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Abstract [ MOREONUINE

Objective @ CME Course

We prospectively examined whether women with physician-diagnosed restless legs syndrome NPub.org/cmelist

(RLS) had a higher risk of total and cardiovascular disease (CVD) mortality relative to those
without RLS.

Methods

The current study included 57,417 women (mean age 67 years) from the Nurses’ Health
Study without cancer, renal failure, and CVD at baseline (2002). Main outcomes were total
and CVD mortality. We used the Cox proportional hazards model to calculate hazard ratios
(HRs) and 95% confidence intervals (CIs) for all-cause and CVD-specific mortality based on
RLS status, adjusting for age, presence of major chronic diseases, and other potential
confounders.

Results

We documented 6,448 deaths during 10 years of follow-up. We did not observe a signifi-
cant association between presence of physician-diagnosed RLS and high risk of total
mortality (adjusted HR 1.15, 95% CI 0.98-1.34). When cause-specific mortality was
studied, participants with RLS had a significantly higher risk of CVD mortality (adjusted
HR 1.43, 95% CI 1.02-2.00) relative to those without RLS after adjustment for potential
confounders. Longer duration of RLS diagnosis was significantly associated with a higher
risk of CVD mortality (p for trend = 0.04). Excluding participants with common RLS
comorbidities strengthened the association between RLS and total (adjusted HR 1.43,
95% CI 1.03-1.97) and CVD mortality (adjusted HR 2.27, 95% CI 1.21-4.28). However,
we did not find a significant association between RLS and mortality due to cancer and
other causes.

Conclusions
Women with RLS had a higher CVD mortality rate, which may not be fully explained by
common co-occurring disorders of RLS.
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Glossary

BMI = body mass index; CHD = coronary heart disease; CI = confidence interval; CVD = cardiovascular disease; HR = hazard
ratio; ICD-8 = International Classification of Diseases, Eighth Revision; NHS = Nurses’ Health Study; RLS = restless legs

syndrome.

Restless legs syndrome (RLS) is a common sleep disorder
with an =5% to 10% prevalence in the adult population.'™
RLS is defined as an urge to move the legs when resting or
lying down, especially at night; the urge is relieved by activity.1
RLS can also lead to sleep disturbance and short or prolonged
sleep duration."””* Many previous studies showed that people
living with RLS had a higher risk of cardiovascular disease
(CVD) and other chronic conditions (e.g, obesity, de-
pression, and disability).” "

Five previous studies generated inconsistent results regarding
whether RLS was associated with altered risk of total
mortality."*"'* All § studies had some limitations such as small
sample size'*'* and missing information on RLS duration.'*"**
Studying potential deleterious effects of RLS in women is of
particular importance because women have a higher preva-
lence of RLS relative to men.® In our previous study, we found
that women with RLS had higher risks of developing coronary
heart disease (CHD).® However, the potential influence of
RLS on CVD mortality was examined only in a men-only
study.'”

We thus prospectively examined whether the presence of RLS
was associated with a higher risk of total and CVD mortality
among =57,000 older women independently of other sleep
disorders, lifestyle factors and comorbidities. We also ex-
plored the association between RLS and deaths due to cancer
and other conditions.

Methods

Participants

We used the Nurses” Health Study (NHS) cohort, estab-
lished in 1976 (cohort baseline) and consisting of 121,700
nurses 30 to 55 years of age from 11 US states. All par-
ticipants’ information was collected and updated with
a series of mailed questionnaires (every 2 years). The
follow-up rate, which is defined as the number of person-
years in the cohort when participants are censored after
their last questionnaire response or at death, was 95.6%. In
2002 (study baseline), from 82,160 participants (mean age
67 years) who were still alive and had actively responded to
the follow-up questionnaires including several sleep
questions (e.g., RLS and sleep duration), we excluded
participants with cancer (n = 12,253), renal failure (n =
160), and CVD at baseline (n = 12,074) and those without
information on RLS and sleep duration (n = 265), leaving
57,417 participants in the current analyses (figure e-1,
http://Iinks.lww.com/WNL/A27).
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Standard protocol approvals, registrations,
and patient consents

The institutional review boards of the Brigham and Women'’s
Hospital and Harvard School of Public Health approved the
study design.

