely to have RLS than their spouses (P < 0.02)

with active RLS (40%) than celiac patients without RLS
(6%; P < 0.001; Table 2; Fig. 2). A larger proportion of
celiac patients with active RLS also had a prior history of
iron deficiency (57%) than celiac patients without RLS
(44%), but the difference was not significant (P = 0.441;
Table 2). Interestingly, a lower percentage of celiac
patients with RLS were currently anemic (15%) compared
with celiac patients without RLS (39%), but the differ-
ence was not significant (P < 0.057; Table 2). Comparing
celiac patients with active RLS versus prior RLS, a higher
percentage of patients with active RLS symptoms had
current iron deficiency than patients with a prior history
of RLS (Table 2), although no formal statistical compar-
isons were conducted.

Table 2 Restless legs syndrome, iron deficiency, and anemia in
patients with celiac disease

Parameter Patients, n/n (%)
Active RLS  Prior RLS  Without RLS
(n=21) n=9) (n=54)
Current iron deficiency 8/20 (40)*°  1/8 (13)*° 3/54 (6)*
Prior iron deficiency 12/21 (57)¢ 6/8 (75)F  24/54 (44)*

Current anemia 3/20 (15)&¢ (%8 21/54 (39)*

RLS Restless legs syndrome

* Data missing for one patient

® P < 0.001 versus patients without RLS
¢ P = 0.441 versus patients without RLS
4 P = 0.057 versus patients without RLS
¢ P = 0.433 versus patients without RLS
T P = 0.141 versus patients without RLS
€ P = 0.043 versus patients without RLS
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Fig. 2 Iron deficiency and restless legs syndrome (RLS) in patients
with celiac disease. Patients with RLS were significantly more likely
to have iron deficiency than patients without RLS

Characteristics and Outcome of Restless Legs
Syndrome

Restless legs syndrome started during or after the onset of
GI symptoms in 79% of patients and before GI symptoms
in 21% (Fig. 3). Restless legs syndrome went undiagnosed
and untreated in patients for an average of 6 years (range,
0.5-40 years; standard deviation, 10 years; Table 1).
Patients with RLS had their celiac disease diagnosed for a
mean of 6 years but recalled having GI symptoms for an
average of 14 years before a formal diagnosis. However,
patients without RLS experienced a mean of 10 years

100

79%

80

60 -

40

Patients, %

21%

20 4

Before GI During/After Gl
symptoms symptoms
(n=29) (n=29)
Onset of RLS Symptoms

Fig. 3 Percentage of patients with celiac disease and restless legs
syndrome (RLS) (n = 30) who described having onset of RLS
symptoms before or during/after initiation of gastrointestinal (GI)
symptoms. A substantially greater percentage of patients with celiac
disease reported initiation of RLS symptoms during or after
experiencing GI symptoms rather than before experiencing GI
symptoms. Noteworthy is the fact that RLS may precede GI
disturbance and diagnosis of celiac disease
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(standard deviation, 13 years) of GI symptoms before their
celiac disease was diagnosed. The difference in the dura-
tion of celiac disease in patients who had the disease
diagnosed and those who did not was not clinically
significant.

Twenty-eight of the patients with RLS were interviewed
to see if they thought that initiating the gluten-free diet
correlated with overall improvement of RLS symptoms. Of
this group, 14 (50%) stated that their RLS symptoms
improved on a gluten-free diet, and the mean percent
improvement of RLS symptoms was 78%, which occurred
after a mean of 5.7 months on a gluten-free diet. Restless
legs syndrome resolved completely in nine of these
patients. Two patients had their RLS diagnosed close to the
time of study initiation, so they were not asked to describe
the effects of a gluten-free diet on their RLS symptoms.

Discussion

This study is the first to investigate the epidemiology of
RLS in celiac disease. Restless legs syndrome was found to
be a frequently associated condition in 85 patients with
celiac disease: the incidence was 35%, and the prevalence
was 25%. The findings of this study have clinical impor-
tance for several reasons. Celiac disease is emerging as
the “great modern-day imposter,” often presenting with
extraintestinal manifestations [21]. Celiac disease is often
clinically silent or has mild GI symptoms and, therefore,
may be undiagnosed for many years. Most cases of RLS
are idiopathic [20], and determining adequate treatment
can be challenging [13]. In this study, 50% of 28 patients
had substantial improvement in their RLS symptoms after
gluten withdrawal. This might be due to improved iron
absorption, although other factors such as reductions in
inflammation or bacterial overgrowth may have played a
role in some patients. Recognition that RLS occurs in
patients with celiac disease could yield potential diagnostic
and therapeutic benefits for both groups of patients.

