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Abstract
Limited research suggests a relationship between Restless Legs Syndrome and hypertension. We,
therefore, assessed the relationship between restless legs syndrome and hypertension among
middle-aged women.

This is a cross-sectional study including 65,544 women (aged 41-58 years) participating in Nurses
Health Study II. The participants with diabetes and arthritis were excluded as these conditions can
mimic restless legs syndrome. Restless legs syndrome was assessed by a self-administered
questionnaire based on the International Restless Legs Study Group criteria. Information on
diagnosis of hypertension and blood pressure values were collected via questionnaires.
Multivariable logistic regression models were used to analyze the relation between restless legs
syndrome and hypertension, with adjustment for age, race, body mass index, physical activity,
menopausal status, smoking, use of analgesics, and intake of alcohol, caffeine, folate, and iron.

Compared to women with no restless legs symptoms, the multiple adjusted odds of having
hypertension were 1.20 (95% CI: 1.10-1.30; P<0.0001) times higher among women with restless
legs symptoms. The adjusted odds ratios for women who reported restless legs symptoms 5-14
times/month and ≥15 times/month were 1.06 (95% CI 0.94-1.18) and 1.41 (95% CI 1.24-1.61)
respectively, compared to those without the symptoms (P trend <0.0001). Greater frequency of
restless legs symptoms was associated with higher concurrent systolic and diastolic blood
pressures (P trend<0.0001 for both).

Women with restless legs syndrome have a higher prevalence of hypertension, and this prevalence
increases with more frequent restless legs symptoms.
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Introduction
Restless legs syndrome (RLS) is a common, yet under recognized sensory motor disorder
characterized by intense, unpleasant leg sensations, and an irresistible urge to move the
legs1. The symptoms of RLS can impair sleep onset, sleep maintenance, and overall quality
of life2, 3. Most studies have reported a prevalence of approximately 5-15% of the adult
population4. RLS affects both men and women, with a female preponderance of almost
2:156. Epidemiologic studies have suggested a possible association between RLS and
cardiovascular diseases78, however the association between RLS and hypertension remains
controversial. Previous studies have suggested that individuals with RLS are at increased
risk of developing hypertension because of the presence of periodic limb movements of
sleep (PLMS), seen in 80% of patients with RLS. The population based studies have also
suggested that hypertension may act as an intermediary risk factor leading to cardiovascular
diseases 910 in people with RLS.

Despite improvements in awareness and treatment, the prevalence of hypertension has
increased over the last decade. According to the National Center for Health Statistics, one
out of three US adults suffer from hypertension and it has been listed as a primary or
contributing cause of death for 326,000 Americans in 20061112. Because RLS may be
associated with hypertension, further work into the possible clinical impact of RLS is
required.

We, therefore, sought to test the hypothesis that RLS would be associated with prevalence of
hypertension in a large ongoing cohort of US middle-age women.

Methods
Study population

The Nurses’ Health Study (NHS) II is a large prospective cohort of 116,430 female
registered nurses who were 25-42 years old at the start of the study in 1989. Follow-up
questionnaires are mailed to the participants every 2 years. The institutional review board at
Brigham and Women’s Hospital approved this study and completion of the questionnaires
was considered participant’s consent.

Assessment of RLS
In 2005, we asked NHS II participants (n=97,642, mean age 50.4 years) about RLS
symptoms using questions based on the International Restless Legs Study Group Criteria13.
The following question was asked:

“Do you have unpleasant leg sensations like crawling, paresthesia, or pain combined with
motor restlessness and an urge to move”?

The possible responses were as follows: no, less than once/month, 2-4 times/month, 5-14
times/month, and ≥15 times/month. The participants who answered yes were asked the
following two questions:

1. Do these symptoms occur only at rest and does moving improve them?

2. Are these symptoms worse in the evening/night compared with the morning?
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79,992 (82%) women completed the questions regarding RLS. A probable diagnosis of RLS
was thought to be present if participants answered “yes” to all of the above questions and if
symptom frequency was ≥5 times/month14 . To reduce the misclassification of RLS,
participants who had ever reported diabetes, had current arthritis, or who were currently
pregnant were excluded, leaving 65,544 women in the primary analysis.