Assessment of physician-diagnosed RLS, sleep
duration, and potential confounders

In the 2002 questionnaire, we included the following question
“Have you ever had physician-diagnosed restless legs syn-
drome?” Possible diagnosis dates were 1996 or before, 1997
to 1999, 2000, 2001, or 2002.

From the 2002 questionnaire, baseline characteristics for
participants were collected, including age, race, smoking sta-
tus, body mass index (BMI), physical activity (metabolic
equivalent tasks per week), alcohol consumption (grams per
day), sleep duration (hours per 24 hours), and snoring fre-
quency; history of major chronic diseases (arthritis, diabetes
mellitus, hypertension, hypocholesterolemia, and Parkinson
disease) in or before 2002; and use of vitamin supplements,
aspirin, antidepressant drugs, and antihypertensives (thiazide
diuretic, calcium blocker, p-blockers, angiotensin-converting
enzyme inhibitors, angiotensin receptor blocker, and others).

Ascertainment of mortality cases

Deaths were identified according to state vital statistics
records, the National Death Index, family reports, and the
postal system. Using these methods, we were able to ascertain
>98% of the deaths in the cohort.'” Death certificates were
obtained, and permission was requested from the next of kin
to review medical records when appropriate. Physician
reviewers assigned the cause of death according to ICD-8. For
this analysis, we assessed all-cause mortality and deaths due to
CVD (ICD-8 codes 390-458), cancer (ICD-8 codes
140-207), and other causes.

Statistical analyses

We used SAS 9.4 (SAS Institute, Cary, NC) to perform the
statistical analysis. For each participant, person-years were
calculated from the return of the 2002 questionnaire, to the
date of participants’ death or June 1, 2012, or to the date of
their last questionnaire returned, depending on which came
first. The presence of physician-diagnosed RLS status (yes vs
no) was treated as a primary exposure in the current study.
Because our previous study suggested that a longer duration
of RLS diagnosis was associated with higher risk of CHD,* we
further classified participants into 3 groups based on the ex-
istence of physician-diagnosed RLS and duration of RLS
diagnosis—no RLS, RLS diagnosis <3 years (the midpoint of
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the RLS duration), and RLS diagnosis for >3 years—to ex-
amine the association between RLS duration and mortality.
To examine the potential dose-response relationship between
the duration of RLS diagnosis and risk of mortality, we treated
years of RLS diagnosis as a continuous variable for trend test,
adjusting for aforementioned covariates.

The Cox proportional hazards model was used to calculate the
hazard ratio (HR) and 95% confidence interval (CI) in each
category of RLS. In the multivariable models, we adjusted for
potential confounders that could be associated with RLS and
mortality, including age (months), race (white, yes/no),
smoking status (never smoker, former smoker, or current
smoker), alcohol consumption (0, 0.1-4.9, 5.0-9.9,
10.0-14.9,and >15 g/d), BMI (kilograms per meter squared),
physical activity (quintiles), Adjusted Healthy Eating Index
(quintiles), use of estrogen hormone therapy (pre-
menopausal, postmenopausal with no use, past user, or cur-
rent user), regular use of aspirin (yes/no), use of
antidepressant drugs (yes/no), use of antihypertensive drugs
(yes/no), and history of chronic diseases (arthritis, diabetes
mellitus, hypertension, hypercholesterolemia, and Parkinson
disease). We further adjusted for other sleep parameters, in-
cluding snoring frequency (every night, most night, a few
nights a week, occasionally or almost never) and sleep dura-
tion (<5, 6, 7, 8, or 9 h/24 h), and use of iron-specific
supplements (yes/no).

