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Individuals with Restless Legs Syndrome Tend
to have Severe Depressive Symptoms:
Findings from a Community-Based Cohort Study
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Restless legs syndrome (RLS) is a sensorimotor neurological disturbance causing physical and psychological distress. Here, we investigated
the severity and effect of depressive symptoms in RLS among a Korean cohort population. Depressive symptoms were more prevalent in
the RLS group than in the non-RLS group [=mild depression: odds ratio (OR)=1.95, p<0.001; > moderate depression: OR=6.15, p<0.001;
and >severe depression: OR=56.54, p<0.001], with a predominant proportion of severe depression (97%) in the RLS group. We found that
difficulty falling asleep (OR=8.16, p<0.001), broken sleep (OR=11.66, p=0.001), early morning awakening (OR=8.5, p<0.001), and exces-
sive daytime sleepiness (OR=3.04, p=0.031) were significantly frequent in individuals with severe depression in the RLS group. Red
blood cell count was significantly low in individuals with severe depression in the RLS group (p=0.041). We found that severe depression
was associated with RLS, suggesting the evaluation and management of mood symptoms and sleep-related and hematological features

when treating RLS.
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INTRODUCTION

Restless legs syndrome (RLS) is a sensorimotor neurologi-
cal disturbance characterized by an unpleasant sensation in
and urge to move the legs at night.! Several epidemiological
studies have reported the prevalence of RLS in South Korea
between 7.5% and 12.1%.>* The essential diagnostic criteria
for RLS suggested by the International Restless Legs Syn-
drome Study Group (IRLSSG) are 1) desire to move the limbs,
usually associated with paresthesias/dysesthesias; 2) motor
restlessness; 3) symptoms worse or exclusively present at rest
(lying or sitting) with at least partial and temporary relief by
activity; and 4) symptoms worse in the evening or at night.*
Although the pathophysiology of RLS is not sufficiently estab-
lished, dysfunction in dopamine metabolism is proposed as a
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probable contributory factor.” Furthermore, several studies
have reported the importance of genetic factors in RLS.**
Hematological features such as anemia are also related with
RLS.*" In particular, iron deficiency anemia (IDA) has been
suggested as a major cause of RLS because cellular insuffi-
ciency of iron in the central nervous system decreases the activ-
ity of tyrosine hydroxylase resulting in RLS symptoms.'"* Pri-
or studies reported that patients with IDA showed a very high
RLS prevalence of about 40%.'*" Testing the serum ferritin
level is recommended in the process of RLS diagnosis. More-
over, there are various studies on the association between RLS
and hematological features including polycythemia vera,'* mul-
tiple myeloma," and blood donors."®

Although RLS symptoms do not cause life-threatening con-
sequences, chronic clinical RLS symptoms might have a per-
sistant influence on the patient’s daily life.”'® Apart from sleep
disturbances such as difficulties in falling asleep and frequent
awakenings, patients with RLS experience a poor quality of
life due to various other problems caused by RLS. Psycholog-
ical discomfort followed by RLS is considered as a serious prob-
lem in patients with RLS. RLS symptoms cause psychological
distress either directly or indirectly, and lead to psychiatric ill-
nesses and decreased well-being."”
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Several studies have shown the association between RLS
and mood disorders, especially between RLS and depressive
disorders. A 2- to 4-fold risk of depressive disorder in pa-
tients with RLS compared with healthy controls was report-
ed in epidemiological studies.” Winkelman et al.*! reported a
positive correlation between RLS symptom frequency and
depression severity. Moreover, patients with RLS had signifi-
cantly higher 12-month rates of major depression, panic dis-
order, or generalized anxiety disorder than controls.” Vari-
ous depression rating scales have been used to investigate the
association between RLS and depression including the Ham-
ilton Anxiety and Depression Scale,” the Center for Epide-
miologic Studies Depression Scale (CES-D),” the Zung Self-
Rating Depression,”" and the Beck Depression Inventory
(BDI).** Most studies, regardless of the type of method or
scale used, consistently reported a high correlation between
depression and RLS. Depression and RLS are frequently co-
morbid, and depressive mood symptoms may have an effect
on RLS and related features, such as clinical features, course,
treatment, and outcome.” In the previous study performed
on the same Korea cohort population as this present study,
depressive mood was correlated with RLS.” However, that
study focused on the association between RLS and irritable
bowel syndrome. For a more in-depth discussion, it will be
important to analyze the characteristic severity of depression
in the RLS group and evaluate the clinical features of patients
with RLS comorbid with depressive symptoms.

