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Abstract

Objective—To investigate association between restless legs syndrome (RLS) and depression and
to what extent sleep disturbance, periodic limb movements during sleep (PLMS), and
antidepressant medication mediate this relationship.

Methods—Conducted was cross-sectional analysis of Osteoporotic Fractures in Older Men
(MrOS) Study data in 982 men assessed for RLS (International RLS Study Group scale [IRLSS])
and depression (Geriatric Depression Scale [GDS]), who underwent actigraphy (for sleep latency/
efficiency) and polysomnography (for PLMS). Men were split into three groups: no RLS (n=815),
mild RLS (IRLSS<12, n=85), moderate-to-severe RLS (IRLSS>12, n=82). Depression was
defined as GDS=6. Logistic and linear regression assessed associations of RLS and depression or
number depressive symptoms, respectively. Models were adjusted for age, site, race, education,
BMI, personal habits, benzodiazepine/dopaminergic medication, physical activity, cardiovascular
risk factors, and apnea-hypopnea index.
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Results—Of 982 men, 167 (17.0%) had RLS. Depression was significantly associated with
moderate-to-severe RLS after adjustment (vs. no RLS: OR [95% CI] 2.85 [1.23,6.64]). Further

adjustment for potential mediators attenuated effect size modestly, most for sleep efficiency (OR

2.85 to 2.55). Compared to no RLS, moderate-to-severe RLS was associated with number of
depressive symptoms after adjustment (adjusted means [95% CI]; no RLS: 1.14 [1.05,1.24] vs.

IRLSS>12: 1.69 [1.32,2.11]). Further adjustment for potential mediators didn’t alter effect size.

For men with PLMS index=median, number of depressive symptoms significantly increased as
RLS category became more severe.

Conclusions—Depression is more common as RLS severity worsens. The RLS-depression
relationship is modestly explained by sleep disturbance and PLMS.
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INTRODUCTION

Restless legs syndrome (RLS) is a prevalent sensorimotor condition, which consists of a
distressing urge to move at night, when rest is most desired. RLS occurs in 5%-10% of adult
populations and its prevalence increases with age up to the eighth decade.(1) There is a well-
known association between RLS and depression in all age groups including elderly.(2—-4)
Lifetime prevalence of depression is 19%-35% in persons with RLS, representing a greater
than two-fold increased odds of depression compared to those without RLS.(5-7)
Furthermore, in persons with RLS, the negative impact associated with depression on quality
of life may exceed associations with sleep disturbance or RLS severity.(8) This is especially
significant since reduction in life quality in RLS rivals that for patients with diseases such as
osteoarthritis and diabetes.(1) Despite the clinical importance of the relationship between
RLS and depression, mechanisms underlying this association are not known and relatively
understudied.

Sleep disturbances including the inability to initiate or maintain sleep occur in up to half of
RLS sufferers.(1, 4) It has been proposed (but not studied) that disturbed sleep may be a
mediator of depression when co-occurring with RLS.(9, 10) Periodic limb movements
during sleep (PLMS), which occur in up to 90% of RLS sufferers, may also disturb sleep
and (11) modify the RLS-depression relationship, as those with RLS and PLMS may differ
fundamentally from those with RLS but no PLMS. This notion is supported by observations
that certain genetic polymorphisms are more tightly associated with PLMS than RLS,(12)
and persons with RLS and PLMS compared to those without PLMS are more likely to
respond therapeutically to certain medications.(13) An additional factor that may confound
the RLS-depression relationship is antidepressant medications, which are known to provoke
RLS, increase PLMS, and mitigate depression.(14—16)

With this background in mind, the purpose of this study is to evaluate the relationship
between RLS and depressive symptoms in a cross-sectional analysis of an older male cohort,
and determine which factors may mediate (sleep latency or sleep fragmentation), moderate
(PLMS), or confound (antidepressant medication) this association. We first evaluated the
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association between RLS and depressive symptoms, then examined if sleep latency and
efficiency, PLMS, and antidepressant use were potential mediators or modifiers of this RLS-
depression association. Insight into which factors affect the RLS-depression relationship
might help to identify targets for treatment of this therapeutically complex, yet common
neuropsychiatric overlap syndrome.

