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Abstract

Background: Restless Legs Syndrome (RLS) is characterizechbgmfortable nocturnal sensations
in the legs making sedentary activities and sleificult, and thus is linked with psychosocial
distress. Due to the symptomatology and neurobjotddRLS (disrupting brain iron and dopamine) it
is likely that RLS associates with poorer healtlaterl quality of life (HRQL) and depressive
disorder. The objective of this study was to inigede the RLS-HRQL and the RLS-depressive
disorder links in a generally healthy populatioattis not biased by medications.

Methods: Complete data, including the Cambridge-Hopkins Rjuestionnaire, the 12-item short-
form standardized health survey (SF-12), the MBjepression Inventory (MDI), body mass index,
smoking status, alcohol consumption, and educatene available for 24,707 participants enrolled in
the Danish Blood Donor Study from May 1, 2015 tbfeary 1, 2017. Information on quality of sleep
was available for all RLS case€k:itests andnultivariable logistic regression models were agplio
examine the associations of RLS and MDI scores, taedphysical and mental component scores
(PCS and MCS) of SF-12, respectively. Analyses veeneducted separately for men and women.
Results: RLS associated with poorer MCS and poorer PCS. Mane Participants with RLS were
more likely to classify with depressive disordenoPquality of sleep was associated with depressive
disorder and poorer MCS among RLS cases, and withep PCS in female RLS cases.

Conclusion: Thus, we demonstrated that RLS is associated wiigrificantly lower HRQL and a
higher prevalence of depressive disorder amongwibe healthy individuals.

Key words: Restless legs syndrome; RLS; WED; Willis-Ekbom; quality of life; depressive disorder;

sleep disturbance; comorbidities; the Danish blood donor study



Highlights
* Restless leg syndrome (RLS) is associated witleas®ed depressive symptoms

* RLS is associated with reduced health related tyuaililife

* Poor quality of sleep increases the risk of thetdrdental links among RLS cases



Restless Legs Syndrome (RLS) is a common neur@bgensorimotor disorder with symptoms that
include uncomfortable or painful sensations in ¢éix&remities, predominantly in the legs. Symptoms
occur or become worse during rest and at nightefbee individuals with RLS often suffer from seser
sleep disturbance [1, 2]. Previous studies havertep that RLS sufferers are more prone to
experiencing inhibited cognitive functioning and/gsosocial distress, including problems with social
activities, family life, and occupational life due fatigue following disruptions in sleep [3, 4].
Furthermore, associations between RLS and reduesdthkrelated quality of life (HRQL) and
increased depression, respectively, have beentegpiorseveral studies [1, 5-14]. The majorityludde
studies have included either a small populationpsarar participants with multiple medical problems
plausibly linked with RLS, HRQL, or with depressidésorder. Thus, it is possible that the reported
associations were biased by other diseases or atétbatments. For instance, it has been found that
antidepressant medications exacerbate or provok® $¥imptoms [15]. However, due to the nature of
the RLS symptomatology and neurobiology [14, 16iiplausible that RLS and depression have a
common etiology, as RLS has been linked with disoms in major brain iron and therefore
dysfunction in the dopaminergic system [17]. It ma&go be that the reduced HRQL and increased
depression observed in RLS sufferers were caus&®lLByrelated sleep problems. Furthermore, HRQL
can be divided into two components: mental HRQL @I@nd physical HRQL (PCS), which are both
likely to be negatively affected by RLS, but perhap different ways. It is well-known that the RLS
disorder varies greatly between sufferers in intgndierein both severity and frequency of the
symptoms, and we have previously reported that Rh& prevalence in a Danish blood donor
population was higher among women than among mé&doih women versus 4.5% in men), and that
RLS-related risk factors differed according to $&8]. Therefore, it is possible that RLS affectsnme
and women differently and that the magnitude ofseguences varies according to the intensity of the
disorder. Hence, potential negative consequenceasiftéring from RLS need to be studied in a large
population sample that can be classified as otlsenkiealthy. As blood donors are required to be
generally healthy and not subjected to medicalnmneat to be eligible for donation [19], they areatl

for studying such consequences. Moreover, becdusewell established that blood donors have an



increased risk of becoming iron deficient, whichtunn may lead to RLS [20, 21], it is imperativaith
detrimental links to RLS in blood donors is cladi However, it should be noted that we have
previously shown that iron deficiency does not éase the risk of reduced HRQL among Danish blood
donors [22].

The purpose of this study was therefore to extamdent knowledge by examining potential negative
consequences of RLS (reduced MCS, reduced PCSnarehsed depression), stratified according to
sex and symptom intensity, while taking relevantac@te factors into account, in a large populatbn

otherwise healthy Danish blood donors.