Assessment of Hypertension
Hypertension was self-reported by participants based on all biennial questionnaires; each
questionnaire asked participants to report if a clinician has made a new diagnosis of
hypertension. Responses from the 2005 questionnaire, the same year as the questions
regarding RLS, were used in this cross-sectional study to determine hypertension status. The
2005 questionnaire also inquired about the participant’s blood pressure during the preceding
2 years. Blood pressure assessment was done using predefined categories for systolic and
diastolic blood pressure. The categories of systolic blood pressure responses (mm Hg) were
<105, 105-114, 115-124, 125-134, 135-144, 145-154, 155-164, 165 -174, 175+, and
unknown or not checked within the past 2 years. The categories of diastolic pressure
response were <65, 65-74, 75-84, 85-94, 95- 104, 105+, and unknown, or not checked
within the past 2 years. For the purpose of present analyses, individual levels of blood
pressure were assigned the midpoints of those ranges. Individuals who reported
antihypertensive medication use were assigned to the highest category of blood pressure
(SBP 175 and DBP 105).

The validity of self reported hypertension has been examined previously. Forman et al.
compared relevant medical records from a subset of randomly selected nurses who reported
a new diagnosis of hypertension on the 2005 biennial questionnaire with randomly selected
participants who denied this diagnosis in 2005 and in every previous year. The sensitivity of
self reported hypertension was 94% whereas the specificity was 85% 15.

Ascertainment of Covariates
Information on age, body mass index (BMI) (weight in kilograms divided by height in
meters squared), smoking status, physical activity, menopausal status, use of aspirin and
other non-steroidal anti-inflammatory drug (NSAID), and presence of stroke or myocardial
infarction were obtained from the 2005 questionnaire. Dietary intake was assessed based on
a validated food frequency questionnaire16, 17

The reliability and validity of self reported BMI and level of physical activity has been
previously investigated1819. Self reported weight and physical activity have suggested a
correlation of 0.97 and 0.79 respectively20. Alcohol consumption measured by
questionnaires, administered 1 year apart also provided highly reproducible results with a
correlation of 0.9021. Similarly, the validity of the food frequency questionnaire for
measurement of folate intake has also been demonstrated in previous studies20.

Based upon the diet prescribed in the Dietary Approaches to Stop Hypertension (DASH)
trial22, we constructed a DASH score focusing on 8 components: high intake of fruits,
vegetables, nuts and legumes, low-fat dairy products, and whole grains and low intake of
sodium, sweetened beverages, and red and processed meats23

Statistical Analyses
Statistical analyses were completed using SAS version 9.1 (SAS Institute, Inc, Cary, NC).
We categorized participants into 3 groups: no RLS, RLS symptoms 5-14 times/month, and
RLS symptoms ≥15 times/month. Logistic regression models were used to calculate the
prevalence odds ratios (ORs) and 95% confidence intervals (95% CIs) of having
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hypertension among participants with RLS compared to those without RLS. Means (e.g.,
blood pressure) were compared using the General Linear Model procedure in SAS. The
analyses were adjusted for age (in years), BMI (kg/m2), BMI squared, race (Caucasian,
African American, or Asian and others), smoking (never smoked, former smoker, or current
smoker: cigarettes/d, 1-14 or ≥ 15), physical activity (quintiles), alcohol intake (g/d:
0,0.1-4.9, 5.0-9.9, 10.0-14.9, and ≥15), menopause status (premenopausal, no menstrual
periods, or had menopause but now induced by hormones), analgesic use, oral contraceptive
use, DASH score (quintile) and total folate intake (food and supplements, quintiles). In the
sensitivity analysis, we further adjusted caffeine and iron intake, the Crown-Crisp phobic
anxiety index, antidepressant use, sleep duration and history of myocardial infarction or
stroke.

We examined potential interactions of presence of RLS (no, 1-14, ≥15 times/mo) with age
(<50 or ≥ 50 years, median value), obesity status (BMI <25, 25-29, and ≥ 30 kg/m2), and
menopause status (yes/ no), by including multiplicative terms in the logistic regression
models, with adjustment for other potential confounders.

Results
The characteristics of women participating in NHS II are shown in Table 1. Average age
was 50.5 years. Greater intake of caffeine, analgesics, and tobacco was noted among women
with RLS symptoms ≥15 times per month, relative to those without RLS. Similarly, women
with less physical activity and post-menopausal status reported more frequent RLS
symptoms.