METHODS

Participants

Baseline examination for the Osteoporotic Fractures in Men (MrOS) Study in 2000-2002
included 5,994 community-dwelling men =65 years at six clinical centers: University of
Alabama (Birmingham, Alabama); University of Minnesota (Minneapolis, Minnesota);
Stanford University (Palo Alto, California); University of Pittsburgh (Monongahela Valley,
Pennsylvania); Oregon Health and Science University (Portland, Oregon); and University of
California, San Diego (San Diego, California).(17, 18) Participants needed to be able to walk
without assistance, and must not have had either a bilateral hip replacement, or a medical
condition that (in the judgment of investigators) might cause imminent death. These
inclusion criteria were designed to yield a cohort that reasonably represented a broad
population of older men.

The ancillary MrOS Sleep Study recruited 3,135 participants from the parent cohort in
12/2003-3/2005 (Sleep Visit 1) for comprehensive sleep assessment. All active MrOS Sleep
Study participants with available Sleep Visit 1 polysomnography (PSG) and actigraphy data
were eligible to participate in Sleep Visit 2 (11/2009-3/2012, mean follow-up 6.5+0.7 years)
(Figure 1). For this analysis, data was collected at Sleep Visit 2 (RLS, depression, sleep
variables, covariates), except PLMS, which was measured at Sleep Visit 1.

Of 1,055 Sleep Visit 2 participants, missing data occurred in 73 persons (3 incomplete GDS,
11 incomplete actigraphy, 59 incomplete RLS data), leaving 982 participants, comprising
this study’s analytic sample. Compared to the analysis subset, the 73 excluded men were
more likely minority (23% vs. 12%, p=0.007, 2 [1,N=1055], x2 =7.19), had lower
cognitive function (Modified Mini-Mental State examination (3MS) score 90.5 vs. 92.6,
Wilcoxon two-sample test N=1051, Z=-2.38, p=0.02), more depressive symptoms (2.5 vs.
1.8, Wilcoxon two-sample test N=1052, Z=2.94, p=0.003), and had higher stroke prevalence
(10% vs. 4%, p=0.03, XZ [1,N1054], X2:4-75)- Protocols were approved by Institutional
Review Boards at each site. All participants provided written informed consent.

RLS Assessment

RLS was defined by 2003 NIH/International RLS Study Group diagnostic criteria.(19)
Participants were asked: 1) Do you ever experience a desire to move your legs or arms
because of discomfort or disagreeable sensations? If so: 2) Do you sometimes feel the need
to move to relieve discomfort, for example by walking, or to relieve the discomfort by
rubbing your legs? 3) Are these symptoms worse when you are at rest, with at least
temporary relief by activity? 4) Are these symptoms worse later in the day or at night, than
in the morning? Men who did not answer yes to these four questions were considered not to
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have RLS. Those that answered yes to all four questions or reported prior RLS diagnosis
completed the International RLS Study Group Severity Scale (IRLSS), comprised of 10
questions concerning RLS symptom severity or frequency.(20) Questions are rated 04,
corresponding to none to very severe (or frequent) symptoms. Summed responses created an
IRLSS score (range 0-40) and category: (1) no RLS (did not answer ‘yes’ to 4 questions or
IRLSS=0, n=815); (2) mild RLS (IRLSS<12, n=85); (3) moderate-to-severe RLS
(IRLSS>12, n=82).

Polysomnography

Unattended in-home PSG (Safiro, Compumedics, Inc., Melborne, Australia) occurred on
Sleep Visits 1 and 2, with the following montage: C3/A,; C4/A4 electroencephalography,
bilateral electrooculography, submental electromyography, thoracic/abdominal respiratory
inductance plethysmography, naso-oral thermistry, nasal-pressure transduction, finger-pulse
oximetry, and EKG. Piezoelectric sensors on bilateral anterior tibialis muscles were included
in Sleep Visit 1 PSG. Home visits were performed by centrally-trained staff using
procedures previously described.(21)

Data were scored by certified research polysomnologists at the central Sleep Reading Center
using standardized criteria.(21) For this analysis, only apneas and hypopneas causing >3%
oxygen desaturation were included in the apnea-hypopnea index (AHI; i.e., total number of
apneas and hypopneas per hour of sleep). Participants received a letter with sleep study
results indicating if there was sleep apnea (AHI included). Severe sleep apnea results (AHI >
50; approved by MrOS Steering Committee and Observational Study Monitoring Board)
were referred for review by a local physician within 10 days of PSG. There were 61 (6.2%)
men with AHI =50; of these,, 5 were using CPAP therapy and 19 began CPAP treatment
sometime during follow-up of 3.6£0.9 years.