1. Methods

1.1 Data

The present study is based on data from the D&i@id Donor Study (DBDS) (www.dbds.dk), which

iIs an ongoing national cohort of Danish blood denwith only 5% of the invited donors declining to
participate. The cohort is described in detail wisgre [23]. Briefly, the DBDS utilizes the
infrastructure in the Danish blood banks to colldata for a range of specific and general health
research purposes. Blood donors who donated twaooe times in a Danish blood bank were asked to
participate in the study. Upon inclusion into thady, each participant filled out a comprehensive
health related electronic questionnaire. This doesaire provided information on RLS, HRQL,
depressive symptoms, and previous depression diagn®oreover, the participants gave permission
for their questionnaire data to be linked with daten the Danish population registers. Before dimgat
blood, Danish blood donors are asked a numberrekaing questions to asses if they felt completely
well, if they have taken any medications, or ifytHeave been sick since their last donation. These
screening questions cover both physical and méetth, which assures that the donors are generally

healthy upon each donation they make, and therefepeupon inclusion into this study as well.



1.1.1 Ethics statement
Oral and written informed consent was obtained fedhparticipants. The study was approved by The
Scientific Ethical Committee of Central Denmark @@090237). Additionally, the biobank and

research database have been approved by the M2atigzhProtection Agency (2007-58-0015).

1.1.2 Identifying restless legs syndrome (RLS)
RLS was assessed using the 10 item Cambridge-Hepii$ questionnaire (CH-RLSq), the only tool
validated in a population of blood donors [24] @hastic sensitivity 87.2% and specificity 94%) [25]
as well as recommended as one of the most accsrates [26]. When the CH-RLSqg was translated
from English to Danish it was done by three persodependently of each other, and then merged into
a “consensus” translation by one of the translat8ubsequently, the Danish versions were translated
back into English by three individuals who were faoniliar with the original English version of the
guestionnaire. Again, the three translations weerged by one of the translators. The translated
English versions were evaluated by two native Ehgkpeaking experts in RLS. Both the translated
English version and the reverse translated Danghkian of the questionnaire were evaluated by a
bilingual Danish expert in neurology and sleep roie@. Based on these evaluations, the final version
was completed. Furthermore, participants with Riz8toms rated their severity on a four point Likert
scale, while they rated their frequency on a sixipbikert scale ranging from “not uncomfortabley t
“extremely uncomfortable” and from “one day a mdntb “every day”, respectively. Further,
participants experiencing RLS symptoms were ashemltatheir quality of sleep (four point Likert

scale) and experience of involuntary jerking of s during sleep (binary measure).

1.1.3 Self-rated health-related quality of life (HRQL)

HRQL was measured using the validated 12-item gbomt health survey (SF-12) [27], an abbreviated
version of the 36-item short form standardized theslirvey (SF-36), which has been validated in the
Danish language [27]. SF-36 was developed for @djmri survey and is the most commonly used

measure of HRQL [28]. SF-12 measures a mental hysigal component score (MCS and PCS). Each



score comprises four subscales. MCS comprises talfityj social functioning, role-emotional, and
mental health. PCS comprises of physical functignimle-physical, bodily pain, and general health.
The SF-12 responses were scored assighing wembtch item (ranging from -16.15395 to +4.61446)
and adding the sum of the items to a constant $6B® and 60.58857) for PCS and MCS, respectively
as recommended by Quality Metric Inc. [28]. The édovthe MCS and PCS scores, the worse the
components of the HRQL are experienced by the repd. MCS and PCS have both been normalized
in a Danish background population to a mean MCS2d8 (SD, 8.3) and a mean PCS of 51.0 (SD, 8.1)

[27].

1.1.4 Depressive symptoms

Information on current depressive symptoms wasectdd as self-report using the Major Depression
Inventory (MDI), which has been validated in thenizh language [29-31]. The MDI covers both the
ICD-10 and the DSM-IV symptoms of depression [J2}je MDI was used to appraise the presence of
the ten depressive symptoms within the last twokageior to inclusion into the study with depressiv
disorder classified as an MDI score of more tharjZ8). As supplementary analyses the participants
were asked if they had ever been diagnosed withedsjye disorder by a medical doctor. This question
was used to assess whether previous clinical dgpresit some point in the participants’ lives was

associated with current RLS.

1.1.5 Covariates
The questionnaire provided information on body mamtex (BMI), smoking status and alcohol
consumption. The National Education Register of id&rk provided data on the participants’ highest
achieved educational level. Information on donafi@yuency for the past three years was collected
from blood bank registers across Denmark. Linkihgndividual level data from the register with data

from the questionnaire had high validity, due te tise of unique Danish Civil Registration Numbers



[33].