Here, we investigated the severity and effect of depressive
mood symptoms in RLS among the Korean cohort popula-
tion. We investigated the presence and severity of depressive
symptoms in patients with RLS by comparing them with those
of non-RLS controls. In addition, we analyzed the character-
istics of patients with RLS and severe depressive symptoms
compared with those without severe depressive symptoms.

METHODS

Study population

Subjects for the present study were from the Ansung and
Ansan cohorts of the Korea Association Resource (KARE)
project, and these cohorts were investigated as part of the Ko-
rea Genome Epidemiology Study (KoGES). A total of 7,515
participants ranging in age from 40 to 69 years were enrolled
in the cohort. Various epidemiological and health-related in-
formation, more than 260 traits, were collected for the cohort
study, such as demographic information, medical and family
disease histories, health condition, lifestyle, mood state, and
sleep-related symptoms.”® In the process of establishing the
KoGES, written informed consent and ethics committee ap-
proval had been previously obtained for the cohort study.””
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Approval from the Institutional Review Board (IRB No.
IEC107014) of Korea University was obtained for the use
and analysis of the cohort data.

Assessment

Subjects were asked 4 RLS-related questions based on the
following criteria: 1) an urge to move the legs, usually accom-
panied or caused by uncomfortable and unpleasant sensations
in the legs, 2) the urge to move or unpleasant sensations be-
ginning or worsening during periods of rest or inactivity such
as lying or sitting, 3) the urge to move or unpleasant sensa-
tions are partially or completely relieved by movement, such
as walking or stretching, at least as long as the activity con-
tinues, and 4) the urge to move or unpleasant sensations are
worse during the evening or night than during the day or only
occur in the evening or night.' Responders to the RLS symp-
tom questions were divided into the RLS group and non-RLS
group according to the answer to the 4 questions. Subjects
who answered “yes” to all the 4 questionnaire items were cat-
egorized into the RLS group, whereas subjects who answered
“no” to all the 4 questionnaire items were categorized into the
non-RLS group. Other subjects who answered “yes” to only 1
to 3 questionnaire items were excluded from the analysis. Fi-
nally, there were 142 subjects in the RLS group and 2,884
subjects in the non-RLS group in the present study.

Depressive mood symptoms of subjects were investigated
using the Korean version of BDI, which is used for the assess-
ment of depressive mood symptoms.”®* The severity of de-
pressive mood symptoms was classified according to the total
score of BDI; the total score of 10—15 indicates mild depressive
mood, 16-23 indicates moderate depressive mood, and 24~
63 indicates severe depressive mood symptoms. We used
each cutoff value for the analysis of depressive mood symp-
toms in RLS.

Insomnia problems were evaluated based on the following
3 types of symptoms: difficulty falling asleep, broken sleep,
and early morning awakening. Several aspects of sleep-wake
cycle-related problems were evaluated including nap and shift
work. Moreover, Epworth sleepiness scale (ESS) was used to
evaluate daytime sleepiness.” The total ESS score obtained was
used to classify excessive daytime sleepiness state with a score
of 10 points or more.

Laboratory test results of red blood cell (RBC) count, he-
moglobin (Hb) levels, and hematocrit (Hct) levels were ob-
tained from the cohort data, and we classified anemia based
on the Reference Values for Laboratory Tests in the textbook
of Internal Medicine.”

Statistical analysis
Statistical analysis was performed using SPSS software,



version 21.0 (IBM Corp., Armonk, NY, USA). We analyzed
whether there were significant differences in sex, age, and
depressive mood symptoms between the RLS and non-RLS
groups. We evaluated the effect of depressive mood symp-
toms on sleep-related symptoms and hematological features
within the RLS group. Chi-square test (y* test) or Fisher’s ex-
act test was performed on categorical variables to evaluate
association, and Student’s t-test was performed on continuous
variables to evaluate the difference between the groups. The
statistical significance was set at p<0.05.