PLMS were scored to be consistent with American Academy of Sleep Medicine guidelines
active at the time of scoring.(22) Individual leg movements were scored if there was a clear
amplitude increase from baseline and movement duration was between 0.5 and 5.0 seconds.
To be considered periodic, a minimum of four movements needed to occur in succession no
less and no more than 5 and 90 seconds apart. Leg movements following respiratory events
were excluded unless part of a 24 movement cluster with >2 movements independent of
respiratory events. Periodic limb movement index (PLMI) was computed as the total number
of periodic leg movements per hour of sleep. Previously, we conducted a blinded in-
laboratory validation study in 51 subjects to compare piezoelectric and electromyographic
leg sensors in PLMS detection and found high correlation, r=0.81.(23)

Actigraphy Data

The Actiwatch® 2 actigraph, (Philips Respironics, Murrysville, PA) was used to estimate
sleep/wake Actigraphs were worn on the non-dominant wrist for =5 consecutive 24-hour
periods (mean 5.1+0.7). Actigraphs digitally recorded an integrated measure of gross motor
activity using a solid-state piezoelectric accelerometer with 0.025 G sensitivity and 23 Hz
sampling rate. Activity measures were stored in one-minute epochs.
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Actigraphy data were scored and processed at the San Francisco Coordinating Center. The
sleep scoring algorithm in Actiware software (version 5.54, Philips Respironics)(24)
calculates an constituted sleep onset. Sleep offset was the last minute scored as sleep. Sleep
latency was the average time in minutes to sleep onset over all nights. Sleep efficiency was
the average percent time sleeping over all nights.

Depression Assessment

The Geriatric Depression Scale (GDS) assessed number of depressive symptoms and
presence of depression.(27, 28) Depression was defined as GDS=6, yielding 90.9%
sensitivity and 64.5% specificity, compared to gold standard clinical diagnosis using
Diagnostic and Statistical of Mental Disorders-1V criteria.(27)

Covariate Data

Questionnaires included information about demographic characteristics, education, medical
history, physical activity, caffeine, smoking and alcohol use. Cognition was assessed using
3MS, with higher scores representing better cognitive functioning.(29) Probable cognitive
impairment was defined as 3MS score<80.(30) Insomnia was assessed with the Insomnia
Severity Index.(31) Anxiety was assessed using the Goldberg Anxiety Scale, with a score=5
defining clinically relevant anxiety.(32) Medications were verified by examining pill bottles
and matched to ingredient(s) using lowa Drug Information Service Drug Vocabulary
(College of Pharmacy, University of lowa, lowa City, 1A).(33) Dopaminergic medications
included levodopa, ropinirole, and pramipexole. Dopamine antagonists included s
antipsychotics, domperidone, prochlorperazine, perphenazine, chlorpromazine, or
metoclopramide. Physical Activity Scale for the Elderly measured physical activity.(34)
Body weight (kilograms) and height (meters) were measured and used to calculate body
mass index (BMI; kg/m?).

Statistical Analysis

Participant characteristics were compared across RLS category using chi-square tests for
categorical variables, analysis of variance for normally distributed continuous variables, and
Kruskal-Wallis tests for non-normal continuous variables. Tests for linear trend across
categories were performed using Chochran-Armitage or Jonckheere-Terpstra tests for
categorical data, or linear regression model for continuous data.