1.2 Statistical analyses

Statistical analyses were conducted using Statd4&g, StataCorp, College Station, TX. Normally
distributed data were described with means anddatdndeviations (SD). MCS and PCS were
dichotomized using the ftand the 28 percentile scores as cutoffs to define participavith low or
reduced HRQL, respectively. Low MCS and Low PCSeneefined as the lowest "L (percentile of
scores because this definition has been used pidyiovhen examining the probability of low HRQL

in the DBDS population [22]. The MDI score was ditdmized using a score of 20 or above to define
participants with depressive disorder. Low educetidevel was defined as high school/vocational
course or lower. Frequent alcohol consumption vweded as reports of alcohol consumption “several
times a week” or “every day”. Distributions of dlinary variables among the participants were
described in percentages and statistically sicgmticdifferences were investigated by t-tests for
normally distributed data and by €lésts for dichotomous data. In order to obtaimadrdistributions

of the scales before examining statistically sigaifit differences in scores, a power transformation
five was applied to MCS and PCS, and the MDI seas log-transformed. Difference in answers to
specific questions on the SF-12 and the MDI scavben RLS cases and non-RLS cases was
examined using t-tests. Multivariable logistic ggion analyses were applied to assess the pribpabil
of scoring low and reduced PCS and MCS, classifyitg depressive disorder, and having a previous
diagnosis of depression among participants with Rb8pared to participants without. Age, BMI,
smoking, frequent alcohol consumption, low educetidevel, and number of whole blood donations
three years prior to inclusion into this study waleconsidered possible covariates of the assoomt
[21, 34, 35] and were entered in all multivariabdgression analyses as binary variables, except for
donation frequency, age, and BMI, which were eite® continuous variables. Analyses assessing the
relationship between RLS and a previous depregtis@der diagnosis, and reduced MCS/PCS are
presented as supplementary in the Appendix. Additlg, multivariable logistic regression models

were applied among RLS cases to examine the effepiality of sleep (poor vs. good) and involuntary



leg movements during sleep (ILM) (yes vs. no) on(QlRand depressive disorder. These analyses on
the effect of sleep only comprised RLS cases. Tiougiaintain the statistical power they were adjdst

for sex, but not stratified.

2. Results

2.1 Characteristics of the study population

Complete data were available for 13,419 men an@8Blwomen, of whom 1,298 (5.3%) were

classified as suffering from RLS (4.0% men and 6wétnen). 46.5% of the RLS cases characterized
their symptoms as moderately to extremely uncorabidet (severe) and 30.7% experienced the
symptoms more than two times a week (frequent) r@yehere were 221 participants (0.9%) who had
RLS symptoms that were characterized as both sewetdrequent, while 1,077 (4.4%) presented with

mild or infrequent RLS symptoms.

A total of 27,315 participants were recruited ts tudy from May 1 2015 to February 1 2017. Among
these, 891 were missing at least one item of theRCHq, 626 were missing information on covariates
(education, lifestyle, and donation history), 7@t #05 were missing at least one item on the M@l an
SF-12, respectively, and were therefore excludenhfthe study. Finally, 24 participants who would
otherwise characterize with RLS were excluded beedliey answered “yes” or “don’t know” to both
of the following two questions from the CH-RLSAre these feelings ever due to muscle crafhas@

“If so, are they always due to muscle cramipa®?d 6 RLS cases were excluded due to missing
information on frequency and severity of RLS synmmo quality of sleep, and ILM. Thus, analyses
were conducted on 24,707 study participants withglete data available. We investigated interactions
between covariates and found the effect of all dates (except low education) on RLS to be
significantly correlated with seXP€0.001). The subsequent analyses were therefagfistt on sex.
The prevalence of depressive disorder, previousedsjpn diagnosis, and poorer MCS/PCS was higher

among RLS cases compared to participants witho& Rk0.001) (Table 1).
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Table 1. Demographic and clinical features of the study population

Characteristic RLS No RL S symptoms

N=1,298 N=23,409 p*
Female sex (%) 58.2 45.0 <0.001
Age (mean +SD) 42.2 (¥12.2) 41.4 (¥12.7) <0.01
Low MCS(%) 14.3 9.8 <0.001
Reduced MCS (%) 324 245 <0.001
Low PCS(%) 14.6 9.6 <0.001
Reduced PCS (%) 33.3 245 <0.001
Depressive disorder (%) 5.6 29 <0.001
Previous diagnosis with depressive disorder (%) 212. 7.5 <0.001
Body mass index (Mean +SD) 25.8 (4.3) 25.7 (4.1) 80.2
Low education (%) 56.9 54.3 0.073
Smoker (%) 15.3 12.8 <0.01
Frequent alcohol consumption (%) 38.1 35.5 0.065
Donation frequency for the past 3 years (mean, SD) 5.2 (2.5) 5.4 (2.6) <0.001

“Low mental health-related quality of life (MCS) alesv physical health related quality of life (PG&re defined using the
10" percentile as cutoff and reduced MCS and PCS defieed using the Z5percentile as cutoffDepressive disorder was
defined as a Major depression inventory score (MD2D and previous diagnosis with depressive desongs defined as a
diagnosis given by a medical doctor at some paithé participants’ lives.

*Age and MDI were log-transformed and a power fikgnsformation was applied to MCS and PCS in ordebtain normal
distribution before examining significant differerscbetween RLS and non-RLS sufferers.