RESULTS

The prevalence of female subjects in the RLS group (80;
56.3%) was higher than that in the non-RLS group (1,298;
45.0%) [odds ratio (OR)=1.577, p=0.008]. The mean age of
the RLS group (54.13£8.18 years; mean+SD) was significant-
ly higher than that of the non-RLS group (52.47£7.51 years)
(p=0.011). Furthermore, the total BDI score was significantly
higher in the RLS group than in the non-RLS group (RLS vs.
non-RLS; 15.36114.29 vs. 7.3716.03, p<0.001). For further
evaluation, we analyzed the depressive mood by severity ac-
cording to the standardized cutofts as mentioned earlier, be-
tween the two groups.

We analyzed the prevalence of depressive symptoms with-
in the 2 groups based on mild (BDI score >10), moderate (BDI
score 216), and severe depression (BDI score >24) cutofts of

CH Cho et al.

BDI There were 78 subjects without depression (54.89%), 2
subjects with mild depression (1.41%), no subjects with mod-
erate depression (0%), and 62 subjects with severe depression
(43.7%) in RLS group (n=142), and 2,031 subjects without de-
pression (70.35%), 530 subjects with mild depression (18.4%),
284 subjects with moderate depression (9.85%), and 39 sub-
jects with severe depression in non-RLS group (n= 2,884). De-
pressive mood symptoms were found to be more prevalent in
the RLS group than in the non-RLS group based on the 3 dif-
ferent severity cutoffs of BDI score (=mild depression: OR=
1.95, p<0.001; >moderate depression OR=6.15, p<0.001; and
=severe depression: OR=56.54, p<0.001) (Figure 1). More-
over, the prevalence of severe depression was predominantly
higher than that of mild or moderate depression in the RLS
group, whereas the prevalence of depression in the non-RLS
group reduced sequentially depending on its severity. Inter-
estingly, 97% of the subjects who reported depressive mood
symptoms showed severe depression according to the BDI score
within the RLS group.

To evaluate the effect of severe depressive mood symptoms
on RLS, we analyzed sleep-related and hematological features
only in subjects with RLS by dividing them into 2 subgroups,
the severe depression group (BDI score >24) and group with-
out severe depression (BDI score <24) (Table 1). We found
that difficulty falling asleep (severe depression vs. non-severe
depression; 61.3% vs. 16.3%, OR=8.16, p<0.001), broken sleep
(69.4% vs. 16.3%, OR=11.66, p=0.001), and early morning

[ RLS group (N=142) [ RLS group (N=142)
[] Non-RLS group (N=2,884) [] Non-RLS group (N=2,884)
(%) p<0.001 p<0.001 p<0.001 (%)
OR=195 OR=6.15 OR=56.54
50+ 50
45.10%
45 . 43.70% 43.70% 45| 43.70%
40 40
354 354
0,
304 29.60% 304
25 25
20 20 18.40%
137 11.20% 157
. 0 0

104 10l 9.85%

54 5

1.40% 1.41% 0.00% 1.40%
0 | — 0 — ’ —
More than mild More than moderate More than severe Mild depression Moderate depression Severe depression
depression depression depression (10<BDI score<16) (16<BDI score<24) (24<BDI score)
A (BDI score >10) (BDI score >16) (BDI score >24) B

Figure 1. Prevalence of depressive mood symptoms based on the severity according to Beck Depression Inventory (BDI) score between
restless legs syndrome (RLS) and non-RLS groups. A: Graphical representation of the prevalence of depressive mood symptoms according
to the BDI score between groups. The prevalence indicates accumulated prevalence over cutoff of the BDI score for mild (10<BDI score),
moderate (16=BDI score), and severe depression (24<BDI score). B: Graphical representation of prevalence of the severity of each depres-
sive mood symptom among the groups: Mild depression (10<BDI score<16), moderate depression (16<BDI score<24), and severe depres-

sion (24=BDI score).
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Table 1. Sleep-related and hematological features of subjects with severe depressive mood symptoms in the restless legs syndrome group