Logistic regression was used to assess association of RLS category and depression. Model
results are presented as odds ratios (OR) with [95% confidence intervals (CI)]. Linear
regression models were used to assess association of RLS category and number of
depressive symptoms. Results are presented as adjusted means with [95% Cls]. A test for
linear trend across categories was performed. Number of depressive symptoms was log-
transformed to meet model normality assumptions, then back-transformed to display results.
Models were minimally adjusted for age and clinic site, then further adjusted for race (white
vs. nonwhite), education, BMI, alcohol, caffeine, smoking status, physical activity, 3MS,
stroke, diabetes, myocardial infarction or congestive heart failure history, benzodiazepine or
dopaminergic medication usage, and AHI.
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To examine if associations of RLS and depression were partially explained by antidepressant
use, sleep efficiency, or sleep latency, models were further adjusted by these covariates,
added separately. Because no clear cut-point has been established, we considered a reduction
in beta coefficient for the association of RLS and depression or number of depressive
symptoms of >10% to support a hypothesis of mediation, similar to other publications.(35-
38) Effect modification of PLMS was examined by testing for interaction of RLS category
and PLMI. Data was stratified (by median PLMI), since p-interaction for this potential
modifier and RLS was <0.10.

All significance levels were two-sided. Analyses were conducted using SAS version 9.4
(SAS Institute, Cary, NC).

Baseline Characteristics

Of 982 elderly men, 167 met our definition of RLS (prevalence 17.0%). Table 1 shows
participant characteristics, in the cohort overall and by RLS category. Individuals with
compared to without RLS were younger, more likely taking dopaminergic medications,
anticonvulsants and prescription sleep medication, had higher rates of anxiety, and were
more likely to report a Parkinson’s disease history. Other demographic characteristics,
including race and BMI were similar across RLS categories. There was no difference in
dopamine antagonists or antihistamine usage and smoking, alcohol, or caffeine usage among
groups. Use of benzodiazepine and antidepressant medication was highest in the moderate-
to-severe RLS group. Antidepressant medication usage is shown in Table 2. The most
commonly used antidepressants were trazadone (2.3%), citalopram (2.0%), and fluoxetine
(1.5%). Depression (GDS=6) was most frequent and mean number of depressive symptoms
was greatest in the moderate-to-severe RLS group. The observed 17.0% RLS prevalence is
higher than observations among other groups, (1, 39) likely the result of the cohort being
elderly (RLS prevalence increases with age),(40) and the use of questionnaire to diagnose
RLS (less specific than in-person screening).(41)

Sleep Characteristics

Sleep latency was significantly highest and sleep efficiency tended to be poorest in the
moderate-to-severe RLS group (Table 1). This was reflected in insomnia scale measures,
where insomnia was most severe in those with moderate-to-severe RLS. PLMI was highest,
intermediate, and lowest in the moderate-to-severe, mild, and no RLS groups, respectively.

Association of RLS and Depression

Table 3 shows results of regression models examining the association of RLS and
depression. Table 4 shows the association of RLS and the number of depressive symptoms.
For the depression outcome, there was significant association for the moderate-to-severe
RLS group in the minimally adjusted model, where there was more than a three-fold
increase in the likelihood of depression (IRLSS>12 vs. no RLS: OR [95% CI]: 3.06
[1.42,6.58]). This association remained after further adjustment (2.85 [CI 1.23,6.64]). There
was significant association of RLS with number of depressive symptoms. Compared to those
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without RLS, moderate-to-severe RLS was associated with number of depressive symptoms
after multivariate adjustment (adjusted means [95% CI]: no RLS, 1.14 [1.05,1.24] vs.
IRLSS>12, 1.69 [1.32,2.11]).

Effect of Potential Mediators

After further adjustment of multivariate models by potential mediators/confounders (sleep
efficiency, sleep latency, antidepressant use), the association of RLS severity and depression
remained significant, although effect size was attenuated (Table 3). Addition of sleep
efficiency had the greatest effect, decreasing the odds ratio by 10.5% (percent difference in
beta coefficients 100*(1.05-0.94)/1.05=10.5%).

Further adjustment for potential mediators in models with the outcome, number of
depressive symptoms, did not substantially alter effect size of RLS or statistical significance.
Adjusted means for those with IRLSS>12 were slightly attenuated from 1.69 to 1.67
(addition of sleep efficiency or sleep latency, percent difference in beta coefficients
100*(0.2530.247)/0.253=2.4%, 100*(0.253-0.245)/0.253=3.2%, respectively), or 1.65
(antidepressant use, 100*(0.253-0.234)/0.253=7.5%). So association of RLS category with
depression and number of depressive symptoms was only partially modified by
antidepressant use, sleep latency, or sleep efficiency.