2.2 Differences in scores between individuals artt without restless legs syndrome (RLS)

The median MCS score was 56.9(2fd 75 percentiles: 52.9, 58.9) for women and 57.5 (538%9)

for men. The median PCS score was 56.6" (% 7% percentiles: 54.5, 57.9) for women and 56.6
(54.4, 57.7) for men. The median MDI score was5' ghd 75" percentiles: 2, 7) for women and 4 (1,

7) for men. We found lower median scores of the M@8 PCS, respectively, among RLS cases with
all levels of symptom intensity among both men amdmen; they were however, statistically

insignificant for PCS score among male RLS caseah wild or infrequent symptoms. The lowest

median MCS score was observed among participants neported frequent experience of RLS

symptoms among both men and women. Men with seR&f® symptoms and women with frequent

symptoms had the lowest median of PCS scores (T3bl&lot one specific question on the SF-12

caused the lower MCS and PCS scores in RLS casdlyl-we found statistically significant higher
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mean MDI scores among both female and male RLSscailk all levels of symptoms severity (Table

2). No specific questions on the MDI scale caubed t

Table 2. Differencesin mental- and physical health-related quality of life scores (MCS and PCS) and major
depression inventory score (M DI) according to Restless L egs Syndrome (RL S) status

T-tests* Women (n controls = 10,532) Men (n controls = 12,877)
Cases Non-cases Cases Non-Cases
: Median Median
Score Symptom severity (25"78" percentiles) P n(cases) (25" 75" percentiles) P n(cases)
All cases of 56.2 56.5
RLS (50.9:57.8) <0.001 786 5 7.57.9) <0.001 542
55.3 55.4
MCS x <0. <0.
Frequent (47.1586)  56.9 0.001 225 495s577) 576 0.001 174
56.7 (52.9;58.9) 56.2 (54.0;58.9)
. <0.
Severe (51.2:58.6) 0.011 392 (50.9:58.6) 0.001 212
Infrequent or 56.3 56.7
___________ T 21 .7 U 7 .- N
All cases of 56.2 56.1
RLS (53.2;59.3) <001 756 (532575 <0.001 542
55.4 55.6
Frequent” <0.01 225 <0.001 174
PCS au (50.557.0) 566 (52.1576) 566
55.9 (54.6;57.9) 55.4 (54.5;57.7)
. <0.
Severe (52.8:57.5) <0.001 392 (51.8:57.0) 0.001 212
Infrequent or 56.4 56.4
___________ mid  eassre) 0t %% esssre 0% P
Q't ;ases of 5 (3:8) <001 756 5 (2:8) <0.01 542
MDI x : :
Frequent 6 (3;10) 5O <0.01 225 6@311) 4 g <0.01 174
Severe 5 (3:8) <0.01 392 5 (2:10) <0.01 212
'm”iflrgq”e”t or 5 (3:8) 0.01 609 5 (2:8) <0.01 468

**Mental health-related quality of life score (MC8hd Physical health related quality of life scd?€§) were transformed
using a power transformation of five, while the brapepression Inventory Score (MDI) was log-transfed to obtain a
normal distribution before conduction T-tests

** Frequent RLS symptoms were defined as symptoms rireguwo to three times a week or more

2.3 Restless legs syndrome (RLS) and the mentgdoremt score of health related quality of life
(MCS)

Participants suffering from RLS were more likely have a low MCS (women: OR=1.6%0.001,;
men: OR=1.79P=<0.001) (Figures 1 and 2). Moreover, the probbdf low MCS was highest among
participants with frequent RLS symptoms (women: Q54 P<0.001; men: OR=2.5P<0.001). Even

RLS sufferers with mild or infrequent symptoms alsad an increased probability of low MCS

12



(women: OR=1.46"<0.001; men: OR=1.5P<0.001). Finally, participants with RLS were moitely

to have a reduced PCS (Appendix, Table 5).

2.4 Restless legs syndrome (RLS) and the physicapanent score of health related quality of life
(PCS)

Both men and women suffering from RLS were moreljikko have a low PCS (women: OR=1.49
P<0.001; men: OR=1.58<0.001) (Figure 1 and 2). Severe RLS symptoms wssmciated with a
more than doubled prevalence of low PCS among batn (OR=2.35P<0.001) and (OR=2.75
P<0.001). Moreover, men with mild or infrequent Rh&d an increased probability of having a low
PCS (OR=1.3%<0.048)(Figure 1). We found no association between infeeg@r mild RLS and low
PCS among women (Figure 2). Furthermore, parti¢gpanith RLS were more likely to have a reduced

PCS regardless of symptom intensity (Appendix, & &bl

2.5 Restless legs syndrome (RLS) and depressirelelis

We found that men and women with severe RLS symptbhad 3.60 and 4.08 fold higher odds for
being classified with depressive disorder compdmeaon-RLS sufferers, respectively (both sexes,
P<0.001) (Figure 1 and 2). Furthermore, participamihh mild or infrequent RLS symptoms had a
more than 50% increased probability of classifyimigh depressive disorder compared to non-RLS
sufferers (women: OR=1.99<0.015; men: OR=1.7P<0.020) (Figure 1). We found that 8.2% of the
study participants were diagnosed with a depresiis@der by a medical doctor. Our analyses showed
an increase in RLS occurrence among men and woritaravprevious diagnosis. However, there was
no association between having a previous diagrassiscurrently suffering from RLS with mild or

infrequent symptoms among men (Appendix, Table 6).
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Figure 1. Association of restlesslegs syndrome (RLS) and depressive disorder and health related

quality of life, respectively, among men
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Legend: Displaying odds ratios (OR) with 95% coefide intervals for depressive disorder, low mental
component score (MCS), and low physical componeaites(PCS) (SF-1% according to frequency and severity
of RLS symptoms (Adjusted for age, body mass inddsphol consumption, smoking status, educatioenagl|

and donation frequency for the past three years)