The prevalence of hypertension was 33.0% (576/1748) among the group with more frequent
RLS symptoms (>15 times/month), 26.0% (643/2475) within the group with RLS symptoms
5-14 times /month, and 21.4% (13104/61321) within the group with no RLS symptoms
(Table 2). The age-adjusted prevalence odds of hypertension were 1.43 (95%CI: 1.33, 1.53;
P < 0.0001) times higher among women with RLS symptoms. Significant associations
between RLS and hypertension did not materially change (OR=1.20; 95% CI 1.10-1.30),
after further adjustment for other potential covariates, such as BMI, BMI squared,
menopausal status, DASH score, smoking, race, use of analgesics, oral contraceptives,
alcohol, folate, and iron intake (a surrogate of iron deficiency). There was a significant
relationship between hypertension and RLS severity as measured by symptom frequency:
women suffering from RLS symptoms ≥15 times per month had higher odds of having
hypertension compared with the group with less frequent symptoms (Table 2). The
multivariate adjusted ORs for hypertension were 1.06 and 1.41 (95% CI: 0.94- 1.18 and
1.24- 1.61, P for trend < 0.0001) for women with RLS symptoms of 5-14 times/mo, and ≥15
times/mo, respectively, relative to those without RLS (Table 2). Subgroup analysis after
stratifying age, BMI, and menopausal status suggested higher odds of having hypertension
amongst women with RLS symptoms in all subgroups (Table 2). Women within the higher
BMI category (≥30 kg/m2) and with RLS symptoms ≥15 times/mo had higher odds of
having hypertension (OR 1.57, 95% CI: 1.28-1.93) compared to women with less frequent
RLS symptoms (OR 1.15, 95% CI: 0.96-1.37). Similarly, women who reported sleeping less
than 8 hours/day along with more frequent RLS symptoms had higher odds of having
hypertension (Table 2). Women with RLS symptoms ≥15 times/mo and who were sleeping
less than 6 hours/day had OR of 1.49 (95% CI: 1.19-1.87) for having hypertension compared
to women without RLS symptoms and who reported similar sleep duration. In contrast,
women with RLS symptoms ≥15 times/mo who reported sleeping 8 hours/day or more had
OR of 1.24 (95% CI: 0.96-1.60) compared to women without RLS symptoms and with
similar sleep duration. However, we did not find a significant interaction between the
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presence of RLS and age, obesity, menopause status, and sleep duration (P for interaction >
0.35 for all), in relation to likelihood of having hypertension (Table 2).

We conducted several sensitivity analyses and obtained similar significant results. Multiple-
adjusted ORs comparing women with RLS symptoms ≥15 times/month with those without
RLS were 1.41 (95% CI: 1.24, 1.61) after excluding participants with stroke or MI and 1.35
(95% CI: 1.15, 1.60) after excluding antidepressant users. Further adjustment for intake of
caffeine and iron, the Crown-Crisp phobic anxiety index, antidepressant use, sleep duration
and history of MI or stroke did not materially change the association between RLS and
HTN: adjusted OR comparing the women with RLS symptoms ≥15 times/month with those
without RLS was 1.31 (95% CI: 1.15, 1.50). We did another sensitivity analysis to exclude
the current antihypertensive users. The multiple-adjusted OR comparing women with RLS
symptoms ≥15 times/month with those without the symptoms were 1.84 (95%CI: 1.48,
2.27) after excluding the antihypertensive users.

We also observed a significant relationship between RLS severity, as assessed by frequency
of the symptoms, and blood pressure. The multivariate adjusted mean systolic blood
pressure was 130 mm Hg amongst the group with no RLS, 131 amongst the group with RLS
symptoms 5-14 times per month, and 133 mm Hg amongst the group with symptoms ≥15
times per month (p trend <0.0001) (Fig. 1A). The adjusted mean diastolic blood pressure
was 80, 81, and 82 mm Hg, respectively, across three RLS categories (P trend <0.0001)
(Fig. 1B).