Stratification Models and Exploratory Analyses

Analysis for the outcome, number of depressive symptoms, was stratified by PLMI as there
was significant interaction between RLS category and PLMI (p=0.04, F[2,979]=3.13, Figure
2). For men with PLMI=median, there was a significant increase in number of depressive
symptoms as category of RLS increased (p-trend=0.002, t[d.f=447]=3.06). No significant
associations were seen among men with below median PLMI.

In an exploratory analysis, among persons with moderate-to-severe RLS, those taking
antidepressant medication had significantly fewer depressive symptoms compared to those
not taking these medicines (4.3+3.8 vs. 2.3+2.5; p for interaction= 0.02, F[1,978]=5.13).

DISCUSSION

In this study of community-dwelling older men, about one in eight men with moderate-to-
severe RLS had depression, compared to just one in twenty-five men with no or mild RLS.
Men with moderate-to-severe RLS were more likely to be taking antidepressant medication
and had higher PLMI, lower sleep efficiency, and more prolonged sleep latency, each of
these clinical entities being potential mediators or modifiers of the RLS-depression
association. The extent to which these factors mediated the relationship between RLS and
depression was explored using regression modeling. For the relationship between depression
and RLS severity, effect size was attenuated most when sleep efficiency was added to
multivariate models, suggesting that poor sleep was a stronger mediator of this relationship
than other clinic factors. Sleep efficiency was the only potential mediator that met criteria of
reducing the association or RLS and depression by >10%. PLMS was a potential modifier of
the RLS-depression relationship, meaning that those with RLS and PLMS behaved
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differently than RLS sufferers without PLMS. Only in those with high PLMI and moderate-
to-severe RLS was there an association with number of depressive symptoms.

These findings argue for effect mediation and moderation of RLS-depression by poor sleep
efficiency and PLMS, respectively. Persons with RLS are well known to have disrupted
sleep, (1, 42, 43) which is among the most troublesome of symptoms to those with RLS. The
most common sleep abnormalities in RLS are prolonged sleep latency and reduced sleep
efficiency;(11, 42, 44) both of these sleeping abnormalities is commonly seen in depression.
(45) In our study, both sleep latency and sleep efficiency were significantly associated with
RLS. The inclusion of sleep efficiency in particular lessened the effect size in models of
depression by RLS category.

PLMS showed potential to moderate the RLS—depression relationship. There is reason to
believe that persons with RLS and PLMS differ from RLS sufferers without PLMS, thus
PLMS could be a moderating factor of RLS-depression. It has been suggested by some that
PLMS is an endophenotype for RLS.(46) Genetically, variants in the BTBD9 gene are more
strongly associated with RLS when combined with PLMS.(12) Furthermore, RLS sufferers
without PLMS may be less likely to respond therapeutically to dopaminergic medications.
(13) Finally, persons with frequent PLMS are known to have RLS that is more severe.(47)

Historically, antidepressant medication has a controversial association to RLS and PLMS
with numerous reports that they aggravate both RLS and PLMS.(14) Our current analysis
did not support the idea that antidepressant medications mediate the association between
RLS and depression. In our study, persons with moderate-to-severe RLS were significantly
more likely to be taking antidepressant medication, most commonly trazodone, sertraline,
fluoxetine, and citalopram, with the first two agents being used at higher rates in those with
moderate-to-severe RLS. Among persons with moderate-to-severe RLS, those taking an
antidepressant medication had significantly fewer depressive symptoms compared to those
not taking these medicines. Because of the cross-sectional nature of study, directionality and
causality cannot be shown. So the question remains: Are antidepressants associated with
worsening of RLS symptoms? Or are patients with RLS more likely to take antidepressants
because RLS itself is associated with depression? This study cannot sort out this important
question, but it is reassuring that for many RLS sufferers on antidepressant medication
(compared to not on medication), depressive symptoms were less numerous.