Figure 2. Association of restless legs syndrome (RLS) and depressive disorder and health related

quality of life, respectively, among women
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Legend: Displaying odds ratios (OR) with 95% coefide intervals for depressive disorder, low mental
component score (MCS), and low physical componeaites(PCS) (SF-1% according to frequency and severity
of RLS symptoms (Adjusted for age, body mass inédoohol consumption, smoking status, educatioena||

and donation frequency over the past three years)

2.6 Quality of sleep and involuntary leg movemeting sleep

Poor quality of sleep and ILM were reported by 22.6nd 22.1% of RLS cases, respectively. We
found that poor quality of sleep was associateth &it increased risk of depressive disorder and low
MCS among participants with RL$<0.001), and with an increased risk of low PCS agnaomen
with RLS (Table 3). The risk estimates changed matly when adjusted for ILM. Furthermore, we
found that RLS cases reporting frequent and sesymgptoms were more likely to have depressive
disorder P<0.01), low MCS P<0.001), and low PC3&0.01)compared to cases reporting infrequent
or mild symptoms. Quality of sleep and ILM wereluued in these regression models, ORs attenuated
and P values increased (Table 4). Moreover, weddbat poor quality of sleep was associated with
reduced MCS and reduced PCS among participants Rlith (P<0.01) (Appendix, Tables 7 and 8).
Furthermore, the MDI scale comprises a questioingskDid you have difficulties sleeping at night
for the past two weeks”, which is classified ascaompanying symptoin depressive disorder. For an
accompanying symptom to be considered presentahiipant must answer that they experience the

symptom “more than half the time” or even more @rexfly. This specific symptom was present in

15



49.5% of participants that classified with depressand it was not more prominent in RLS cases with
depression compared to non-RLS cases with depreskiowever, overall the prevalence of the
symptom was more than double among RLS cases (9d#tipared to non-RLS cases (4.5%),
regardless of whether they were classified witrepréssion or not?<0.001). Similarly, the symptom

was more prevalent among RLS cases reporting sesyanptoms (18.6%) compared to RLS cases

reporting mild symptoms (7.7%P€0.001).

Table 3. Multivariable logistic regression analyses comprising all donor s suffering from restless

legs syndrome (RLS)
Men (n=542) Women (n=756)
Model 1* Model 2** Model 1* Model 2**

Logistic regression OR P OR P value OR P OR P

Comparison groups: poor quality of sleep vs. goaalityuof sleep

Low MCS® 3.74 <0.001 3.71 <0.001 3.75 <0.001 3.72 <0.001
‘LowPCS 170 0060 1.63 0083 260 <0.001 257 <0.001
“depressive disorder - 440  <0.001 419 <001  9.22<0.001  9.20 <0.001

“Low mental health-related quality of life (MCS) aplalysical health related quality of life (PCS) wesdinked
using the 18 percentile as cutoff. Depressive disorder wasnéelfias a Major Depression Inventory Score (MDI)
score > 20.

*Adjusted for age, body mass index, alcohol consionpsmoking status, educational level, and domati
frequency for the past three years

*Adjusted for age, body mass index, alcohol conptian, smoking status, educational level, donafiequency
for the past three years, and involuntary leg ma@sduring sleep

Table4. The probability of low MCS, PCS and depression, respectively, among
participantswith restlesslegs syndrome (RLS)

N=1,298 RL S cases M odel 1* M odel 2**

Characteristic (%) OR (95 % CI) P OR (95 % CI) P

Comparison groups: Frequent and severe RLS vsqindre or mild RLS

Low MCS* 2.05 (1.39-3.05) <0.001 1.71 (1.14-2590) 0.010
“LowPCS 208 (1.45-299) <0.01 176 (1.21-257) <0.01
Depressioh 257 (1.47-451) <0.01  1.99(1.11-360) 0.023

“Low mental health-related quality of life (MCS) apidysical health related quality of life (PCS)
were defined using the {®ercentile as cutoff. Depression was defined Msjar Depression
Inventory score (MDI) > 20.
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*Adjusted for sex, age, body mass index, alcohakconption, smoking status, educational level,
and donation frequency for the past three years
** Adjusted for sex, age, body mass index, alcatmisumption, smoking status, educational level,

and donation frequency for the past three yeans] quality of sleep and involuntary leg
movements during sleep

3. Discussion

The present findings showed that both men and womignRLS had higher odds for experiencing low
MCS, low PCS, and depressive disorder in a largmifation that was not affected by other diagnoses
or medical treatments. Our findings also indicdtet higher severity and frequency of RLS symptoms
increases the odds for detrimental links to therdier, and that this effect varied between sexbkas,T

it is evident that RLS is a troublesome disordahvgevere consequences. Furthermore, we observed
that RLS sufferers who reported poor quality oepldad higher odds for depressive disorder and low
MCS compared to RLS sufferers who reported gooditguaf sleep. Among women with RLS
reporting poor quality of sleep we also observeghéi odds for low PCS. This could mean that quality
of sleep plays an important role in the observesb@ations, and maybe also that this role differs
between sexes.