Sleep-related and

Subjects with severe depression

Subjects without severe depression

hematological features (N=62) (N=80) OR p-value
Mean=SD or N (%) Mean=®SD or N (%)
Insomnia problems
Difficulty falling asleep* 38 (61.3) 13 (16.3) 8.16 <0.001
Broken sleep* 43 (69.4) 13 (16.3) 11.66 0.001
Early morning awakening* 34 (54.8) 10 (12.5) 8.5 <0.001
Sleep-wake cycle related problems
Nap during daytime* 29 (46.8) 40 (50) 0.88 0.737
Shift worker* 8(12.9) 0(0) 0.4 0.001
Daytime sleepiness
ESS total score 6.7714.21 4.95+3.07 - 0.005
ESS score >10t 14 (22.6) 7(8.8) 3.04 0.031
Hematological features
Red Blood Cell count 4.3210.42 4.48+0.5 - 0.041
Hemoglobin 13.53%1.54 14.01£1.53 - 0.067
Hematocrit 40.7114.34 41.6114.16 - 0.211
Anemia* 9(14.5) 7 (8.8) 1.77 0.298

Students t-test was performed on continuous variables except for chi-square test (* test) or Fisher’s exact test. p<0.05. *chi-square test (y*
test), TFisher’s exact test. ESS: Epworth sleepiness scale, SD: standard deviation, OR: odds ratio

awakening (54.8% vs. 12.5%, OR=8.5, p<0.001) were signifi-
cantly frequent in the severe depression subgroup. This showed
the high risk of insomnia when RLS was comorbid with severe
depression. Nap during daytime (OR=0.88, p=0.737) was not
significantly different; 8 shift workers had severe depression
whereas individuals who were not shift workers were founded
in group without severe depression (OR=0.4, p=0.001). The to-
tal ESS score in severe depression subgroup was significantly
higher than that in subgroup without severe depression (severe
depression vs. non-severe depression; 6.77+4.21 vs. 4.95£3.07,
p=0.005). Excessive daytime sleepiness (ESS score >10) was
significantly frequent in the severe depression subgroup (se-
vere depression vs. non-severe depression; 22.6% vs. 8.8%, OR=
3.04, p=0.031) within the RLS group. Among hematological
features, only RBC count showed a significantly lower level in
the severe depression subgroup than in the subgroup without
severe depression (4.3210.42 vs. 4.48%0.5, p=0.041). Howev-
er, Hb (p=0.067), Hct (p=0.211), and anemia levels (p=0.298)
did not show any significant differences between the subgroups.

DISCUSSION

Depressive mood was found to be significantly more severe
and frequent in the RLS group than in the non-RLS group.
This result is in line with previous findings that RLS is closely
related to psychiatric problems, including depression. Previ-
ous studies have reported a close association between RLS
and depression, and it is presumed that depression is due to
direct or indirect effects of RLS, although no clear cause is
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known.”** In interpreting the results of this study, secondary
RLS or RLS due to medication, including antidepressants,
should be considered.”*** However, because of the limited
data in the present study, sufficient and careful consideration
was difficult. Nonetheless, it is possible that the most impor-
tant cause of depression is that RLS symptoms induce in-
somnia.* In this study, severe depression, according to the
BDI score, was predominantly frequent only in the RLS group
with very high risk. This is interesting because of not only high
BDI score and depression prevalence but also the high pre-
dominance of severe depression in the RLS group. In the pre-
vious study, only the relationship between RLS and depressive
symptoms was analyzed; however, no correlation between de-
pression severity and RLS was reported.”'>* In the present
study, we found that among the patients with depression (based
on BDI scores) in the RLS group, 97% of them had severe
depression. This result, for the first time, indicates that se-
vere depression is overwhelmingly frequent in patients with
RLS. Patients with RLS symptoms were affected not only by
the difficulty of sleeping due to RLS but also by various re-
lated causes and were also found to experience very severe
depressive symptoms. This information is very important to
the clinician for treating patients with RLS. Interestingly, a
multicenter, randomized, placebo-controlled study reported
that ropinirole, which is a dopamine agonist used for treat-
ing RLS, improved depressive and RLS symptoms in patients
with RLS.” This suggests a possible close pathophysiological
correlation between depressive symptoms and RLS.