Trazodone in particular was being used more commonly in persons with severe RLS. Again,
it is not clear whether this medicine was associated with RLS worsening or was prescribed
to treat sleep difficulty present with severe RLS. Given the pharmacology of trazodone
includes serotonin reuptake inhibition, it is possible that it would aggravate RLS symptoms,
and thus should be used with caution in individuals with RLS.

Our study has several strengths. This is a large community-based cohort of elderly men in
which sleep and PLMS have been carefully measured. Actigraphy conducted over five days
is more likely to reflect an individual’s true sleep pattern than polysomnography done on
one night. The use of GDS is also a strength as this scale is validated and has excellent
sensitivity and specificity in detecting depression.(48) Nevertheless, the use of a scale cannot
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replace a clinical diagnosis by a trained psychiatrist. There are limitations to consider. PLMS
was measured on one night during polysomnography, several years before the measurement
of RLS and GDS. PLMS represents the only data that was not measured in sleep visit 2, but
in this analysis, the data as a whole were analyzed as if cross-sectional. PLMS does vary
night-to-night even within individuals, so this is an important limitation to consider.(49)
Furthermore, limb movements were detected by piezo-electric sensors, not the more
standardly-used electromyographic sensors. The cross-sectional nature of the study does not
allow testing of directionality or causality, yet only that RLS and depression are associated.
The criteria for effect modification were arbitrarily chosen. Although these criteria have
been used in other past studies, for these data it is within the confidence intervals of the
statistics and so, may have been a chance finding. And the inclusion of older men only does
not allow generalizability to women and younger persons. Among the cohort, included were
persons with neurologic disease including stroke and Parkinson disease, which may have
introduced confounding, as RLS and depression are more prevalent in both conditions; and
in Parkinson disease, an issue of dopaminergic treatment, which is used to treat RLS.

Our definition of hypopnea included only breathing events associated with >3% oxygen
desaturation. Hypopneas associated with arousal were not scored, so we cannot rule out the
possibility that PLMS were over-scored to include limb movements produced by disordered
breathing. To our knowledge, this is the first study that attempts to determine what factors
mediate, modify, or confound the common association between RLS and depression. In
large part, we expected that measures of sleep disruption would mediate and antidepressant
usage would confound this important clinical association. None of the candidate measures
were very strong mediators of RLS-depression, but sleep efficiency did explain a modest
amount of the RLS-depression relationship in regression models. Effect modification was
further suggested for PLMI in stratification models, as only among men with frequent PLMS
was there significant association of RLS and number of depressive symptoms. This study
provides a rationale to study what factors may affect the RLS-depression relationship.
Similar studies are needed to examine this association among women and other groups. It
will be important in future studies to perform formal mediation analyses in a prospective
cohort, where a depression outcome is measured at a later date. Such studies would help
determine the sequence of events when considering the co-existing entities of RLS and
depression.
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5994 enrolled in MrOS
Study
baseline visit
2000 to 2002
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3135 enrolled in
ancillary Sleep Visit 1
2003 to 2005

2859 not at sleep visit 1
1997 refused
349 had died
40 had terminated
150 were not eligible
323 not asked, recruitment
goal met

1055 enrolled in
ancillary Sleep Visit 2
20089 to 2012

2080 not at Sleep Visit 2
288 not eligible, no Sleep
Visit 1 actigraphy and
polysomnography
856 refused
537 had died
37 had terminated
54 were not eligible
308 not asked, recruitment
goal met

3 missing GDS data

1052 with GDS data at
Sleep Visit 2

1041 with actigraphy
and PLMI data

11 missing actigraphy data
1 equipment malfunction
3 participant removed
6 not eligible
1 not given actigraph

59 missing IRLSS data

N=815 no RLS
3 took IRLS, scored 0
813 didn’t need to take
IRLS

N=85
0<IRLSS<12

N=82
IRLSS>=12

Figure 1.