The present findings together with our previousorepf sex-related differences in RLS-associated
demographic and lifestyle factors [18] indicatetttiee detrimental links to RLS vary between sexes.
Findings from other previous studies support thiggestion. RLS has proved to be an independent
predictor of HRQL in several studies [1, 6, 7, 9;113, 36, 37]. A Swedish study, including a random
sample of 5,000 women (aged 25-64) also using thd2Sreported that RLS affected MCS more
negatively than PCS [13]. This is in line with dindings in both men and women. Specifically, we
observed no association between RLS and low PC&@mromen with infrequent or mild symptoms.
In contrast, a study from the USA discovered thathhurden of RLS was more significant on PCS than
on MCS [9], which included a significantly smalleample size than the present study (n=158) and
included a nationwide random sample of US adults.

RLS has also been found to be associated with fayichand psychological disorders at long term, [38

39], and to further emphasize the serious natumiofindings, it should be noted that previousists
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have reported that HRQL scores in RLS sufferereméde HRQL scores among patients with other
chronic disorders, such as type 2 diabetes, osteita; Parkinson’s disease, narcolepsy, multiple
sclerosis, and stroke [7, 37]. Happe et al. (20@&jitionally underlined the severity of the RLS
disorder, by stating that the impact that RLS ha$iRQL is equal to or even worse than the impact of
other chronic neurological disorders [7]. Moreoulien et al. (2005) found that RLS was associated
with poorer SF-36 score and reported that the temun score was similar to the one seen in dhihic
depression cases [8, 3Qur findings support this comparison as we fourad RLS cases were more
likely to be classified with depressive disordehjeh is in line with other reports of high prevaterof
depressive disorder among RLS sufferers [5, 8405, We observed that RLS sufferers with severe
and infrequent symptoms had higher odds for dejgresompared to RLS sufferers reporting mild or
infrequent symptoms. Castillo et al. (2014) reporée similar increased risk of depressive disorder
among individuals with severe RLS symptoms compaiedndividuals with mild to moderate
symptoms [40]. Moreover, participants with mildiofrequent RLS symptoms were more likely to be
classified with depressive disorder than participamithout RLS. This suggests that all RLS cases,
regardless of symptom severity and frequency, warmaedical attention. This has practical
significance for the management of the RLS disorder

The pathogenesis of the associations reportedllisigtnown and plausibly multifactorial. Qualityf o
sleep is an important aspect of individuals’ gehbealth that has continuously been reported as the
most troublesome morbidity of RLS [8, 12, 14]. Weeirfid that RLS sufferers reporting poor quality of
sleep were more likely to have a low or reduced M{@8 classify with depressive disorder, compared
to RLS sufferers with good quality of sleep. Simifawomen with RLS reporting poor quality of sleep
were more likely to have low PCS compared to fenRil& cases reporting good quality of sleep.
These findings were robust to adjustment for ILMrtRermore, RLS cases with frequent and severe
symptoms had statistically insignificant higher sddr low MCS, low PCS, and increased depressive
compared to participants with infrequent or mildngyoms. However, the ORs attenuated and the P
values increased when quality of sleep and ILM vesreered into the logistic regression model. This i

in line with reports by Koo et al. (2016), who faurthat insomnia was most prevalent among
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individuals with severe RLS symptoms [8]. As we dat have information on quality of sleep or ILM
for non-RLS sufferers it was not possible to assdssther these factors were actual mediators of the
associations found in this study. However, inteipgeour findings according to previous reports of
effect mediation and moderation of the RLS-depwesdisorder relationship [8], it seems that quadity
sleep plays an important role in the associatidresva in this study, at least to some extent. Anothe
explanation for the observed association betweei® Rihd depression could be the overlap of
symptoms between the two disorders. Poor qualistedp related to RLS may result in irritable mood,
agitation, and problems with concentrating [39],ickhcould make an individual with RLS classify
with depressive disorder. Finally, it is plausititat RLS symptoms, including uncomfortable or palinf
sensations combined with the constant urge to rmaused the decreased PCS in RLS cases.