Within the RLS group, we observed all 3 types of insom-



nia including difficulty falling asleep, broken sleep, and early
morning awakening, which were significantly prevalent in se-
vere depression subgroup. Severe depression was found to be
significantly associated with all types of insomnia with®*"*
times the risk within the RLS group. Insomnia is comorbid
with various psychiatric and physical states, and insomnia
often worsens the symptoms of the psychiatric and physical
state.”** Insomnia due to RLS and depressive symptoms
may affect and worsen each other. On the other hand, severe
depression may be exacerbated by the aggravation of insom-
nia in RLS. There was a significant difference in the number
of shift workers between subgroup with and without severe
depression. It is necessary to pay attention to interpretation
of the results because of the relatively small number in the
severe depression subgroup and lack of shift workers in the
subgroup without severe depression. However, since the mood
symptoms and RLS are closely related to the circadian rhythm
independently,** we speculated that the shift workers among
patients with RLS experienced severe depressive symptoms
due to an effect of the disturbed circadian rhythm. ESS total
score was significantly higher, and excessive daytime sleepi-
ness was significantly frequent in patients with severe de-
pression compared with those without severe depression in
the RLS group. This suggests that RLS comorbid with severe
depression might cause excessive daytime sleepiness. Patients
with depression often have insomnia or hypersomnia, and they
easily feel fatigue and loss of energy, which can be expressed
as excessive daytime sleepiness.*"** RLS is associated with day-
time sleepiness.”** Hence, we concluded that the risk of expe-
riencing excessive daytime sleepiness was higher in patients
with RLS with severe depressive symptoms than in those with
RLS without severe depressive symptoms.

Within the RLS group, only RBC count among the hema-
tological features showed a significantly lower level in patients
with severe depression than those without severe depression.
Although not statistically significant, the level of Hb tended
to be lower in patients with severe depression than in those
without severe depression. Hematological features were con-
sidered as the major causes of RLS, and various studies have
reported the association of RLS with hematological fea-
tures.”*** In the present study, we also found that some of the
hematological features related to RBC were associated with
patients with RLS experiencing severe depressive symptoms,
showing consistently low levels, although no association was
found with anemia.

The present study has several limitations that are impor-
tant to consider for the interpretation of the results. First,
the analysis was performed on the cohort sample not de-
signed for the study of RLS only. We could not enquire sub-
jects about the symptoms of RLS and other variables; howev-
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er, we obtained the information about RLS from the previously
collected cohort data. Since this cohort was originally designed
for the investigation of various medical features, it might lack
information about the variables that we were investigating.
However, it is meaningful that this cohort is not clinic-based
but community-based, especially for the investigation of co-
morbidity of RLS with depression. Second, almost all variables
except hematological features were obtained by subjective
self-reporting. It is limited information because clinicians did
not investigate the patients one-on-one; however, it is difficult
to investigate a large number of patients in a sample of over
thousands. Instead, the 4 essential symptoms of RLS were in-
vestigated, and some systemic self-rating scales (BDI and ESS)
were provided to the cohort samples. In addition, this cohort
was operated with a high level of quality as a national proj-
ect.” Third, laboratory tests of hematological features used
for the analysis were limited to find the association with RLS.
Other important laboratory tests such as serum ferritin level,
which is the most important test for evaluating the associa-
tion with the pathophysiology of RLS, could not be obtained
from the cohort data. As mentioned above, this study was not
designed for the study of RLS; it had limited variables. How-
ever, we could obtain data on some of the hematological fea-
tures and found significant findings in relation with RLS.

In summary, we found that RLS was significantly associ-
ated with depressive symptoms, especially severe depressive
symptoms, when compared with the non-RLS group. Moreover,
patients with RLS comorbid with severe depression showed all
types of insomnia, excessive daytime sleepiness, and low RBC
count. Based on these results, we suggest that mood symp-
toms such as depressive symptoms must be evaluated when
treating patients with RLS in clinical practice. In particular,
when patients with RLS experience severe depression, clini-
cians should treat patients focusing on insomnia and excessive
daytime sleepiness and evaluate the hematological mea-
sures. When treating patients with RLS comorbid with de-
pression, the RLS symptoms should be closely monitored
because antidepressant medications could aggravate the RLS
symptoms,***
tion of dopamine agonists such as pramipexole for control of

and the clinicians should consider the prescrip-

RLS symptoms.”" In the future, it would be possible to inves-
tigate the causality as well as the association between RLS
and depressive mood symptoms, if the study is performed on
a large number of community-based cohort samples designed
for the study of RLS.
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