Progression of Participants through the MrOS and MrOS Sleep Studies
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Figure 2. Multivariable Adjusted Associations of Restless Legs Syndrome and Number of
Depressive Symptoms Stratified by Periodic Limb Movement Index, Adjusted Means (95%

Confidence Interval)

Adjusted for age, site, race (white vs. nonwhite), body mass index, alcohol use, caffeine
intake, smoking status, physical activity, cognitive function, history of stroke, history of

diabetes, history of myocardial infarction or congestive heart failure, use of

benzodiazepines, use of dopaminergics, education, apnea-hypopnea index. Test for
interaction, F[2,979]=3.13. Test for trend from a linear regression model, t{fN=447]=3.06.
Abbreviations, IRSS=International RLS Study Group Severity Scale; PLMI=periodic limb

movement index.
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Table 3
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Adjusted Associations of Restless Legs Syndrome and Depression, Odds Ratio (95% Confidence Interval),

Wald x 2 test statistic.

No RLS 0<IRLSS<12 IRLSS>12 p-trend
Model (n=815) (n=85) (n=82) x2 value
Minimally adjusted? 1.00 (reference)  0.81 (0.24, 2.71), x2=0.12  3.06 (1.42, 6.58), x?=8.15  p=0.01, x>=6.24
Multivariate adjusted? 1.00 (reference)  0.93 (0.27,3.17), x2=0.02  2.85(1.23,6.64), x?=5.92  p=0.03, x*=4.78
Multivariate? + antidepressantuse ~ 1-00 (reference)  0.92 (0.27, 3.17), x?=0.02  2.60 (1.10, 6.13), x?>=4.75  p=0.05, x?=3.82
Multivariate + sleep efficiency 1.0 (reference) 0.8 (0.25, 3.06), x2=0.04 ~ 2.55 (1.08, 6.03), x?=4.54  p=0.06, x?=3.57
Multivariate? + sleep latency 1.00 (reference)  0.91 (0.26, 3.11), x?=0.03 ~ 2.61 (1.11, 6.11), x?=4.86  p=0.05, x?=3.89

laadjusted for age and site, Wald XZ [1, N=982].

adjusted for age, site, race (white vs. nonwhite), body mass index, alcohol use, caffeine intake, smoking status, physical activity, cognitive
function, history of stroke, history of diabetes, history of myocardial infarction or congestive heart failure, use of benzodiazepines, use of

dopamenergics, education, apnea-hypopnea index, Wald X2 [1, N=945].

Bolded odds ratios and 95% confidence intervals are p<0.05 compared to the reference.

Abbreviations, IRSS=International RLS Study Group Severity Scale.
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Associations of Restless Legs Syndrome and Number of Depressive Symptoms Adjusted Means (95%

Confidence Interval), t-value

Table 4

No RLS 0<IRLSS<12 IRLSS>12 p-trend,
Model (n=815) (n=85) (n=82) t-value
1.15(0.87,1.46), 1.90(1.52,2.34), p=0.0004,

Minimally adjusted? 1.15(1.05,1.24)  t(973)=-0.006 t(973)=3.99 t(974)=3.53
1.22(0.94,1.53), 1.69(1.32,2.11), p=0.007,

Multivariate adjustedb 1.14 (1.05, 1.24) t(919)=0.47 t(919)=2.90 t(920)=2.72
1.21(0.94,1.52), 1.65(1.29, 2.06), p=0.01,

Multivariate? + antidepressant use  1.15 (1.06, 1.24) t(918)=0.42 1(918)=2.71 t(919)=2.54
1.21(0.93,1.52), 1.67(1.31,2.09), p=0.008,

Multivariate? + sleep efficiency 1.14 (1.05, 1.24) t(918)=0.42 1(918)=2.83 t(919)=2.64
1.21(0.94,1.52), 1.67(1.31,2.09), p=0.009,

Multivariate? + sleep latency 1.14 (1.05, 1.24) t(918)=0.43 1(918)=2.81 1(919)=2.62

aadjusted for age and site. N=982

adjusted for age, site, race (white vs. nonwhite), body mass index, alcohol use, caffeine intake, smoking status, physical activity, cognitive
function, history of stroke, history of diabetes, history of myocardial infarction or congestive heart failure, use of benzodiazepines, use of

Page 20

dopamenergics, education, apnea-hypopnea index. N=945. Bolded adjusted means ratios and 95% confidence intervals are p<0.05 compared to the

reference (no RLS).

Abbreviations, IRSS=International RLS Study Group Severity Scale
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