The main strength of the present study was the aizthe cohort and the data available. To our
knowledge, this study is the first to apply the ®HSq, SF-12 and MDI in a generally healthy cohort
of this size. The tools applied in this study aidely used and validated scales [24, 27, 29, 38ingy
the CH-RLSq assured correct identification of RI28][ Moreover, it was reported that the MDI has
high content validity, as the scale isolates thestnapplicable items for negative wellbeing [32]dan
there is evidence that the clinical validity of thidl as a unidimensional severity depression stale
high [29]. Furthermore, SF-12 is a generic toolaniag it can be used to measure HRQL in population
groups regardless of their age, sex, or healtustdowever, a specific RLS-related quality of life
guestionnaire does exist, called the Restless IS3gglrome Quality of Life Instrument [4]. This
questionnaire includes items that are specificlt& Rymptoms, primarily regarding sedentary actgiti
and insomnia [41]. Our results indicate that pdees quality plays a role in the associations foumd
this study. Thus, the odds ratios reported hereewessibly underestimations of the true association
between RLS and reduced HRQL. The questions usebisnstudy to assess intensity of the RLS
disorder was imbedded in a larger health-relategstipnnaire administered to blood donors. In otder
be considerate of the blood donors’ time we haihii the number of questions assessing the sgverit
and frequency of symptoms among RLS cases to tvastmuns. It would have provided a broader

insight into the symptoms if we had applied thesinational RLS Severity Scale or the RLS-6 scale,
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which assesses thevsety of the disorder usingen and six questionsespectively. Moreover, MCS has
previously been useadls a screening tool to identify people with depwesdisorder [28, 42]. This means,
that the links we found between RLS and MCS and Mbobre, respectively, are likely to be
expressions of the same association.

As previously mentioned, the associations foundhis study cannot be attributed to differential
morbidities, especially ones requiring medical tireant because the donors are required to be healthy
Notably, patients taking antidepressants are ndajibkd for donation, which is a significant
methodological strength. Previous studies examittiegRLS-depression link might be biased, because
it is reported that antidepressants can provokexacerbate RLS symptoms [15]. Thus, the use of
antidepressants is a potential confounding factosther studies. Additionally, it is plausible thhe
most severe RLS cases do not become blood donastaluhe selection of generally healthy
individuals. Furthermore, it should also be noteat thecause data examined in this study were cross-
sectional we were not able to make any conclusmmslirectionality or causality of the observed
associations. Similarly we cannot conclude on leergn health effects of RLS. In our analyses we
adjusted for sociodemographic factors (age and sexjoeconomics (education), and lifestyle factors
(BMI, smoking, alcohol consumption, and number dioke blood donations for the past three years),
which is a specific strength. Nonetheless, thighsteould be affected by “the internal healthy donor
effect”. The healthy donor effect describes the fhat blood donors represent a healthy subgroup of
the general population, and that donors who daoinatgiently are generally healthier than infrequentl
donating donors [19]. This means that it is posstbht donors suffering from severe RLS has either
stopped donating or donated fewer times than donth®ut RLS or with a mild case of the disorder.
Hence, the internal healthy donor effect may haasked any potential negative effects of donation-
induced iron deficiency on both RLS and relatedsegiuences.

Thus, our study is susceptible to misclassificabi@s due to the self-report nature of the questior
data. This particularly applies to the assessmihih presence. It would have been more reliabld ha
we used EMG or actigraphy measurements or askeat dibd during wakefulness instead of during

sleep to exclude potential recall-bias. Ovelitlk possible that participants misunderstood sofrthe
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guestions. Furthermore, is also possible that quamcipants might have under or over reportedtheal
related behaviors. However, because validated ignesand scoring systems were used, we do believe

that the potential misclassification would be ramdand not bias the results.

4. Conclusions

In conclusion, this study provides evidence thabtdldonors, who comprise a population with a high
level of general health that is not biased by othagnoses or by any medications, suffering fronSRL
are more likely to experience poor HRQL and to laessified with depressive disorder compared to
people without RLS. HRQL is a direct measure ofvitilals’ subjective experience of their wellbeing,
and it is reported to be a predictor of future niitlp and mortality in the general Danish populatio
[43]. Thus, RLS appears to be a significantly tteabme disorder, even when the symptoms are
categorized as either infrequent or mild. Even RbS is still thought to be underdiagnosed [44],
probably due to lack of knowledge of its existentee findings of this study suggest that the mgjori

of RLS cases warrant medical attention and thattigel management of RLS should include
interventions that aim at increasing the HRQL ardréasing the occurrence of depressive symptoms

among these patients.
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Supplemental material

Table 5. Multiplelogistic regression analyses with Restless L egs Syndrome (RL S) asthe Independent

variable

Logistic regression

Men (n controls=12,877)

Women (n controls=10,532)