We examined potential interactions of the presence of RLS
(yes vs no) with age (<65 or >65 years, approximate mean age
of the studied population), overweight (yes/no, based on
BMI >25 kg/m?®), and smoking status (never vs ever) by
including multiplicative terms in the Cox models with ad-
justment for other potential confounders.

Because individuals with RLS were more likely to have other
comorbidities, we conducted a sensitivity analysis by exclud-
ing women with snoring, short (<6 h/d) or prolonged (>9 h/d)
sleep duration, Parkinson disease, diabetes mellitus, arthritis,
use of antidepressants and iron-specific supplement (surro-
gates of depression and iron-deficiency anemia, respectively),
and obesity (BMI >30 kg/m”). To reduce the possibility of
reverse causality bias, we further excluded deaths in the first 2
years of follow-up (ie., 2-year lag analysis).

Results

Among 57,417 participants in 2002 (the study baseline),
1,151 (2.0%) women reported physician-diagnosed RLS.
Compared with women without RLS, those with RLS tended
to be older and white and to have a higher BMI and had
a higher prevalence of chronic disease (e.g, hypertension,
diabetes mellitus, arthritis, and hypercholesterolemia), sleep
disorders (e.g., snoring and short/prolonged sleep duration),
and use of iron-specific supplements, antidepressants, and
antihypertensives (table 1).
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From 2002 to 2012, 6,448 deaths were documented, in-
cluding 1,125 CVD deaths, 1,943 cancer deaths, and 3,380
other deaths. In the age-adjusted model, women with RLS had
a higher risk of total mortality compared with those without
RLS (HR 1.32, 95% CI 1.13-1.54) (table 2). After further
adjustment for other potential confounders, including use of
aspirin, iron and vitamin supplements, antidepressants, and
antihypertensive drugs, history of chronic disease, and sleep
parameters (sleep duration and snoring), the relationship
between RLS and total mortality was not significant (adjusted
HR 1.15,95% CI 0.98-1.34). However, participants with RLS
had a 43% higher risk of CVD mortality (adjusted HR 1.43,
95% CI 1.02-2.00) relative to those without RLS with the
same model adjustment (table 2). There was a significant
dose-response relationship between longer duration of RLS
diagnosis and higher CVD mortality (p for trend = 0.04). We
did not observe significant interactions between RLS and age,
smoking, or overweight in relation to total and CVD mortality
(p for interaction >0.1 for all). In contrast, RLS was not as-
sociated with deaths due to cancer or other causes (table 2).

After the exclusion of 36,353 participants with common
comorbidities of RLS, including snoring, short or prolonged
sleep duration, Parkinson disease, diabetes mellitus, arthritis,
use of antidepressants or iron-specific supplements, and
obesity, the association between RLS and total and CVD
mortality became stronger and statistically significant among
women with RLS compared to those without RLS: the ad-
justed HR was 1.43 (95% CI 1.03-1.97) for total mortality
and 2.27 (95% CI 1.21-4.28) for CVD mortality. Duration of
RLS diagnosis was significantly associated with total and CVD
mortality (p for trend <0.04 for both) (figure 1A). When we
further excluded deaths in the first 2 years of follow-up after
excluding the comorbidities, the presence of RLS (adjusted
HR 1.50, 95% CI 1.07-2.08 for total mortality; adjusted HR
2.77,95% CI 1.47-5.23 for CVD mortality, p < 0.02 for both)
and longer duration of RLS diagnosis (p for trend <0.03 for
both) (figure 1B) were significantly associated with a higher
total and CVD mortality.