Discussion
Our results demonstrate increased prevalence of hypertension among women with RLS
symptoms. The association was independent of age, BMI, smoking status, and presence of
stroke or myocardial infarction. Similar associations were observed in the subgroup
analyses. These findings are consistent with the previous literature suggesting a possible role
of RLS in the pathogenesis of hypertension924. In a survey including 4000 men selected
from the general population in central Sweden, participants with RLS symptoms were more
likely to report hypertension (OR 1.5, 95% CI 0.9-2.4), after adjusting for age, smoking, and
alcohol consumption 9. However, this study did not include women. Moreover, the study
failed to exclude RLS mimics such as peripheral neuropathy, and anxiety. Since patients
with RLS mimics meet all the essential diagnostic criteria, and do not actually have
RLS2526, it is extremely important to exclude these RLS mimics. Another cross sectional
study of 18,980 participants, found a significant association between RLS and hypertension
(OR 1.36, 95% CI 1.14-1.61)10, as did telephone survey which ascertained these two
diseases and found direct relation(p<0.05) 24.

A number of possible biological mechanisms could account for the increased risk of
hypertension in those with RLS. Roughly 80% of patients with RLS have periodic limb
movements (PLMS) during sleep27. PLMS are rhythmic extensions of the big toe and
dorsiflexion of the ankle, lasting 0.5-5 seconds, which occur up to 200-300 times per night.
Such leg movements are associated with sympathetically mediated elevations in both heart
rate and blood pressure, which may be responsible for the increased cardiovascular diseases
seen in patients with RLS28-30. It is postulated that these repetitive blood pressure elevations
at night lead to the development of daytime hypertension31. Electroencephalographic
arousals resulting from PLMS may represent another risk factor for hypertension in persons
affected by RLS. Interestingly, the arousals from sleep have also been shown to increase
blood pressure through elevated peripheral sympathetic tone32 even in individuals without
PLMS. Increased daytime pulse rate and blood pressure has also been shown to be
associated with higher arousal rate in individuals without PLMS33. It is therefore possible
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that arousals associated with RLS with or without PLMS are responsible for hypertension.
Moreover, the prevalence of PLMS in patients with grade III hypertension has been shown
to be twice as frequent as in patients with grades I and II hypertension together (36.4% vs.
13.0%, respectively; p <0.02)34. PLMS are also concomitantly identified in patients with
obstructive sleep apnea (OSA), an independent risk factor for hypertension35-38

In a large US sample, subjects with low sleep efficiency and average sleep duration of ≤ 5
hours per night were found to have increased risk of developing hypertension29.
Additionally, insufficient sleep may be responsible for increased risk of cardiovascular
disease as a result of increased blood pressure39. In the current study, when we adjusted for
sleep duration, the association between RLS and hypertension was attenuated but remained
significant, suggesting that RLS was not merely leading to hypertension through an effect on
sleep duration.

Our results represent an important addition to the literature because our sample size is
considerably greater than previously published studies, 910, 24 and we were able to control
rigorously for potential covariates and exclude patients in which misclassification is likely to
occur. We acknowledge a number of limitations. First, the cross sectional nature of the study
design prevent drawing conclusions about temporality or causality in the RLS-hypertension
association. RLS can lead to hypertension because of its effect on sleep quality and duration
or the coexisting PLMS. Alternatively hypertension can also cause RLS through vascular
changes or secondary to effects of medications used to treat hypertension7. However, we
obtained similar positive associations between RLS and hypertension when we excluded
participants who reported use of anti-hypertensive medicines. Residual confounding is
impossible to exclude because of observational nature of our study. Thus, conducting a
prospective study to clarify whether individuals with RLS have an increased risk of
developing hypertension is important in this context.

As discussed earlier, increased frequencies of patients with RLS have PLMS, which are also
identified in patients with obstructive sleep apnea, an independent risk factor for
hypertension. Although we controlled for snoring, a surrogate of OSA, residual confounding
is certainly possible. Similarly, chronic renal failure, another risk factor for both RLS and
hypertension 40 was not collected in our cohort. It remains possible that confounding by
renal failure played a role in our results although the effects would be modest due to the low
prevalence of chronic renal failure in the general populations. The status of iron deficiency;
yet another risk factor for RLS, was not available for our cohort. However, further adjusting
for the use of iron specific supplements, a surrogate for iron deficiency did not alter the
observed association between RLS and hypertension.