Multi adjusted*

Multi adjusted*

Comparison groups Odds ratio P value n(cases) @dids P value n(cases)
Low MCS® RLS: yes vs. no 1.79 <0.001 542 1.61 <0.001 756
Frequent symptorfi$ vs. no RLS 2.52 <0.001 174 2.54 <0.001 225
Severe RLS vs. no RLS 2.45 <0.01 212 1.81 <0.001 392
Infrequent or mild RLS symptoms 152 <0.001 468 1.46 <0.001 609
vs. no RLS
' RLS:yes.vs.no 161 <0.001 542 141  <0.001 756
Reduced Frequent symptorfi$ vs. no RLS 2.23 <0.001 174 2.10 <0.001 225
MCS® Severe RLS vs. no RLS 2.09 <0.001 212 1.46 <0.001 392
Infrequent or mild RLS symptoms 1.45 <0.001 468 1.30 <0.01 609
vs. no RLS
"LowPCS RLS:yes.vs.no 153 <0.001 542 149  <0.001 756
Frequent symptorfi$ vs. no RLS 2.10 <0.001 174 2.75 <0.001 225
Severe RLS vs. no RLS 2.35 <0.001 212 1.58 <0.01 392
Infrequent or mild RLS symptoms 5 0048 468 1.21 0.151 609
vs. no RLS
"Reduced  RLS:yes.vs.no 1.47 <0.001 542 150 <0.001 756
PCS Frequent symptorfi$ vs. no RLS 1.75 <0.001 174 2.03 <0.001 225
Severe RLS vs. no RLS 2.07 <0.001 212 1.51 <0.001 392
Infrequent or mild RLS symptoms 4, <001 468 142  <0.001 609
vs. no RLS
' RLS:yes.vs.no = : 232 <0.001 542 1.87 <0.001 756
Depressioh Frequent symptom$ vs. no RLS 3.60 <0.001 174 4.08 <0.001 225
Severe RLS vs. no RLS 3.89 <0.001 212 2.09 <0.01 392
Infrequent or mild RLS symptoms —, 44 0020 468 1.59 0.015 609

vS. no RLS

*Low mental health-related quality of life (MCS) apidysical health-related quality of life (PCS) wegdided using the 10
percentile as cutoff and reduced MCS and PCS weneatkfising the 25percentile as cutoff. Depression was defined as a
Major Depression Iventory Score>20.

“* Frequent RLS symptoms was defined as symptoms degitr- 3 times a week or more

*Adjusted for age, body mass index, alcohol congionp smoking status, educational level, and donagtiequency for the
past three years
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Table 6. Multivariable linear and logistic regression analyseswith clinical depression asthe

independent variable and Restless L egs Syndrome (RL S) asthe dependent variable

Men (n controls=10,532) Women (n controls=12,877)

Multi adjusted* Multi adjusted*
Logistic regression OR Pvalue n(cases) OR P value (cases)
Previous depression-diagndsiges vs. no) 392 608
RLS 1.62 <0.01 756 1.57 <0.001 542
Frequent RLS symptoriis 2.05 <0.01 225 2.00 <0.001 174
Severe RLS symptoms 2.03 <0.01 392 1.75 <0.001 212
Infrequent or mild RLS symptoms 1.39 0.071 609 1.48 <0.01 468

“Previous depression-diagnosis was defined as &skipn-diagnosis given by a medical doctor at Sooigt in
the participants’ lives.

“* Frequent RLS symptoms was defined as symptoms deguitr- 3 times a week or more

*Adjusted for age, body mass index, alcohol consionpsmoking status, educational level, and donati
frequency for the past three years

Table 7. Multivariable logistic regression analyses comprising all donors suffering from Restless
Legs Syndrome (RLYS)

Men (n=542) Women (n=756)
Model 1* Model 2** Model 1* Model 2**
Logistic — Self-reported quality 5 P OR Pvaue OR © OR  Pvalue
regression  of seep value value
Reduced MCS Poor vs. good 412 <0.001 4.11 <0.001 3.85<0.001 3.80 <0.001
"Reduced PCS Poorvs. good 175 0012 172 0014 115 0440 1.16  0.427

“Reduced mental health-related quality of life (MC&J ahysical health-related quality of life (PCS) evelefined
using the 2% percentile as cutoff.
*Adjusted for age, body mass index, alcohol consiionp smoking status, educational level, and domati

frequency for the past three years
**Adjusted for age, body mass index, alcohol congtion, smoking status, educational level, donatiequency
for the past three years, and periodic leg movesngumting sleep
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Table 8. Multivariablelogistic regression analyses comprising all donor s suffering
from Restless L egs Syndrome (RLS)

N=1,298 RL S cases Model 1* M odel 2**

Characteristic (%) OR (95 % CI) P value OR (95 % CI) P value

Comparison groups: Frequent and severe RLS vsqindrg or mild RLS

Reduced MCS 1.60 (1.16-2.19) <0.001 1.33 (0.95-1.87) 0.092
"Reduced PCS 156 (1.15-2.11)  <0.01 1.42 (1.04-1.94) 0.026

“Reduced mental health-related quality of life (MC&J ahysical health-related quality of life
(PCS) were defined using the2percentile as cutoff.

*Adjusted for sex, age, body mass index, alcohakcanption, smoking status, educational level,
and donation frequency for the past three years

*Adjusted for sex, age, body mass index, educatidevel, smoking status, alcohol

consumption, donation frequency for the past tiyeses, and quality of sleep and involuntary
leg movements during sleep
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