Discussion

In this well-established large prospective cohort of women,
the presence of RLS was significantly associated with a higher
risk of CVD mortality during 10 years of follow-up relative to
those without the disorder. The association was dependent on
the duration of RLS diagnosis: the longer the presumed RLS
disease duration, the higher the risk of CVD mortality. After
we excluded participants with common RLS comorbidities,
the association between RLS status and duration and CVD
mortality became stronger and remained significant even
though the sample size decreased greatly. This result sug-
gested that the association might not be explained by the
presence of these RLS comorbidities. In contrast, we did not
observe any statistically significant association between RLS
and deaths due to cancer or other causes. The strengths of our
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Table 1 Age-standardized characteristics according to
RLS status in the NHS in 2002

No RLS RLS
No. 56,266 1,151
Age, y* 67.0 (7.0) 67.7 (7.1)
White, % 97.4 98.8
BMI, kg/m? 26.6 (5.3) 27.4(5.9)
Past smokers, % 45.8 50.8
Current smoker, % 8.4 7.5
Physical activity, MET-h/wk® 18.1(21.2) 16.9 (20.8)
Alternative Healthy Eating 47.4 (10.1) 47.1 (10.0)
Index score
Alcohol, g/d 6.1 (10.5) 5.5(9.7)
Use of aspirin, % 46.2 44.5
Use of iron-specific supplement, % 1.7 3.0
Use of antidepressant, % 10.3 27.6
Use of antihypertensive, % 42.1 51.8
Postmenopausal HRT user, % 38.2 44.0
Sleep duration <6 h/24 h, % 24.8 28.4
Sleep duration 7-8 h/24 h, % 67.5 60.8
Sleep duration 29 h/24 h, % 7.8 10.8
Frequent snoring, % 18.7 26.6
Presence of arthritis in or 9.9 15.8
before 2002, %
Presence of diabetes mellitus in or 8.1 12.9
before 2002, %
Presence of hypertension in or 50.5 59.9
before 2002, %
Presence of hypercholesterolemia in or 61.8 71.0
before 2002, %
Presence of Parkinson disease in or 0.3 1.0

before 2002, %

Abbreviations: BMI = body mass index; CHD = coronary heart disease; HRT =
hormone replacement therapy; MET = metabolic equivalent task; NHS =
Nurses' Health Study; RLS = restless legs syndrome.

Values are means (SD) or percentages and are standardized to the age
distribution of the study population.

2Value is not age-adjusted.

® METs from recreational and leisure-time activities.

study included a large sample size, long follow-up duration,
alarge number of outcome events (6,448 deaths vs <55-2,765
deaths in previous studies), and availability of cause-specific
mortality data and detailed information on potential
confounders.

The findings that RLS, particularly RLS with a longer duration
of diagnosis, was significantly associated with a higher risk of
CVD mortality are consistent with our previous study based
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on the same NHS cohort® In that NHS study, the
multivariable-adjusted HRs were 1.80 (95% CI 1.07-3.01) for
nonfatal myocardial infarction and 1.49 (95% CI 0.55-4.04)
for fatal CHD compared to women without RLS.® Consistent
with our study, physician-diagnosed RLS was significantly
associated with incident myocardial infarction in the Out-
comes of Sleep Disorders in Older Men Study after adjust-
ment for the presence of Periodic Limb Movement of Sleep
Index and other potential confounders.” Similar findings
were observed in another California cohort study in which
only secondary (but not primary) RLS tended to increase the
risk of CVD and hypertension.”"* In distinction, in the cur-
rent study, when we excluded women with common RLS
comorbidities (reducing the number of those with secondary
RLS), the association between RLS and CVD became
stronger. This is consistent with the notion that the presence
of the common comorbidities might weaken the association
between RLS and the risk of developing CVD and mortality."*
In other studies of the association of RLS and incident CVD,
a significant association was observed in a large cohort of US
veterans'® but not in 2 other cohorts.”® In a recent study
including 665 adult Amerindians >40 years of age, the pres-
ence of RLS was not associated with CVD risk factors.”* The
lack of significant association could be due to small sample
size. Alternatively, it suggests that age may modify the asso-
ciation between RLS and CVD risk/mortality. However, we
did not find a significant interaction between age and RLS in
relation to CVD mortality.