The differences in actual blood pressure levels in this study were small which raises the
concern about clinical relevance. However, Cook et al have suggested that a 2 mm Hg
reduction in diastolic blood pressure could result in 17% decrease in the prevalence of
hypertension as well as 6% and 15% reduction in the risk of coronary heart disease and
stroke respectively41. Furthermore, random error in our questionnaire-based ascertainment
of blood pressure could probably underestimate the association between RLS and blood
pressure.

Because of the demographic of the Nurses II cohort, our findings lack generalizability (e.g.
to men) and thus our conclusions are limited to the sample studied. Further, because the
findings of our study depend mainly on self-reports, our results may have differed if all of
our participants had undergone a rigorous neurological history and physical examination.
However, such assessments are impractical in a sample size >97,000. Moreover, random
misclassification of patients should bias towards the null hypothesis. Finally, RLS is by
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definition self-reported, yielding credibility to the diagnostic criteria used in the present
study. Our study lacks the information on RLS treatment; therefore it is unclear if the
association between RLS and hypertension would change after adequate treatment of RLS.
However, there are limited studies on long-term efficacy of RLS treatment, and studies have
reported under recognition and under treatment of RLS6, 42.

In conclusion, in this large-scale cross sectional study, we found that women with restless
legs syndrome had a higher risk of having hypertension than those without RLS,
independent of several known risk factors for hypertension. Future prospective studies are
needed to confirm this observation.

Perspectives
The prevalence of hypertension continues to rise despite increased awareness and improved
treatments. Therefore, there is an increasing need to better understand the potential risk
factors leading to hypertension. The current study used a large cohort of women to examine
the association between RLS and hypertension after adjusting for potential covariates. The
results show that the prevalence of hypertension is higher among women with RLS
symptoms. Moreover, there was a significant relationship between RLS severity, as
measured by symptom frequency, and hypertension.

Because of the cross sectional nature of this study, it is difficult to determine causality.
Therefore, future prospective studies are required to confirm these findings.
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Figure 1.
Mean systolic (Panel A) and diastolic (Panel B) blood Pressure (in mmHg), according to the
frequency of restless legs symptoms (no RLS, 5-14 times per month, ≥15 times per month).
Multivariable model was adjusted for age (years), Body mass index (BMI kg/m2), BMI
squared, race (Caucasians, African American, or Asians and other), smoking status (never
smoker, past smoker, or current smoker: cigarettes per day, 1-14 or >15), physical activity
(quantiles,), alcohol drinking (g/d: 0, 0.1-4.9, 5.0-9.9, 10-14.9, >15), menopause status
(premenopausal, no menstrual periods, or had menopause but now induced by hormones),
analgesic use (yes/no), oral contraceptive use (yes/no), total folate intake(quintiles)and
DASH score (quintile).
* P<0.01, Compared to No RLS
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Table1

Characteristics according to restless legs syndrome status in 2005 in the Nurses’ Health Study II*

Restless legs syndrome status in 2005

Baseline Characteristics No RLS RLS
5-14 times/mo

RLS
15+ times/mo

n 61321 2475 1748

Age, y 50.0 50.6 50.9

Current smokers, % 7.2 8.8 9.1

Past smokers, % 26.3 28.5 29.0

African Americans, % 1.2 0.4 0.7

Asian & other ethnicity, % 4.3 2.7 2.4

BMI, kg/m2 26.0 27.2 28.0

Physical activity, Mets/wk 24.3 21.2 20.0

Alcohol intake, g/d 5.9 5.5 5.2

Caffeine intake, mg/d 164 164 171

Iron intake, mg/d 19.8 19.6 19.2

Total folate intake, mcg/d 701 688 702

DASH Score 23.76 23.28 23.16

Pre-menopause, % 47.5 43.1 41.3

Current analgesic use, % 60.7 71.4 74.1

Current antidepressant use, % 17.0 28.0 34.9

Current oral contraceptive use, % 5.0 4.0 4.4

Current anti-hypertensive use % 20.2 25.6 31.2

History of stroke in or prior to
2005, % 0.8 1.1 1.3

History of myocardial infarction in
or prior to 2005, % 0.7 0.8 1.9

*
Values were standardized to the age distribution of the overall cohort.
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