This study presents the epidemiology of RLS in patients
with celiac disease, and because an association between the
two conditions has been newly recognized, further studies
are warranted. The small sample size and the retrospective
nature of the study, including the potential for patients’ self-
selection for inclusion and recall bias of RLS and celiac
disease symptoms, could limit the accuracy of the results.
Ferritin levels were not measured in or available from all
patients. This made the assessment of RLS severity and
comparison of iron deficiency problematic, although low-
normal ferritin levels (<50 ng/ml) are clinically significant
in RLS [18, 22, 23]. The use of spouses for controls may
have been less ideal than age- and sex-matched controls,
since prevalence of RLS tends to vary by sex in large

epidemiologic studies. In 10,263 French adults, the inci-
dence of RLS over a 12-month period in females was 10.8%
compared with 5.8% in males [24]. In 2,019 Canadians,
17% of females and 13% of males had RLS [25]. In 1,803
adults in the United States, the prevalence of RLS was 10%
and did not differ by sex [26]. In another study that we
performed in 272 patients with Crohn’s disease and 177
spouse controls, both groups were well matched for age and
sex distribution, and the prevalence of RLS in spouses was
8% [27]. In comparison, the prevalence of RLS in spouse
controls in the current work was 10%, indicating that the
presence of RLS in this group was similar to that found in
larger studies within the general adult population [25, 26].
The overall higher prevalence of RLS in patients with celiac
disease in this study compared with spouse and historical
controls is an interesting finding. Furthermore, this obser-
vation may not be limited to adults, as others in the com-
munity setting have observed RLS to be frequently
diagnosed in pediatric patients with celiac disease (Alessio
Fasano, MD, personal communication, January 2008).
The original rationale for this study was that both con-
ditions often have concomitant iron deficiency, and central
nervous system iron deficiency is a pathogenic factor in
RLS. Peripheral iron deficiency can be subtle and variable
in patients with celiac disease [14, 15], as often is the case
in patients with RLS [17]. Central nervous system iron
deficiency does not always correlate with peripheral iron
deficiency, although to varying degrees, iron repletion can
be helpful in the management of patients with RLS [16,
28]. After patients with celiac disease initiate a gluten-free
diet, anemia may improve without iron administration, but
there is a lag time to total correction of iron deficiency [14].
In one study, after 6 months of a gluten-free diet, 14 of 18
patients (78%) recovered from anemia, but only 5 of 18
(28%) recovered from iron deficiency, and at 12 months
only 9 of 18 patients (50%) experienced normalization of
their iron deficiency [14]. These observations help support
the finding of the present study in which 50% of 28 patients
had RLS improvement, and patients felt most relieved of
RLS symptoms after a mean of 6 months after starting the
gluten-free diet. Iron deficiency was found to be more
common but not universal in patients with celiac disease
and active RLS than in those with celiac disease and prior
RLS or those with celiac disease but without RLS.
Furthermore, small intestinal bacterial overgrowth
(SIBO) is associated with both celiac disease [29] and irri-
table bowel syndrome (IBS) [30, 31], suggesting that
increases in inflammation due to a high concentration of
intestinal bacteria may be involved in both conditions. This
is particularly interesting given that refractory symptoms of
celiac disease [29] and IBS [32] can be relieved by antibiotic
therapy. In healthy volunteers, administration of bacterial
lipopolysaccharides induced the expression of inflammatory
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cytokines (i.e, interleukin-6), which was temporally asso-
ciated with hypoferremia [33]. Interleukin-6 upregulates the
levels of hepcidin, a liver-produced hormone that controls
plasma iron levels by regulating absorption of dietary iron
from the intestine [34, 35]. Hepcidin in turn induces the
internalization and degradation of ferroportin, reducing
cellular iron efflux [35]. Although alternative explanations
are possible, we hypothesize that celiac disease—associated
SIBO can lead to chronic inflammation and poor iron uptake,
which can both increase the likelihood of developing RLS
and exacerbate RLS symptoms [16].

This study suggests that celiac disease is frequently
associated with RLS and that treatment with a gluten-free
diet, aggressive replacement of iron, or antibiotic treatment
of bacterial overgrowth may improve the quality of life in
patients with celiac disease who have RLS. Screening for
celiac disease in patients with idiopathic RLS may have
importance because celiac disease is a commonly over-
looked silent disease. Thus, celiac disease may be an
underlying correctable factor for some patients diagnosed
with idiopathic RLS.
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