The mechanisms by which RLS may predispose to CVD and
cardiovascular-specific mortality remain unknown. RLS-
related poor sleep quality and duration® may increase the
activation of inflammatory cytokines such as serum C-reactive
proteins, which contribute to CVD development26 and have
been observed to be related to higher blood pressure,”’
CHD,” and CVD mortality.” Furthermore, periodic limb
movements, which are observed in three-fourths of patients
with RLS, are associated with an increased CVD risk.>>*
addition, endothelial dysfunction, related to lower coronary
flow,” and dopamine deficiency are the other 2 proposed
2631 Dopamine deficiency, correlated with
hypofunction of the A1l diencephalospinal pathway found in
RLS, may result in the disinhibition of somatosensory and
sympathetic pathways in the spinal cord and lead to increased
sympathetic activation, which may cause hypertension, CVD,
and stroke.”**" Alternatively, impairment in the arterial bar-
oreflex and increased peripheral vascular resistance, poten-
tially as a result of increased sympathetic activity, may also
play a role.”

In

mechanisms.

In the age-adjusted model, RLS showed a significant re-
lationship with total mortality, especially in women who had
a longer duration of RLS diagnosis. However, after adjust-
ment for other covariates, the relationship between RLS and
total mortality was not significant. In contrast, in our previous
study based on the Health Professionals Follow-up Study,'”
amen-only cohort, RLS (assessed by diagnostic questionnaire

Neurology.org/N
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Table 2 HRs of mortality according to baseline RLS diagnosis status

RLS
RLS vs no RLS, HR
No RLS RLS <3y RLS 23y p Trend?® (95% CI), p value
Total mortality
Deaths, n 6,284 59 105 164/6,284
Person-years 528,158 3,646 6,939 10,585/528,158
Incidence rate (per 10° person-y), n 1,190 1,618 1,513 1,549/1,190
Age-adjusted HR (95% Cl) 1 (Referent) 1.38(1.07-1.78) 1.28 (1.06-1.56) 0.001 1.32 (1.13-1.54), 0.0005
Multivariable model 1° 1 (Referent) 1.16 (0.90-1.50) 1.15(0.95-1.39) 0.09 1.15(0.99-1.35), 0.07
Multivariable model 2¢ 1 (Referent) 1.19 (0.92-1.54) 1.13(0.93-1.37) 0.12 1.15(0.98-1.34), 0.09
CVD mortality
Deaths, n 1,090 1" 24 35/1,090
Person-years 528,158 3,646 6,939 10,585/528,158
Incidence rate (per 10° person-y), n 206 302 346 331/206
Age-adjusted HR (95% Cl) 1 (Referent) 1.47 (0.81-2.66) 1.69 (1.13-2.53) 0.005 1.61(1.15-2.26), 0.006
Multivariable model 1° 1 (Referent) 1.24 (0.68-2.25) 1.54(1.02-2.31) 0.03 1.43(1.02-2.01), 0.04
Multivariable model 2° 1 (Referent) 1.29(0.71-2.34) 1.50 (1.00-2.25) 0.04 1.43(1.02-2.00), 0.04
Cancer mortality® 1 (Referent) 1.13(0.68-1.88) 1.19 (0.83-1.71) 0.30 1.17 (0.87-1.57), 0.31
Other mortality© 1 (Referent) 1.18 (0.84-1.67) 0.98 (0.74-1.29) 0.86 1.05 (0.84-1.31), 0.67

Abbreviations: Cl = confidence interval; CVD = cardiovascular disease; HR = hazard ratio; RLS = restless legs syndrome.

@ Linear trends were tested for significance by treating the year of RLS diagnosis as a continuous variable.

® Estimated from Cox proportional hazards models and adjusted for age (month), race (white), body mass index, smoking status (never smoker, former
smoker, or current smoker), alcohol drinking (0, 0.1-9.9, 10.0-19.9, 20.0-29.9, and >30.0 g/d), physical activity (metabolic equivalent tasks per week), use of
estrogen hormone therapy (premenopausal, postmenopausal with no use, past user, or current user), regular use of aspirin (yes/no), Alternative Healthy
Eating Index (quintiles), use of antidepressant drugs (yes/no), use of antihypertensive drugs (yes/no), and presence of arthritis, diabetes mellitus, hyper-
cholesterolemia, and Parkinson disease (yes/no). All were treated as time-varying covariates except race.

¢ Adjusted for model 1, snoring frequency, sleep duration (<5, 6, 7, 8, or 29 h/24 h), and iron-specific supplement (yes/no).

with an observed prevalence of 3.7%) had a significant asso-
ciation with a higher risk of total mortality after adjustment for
potential confounders (adjusted HR 1.30,95% CI 1.11-1.52).
One possible explanation for this discrepancy is that only
physician-diagnosed RLS was considered in our current study.
Previous studies reported that RLS was underdiagnosed, with
more than half of the patients with RLS not identified.”**
our study, in which we relied only on a history of physician-
diagnosed RLS, only 2.0% of participants were defined as
having had RLS, which is lower than the RLS prevalence
observed in the general population (=5%-6%).' In our pre-
vious study based on the NHS II, which included 65,554
middle-aged nurses, we found that 6.4% of women had RLS
on the basis of a set of standardized questions.® These >2-fold
differences in prevalence may have resulted because some
patients who had RLS at the time of the current study might
not have received a diagnosis of RLS from a physician at the
time of the study, thus introducing the misclassification for
RLS assessment. Therefore, the true effect size of RLS on total
mortality could have been underestimated. However, the use
of physician-diagnosed RLS could introduce a selective

In
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identification of individuals with severe RLS, which might
lead to overestimation of the true effect of RLS on mortality.
In a recent US veteran study in which RLS was identified by
the ICD code, a significant association between incident
RLS and future risk of total mortality was observed (ad-
justed HR 1.88, 95% CI 1.70-2.08)."* In a 4-cohort study'®
in which RLS was assessed via an RLS symptom question-
naire, the investigators did not find a significant association
between RLS and total mortality. In this context, more
studies are warranted to understand the pros and cons of the
use of patient-reported physician diagnosis of RLS vs an
RLS symptom questionnaire for RLS ascertainment in
large-scale epidemiology studies. Sex difference could be
another potential explanation for the discrepancy between
studies. Similar sex differences for the RLS-mortality re-
lationship were reported in a previous Swedish-based
study'® and a 4-cohort study'® in which the nonsignificant
association between RLS and total mortality generally was
found to be more pronounced in men than in women.
However, the biological mechanism underlying this po-
tential sex difference remains unknown.
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Figure 1 HRs and 95% Cls for total and CVD mortality,
sensitivity analyses
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HRs and Cls are according to RLS duration among 21,063 participants (A)
without snoring, short (<6 h/d) or prolonged (=9 h/d) sleep duration, ar-
thritis, diabetes mellitus, Parkinson disease, obesity, and use of anti-
depressants or iron-specific supplements or (B) further excluding death in
the first 2 years of follow-up. The models were adjusted for age (months),
race (white, yes/no), smoking status (never smoker, former smoker, or
current smoker), alcohol consumption (0, 0.1-4.9, 5.0-9.9, 10.0-14.9, and
=15 g/d), physical activity (quintiles), Adjusted Healthy Eating Index (quin-
tiles), history of hypertension and hypercholesterolemia, use of estrogen
hormone therapy (premenopausal, postmenopausal with no use, past user,
or current user), and regular use of aspirin (yes/no). Linear trends were
tested for significance by treating the year of RLS diagnosis as a continuous
variable. Cl = confidence interval; CVD = cardiovascular disease; HR = hazard
ratio; RLS = restless legs syndrome. *p < 0.05 relative to women without RLS;
**p < 0.01 relative to women without RLS.

Some limitations of our study warrant consideration. As
addressed above, using only physician-diagnosed RLS could
lead to misclassification of the non-RLS group. Determination
of RLS duration was also based on participants’ recall, which is
vulnerable to misclassification. We did not collect information
on RLS severity and use of RLS-related medications, which
could confound the observed associations. Our study is also
limited by the lack of objective data such as the periodic leg
movement burden, which could potentially identify those
participants at high risk for CVD outcome. Snoring based on
self-report and questionnaires might misclassify many indi-
viduals’ sleep-related breathing disorder status. Sleep studies
would be a more accurate measure; however, it is not feasible

Neurology | Volume 90, Number 2 | January9, 2018

to perform sleep studies on all participants in such a large
cohort. It is noteworthy that in a sensitivity analysis excluding
participants with snoring and obesity (a major determinant of
sleep apnea status), we observed a similar significant associ-
ation between RLS and CVD mortality. Residual confounding
could occur, although we carefully controlled for a wide range
of potential confounders. For example, we did not collect
information on peripheral neuropathy. However, we adjusted
for the presence of diabetes mellitus, which is strongly asso-
ciated with neuropathy, in the primary analysis and excluded
those with diabetes mellitus in the sensitivity analysis. It is also
worth noting that we did not have information on RLS se-
verity. Finally, because the majority of the participants in these
cohorts are white, the results of this study may not be gen-
eralizable to other race groups.

In this large-scale study of women, we found that women with
physician-diagnosed RLS tended to have a higher risk of total
and CVD mortality. The association between RLS and mor-
tality increased when women had a longer duration of RLS
diagnosis.
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Study question
Do women with physician-diagnosed restless legs syndrome
(RLS) have elevated rates of total and cardiovascular disease

(CVD) mortality?

Summary answer
They have an elevated CVD mortality rate, but the findings
for total mortality were ambiguous.

What is known and what this article adds
People with RLS are at elevated risk of CVD and other
chronic conditions, but previous studies of mortality in people
with RLS have reported inconsistent results. This study
clarifies how RLS affects total and CVD mortality in older
women specifically.

Participants and setting

This study examined 57,417 women (mean age 67 years)
from the Nurses” Health Study without CVD at baseline. Of
them, 1,151 (2.0%) had physician-diagnosed RLS at baseline.

Design, size, and duration

The participants were mailed questionnaires at 2-year inter-
vals from 2002, the baseline year for the current analysis, until
2012. These questionnaires asked about RLS and other
medical and lifestyle factors. Death certificates were obtained
for participants who died, which allowed causes to be ascer-
tained for approximately 98% of cases.

Main results and the role of chance

Over the study period, there were 6,448 documented deaths,
including 1,125 CVD deaths. A Cox proportional hazards
model with adjustments for multiple potential confounders
showed that compared to women without RLS, women with
RLS had a similar total mortality risk (hazard ratio [HR] 1.15;
95% confidence interval [CI] 0.98-1.34) but a significantly
greater CVD mortality risk (HR 1.43; 95% CI 1.02-2.00).
The duration of the RLS diagnosis was significantly related to
increased CVD mortality (p = 0.04 for trend). Excluding
36,353 participants with common RLS comorbidities
strengthened the adjusted risks for total mortality (HR 1.43;
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7 = Total mortality, p=0.03
m CVD mortality, p=0.008

HR and 95% CI for RLS and mortality

RLS <3 years

RLS 23 years

95% CI 1.03-1.97) and CVD mortality (HR 2.27; 95% CI
1.21-4.28) and resulted in RLS diagnosis durations being
significantly related to increased total and CVD mortality
rates (p < 0.04 for both trends, figure).

Bias, confounding, and other reasons

for caution

Because these data are observational, there is a possibility of
residual confounding. The study used subjective reports
rather than objective measurements and collected no RLS
severity data.

Generalizability to other populations

Relying on physician diagnoses may have biased the study
pool toward individuals with severe RLS. Most participants
were Caucasian, which may limit generalizability to patients of
other races.
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