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Abstract

Background

Data on the prevalence and correlates of restless legs syndrome (RLS) in people with HIV

are limited. This study sought to determine the prevalence of RLS, associated clinical corre-

lates, and characterize sleep-related differences in men with and without HIV.

Methods

Sleep-related data were collected in men who have sex with men participating in the Multi-

center AIDS Cohort Study (MACS). Demographic, health behaviors, HIV status, comorbidi-

ties, and serological data were obtained from the MACS visit coinciding with sleep

assessments. Participants completed questionnaires, home polysomnography, and wrist

actigraphy. RLS status was determined with the Cambridge-Hopkins RLS questionnaire.

RLS prevalence was compared in men with and without HIV. Multinomial logistic regression
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was used to examine correlates of RLS among all participants and men with HIV alone.

Sleep-related differences were examined in men with and without HIV by RLS status.

Results

The sample consisted of 942 men (56% HIV+; mean age 57 years; 69% white). The preva-

lence of definite RLS was comparable in men with and without HIV (9.1% vs 8.7%). In multi-

nomial regression, HIV status was not associated with RLS prevalence. However, white

race, anemia, depression, and antidepressant use were each independently associated

with RLS. HIV disease duration was also associated with RLS. Men with HIV and RLS

reported poorer sleep quality, greater sleepiness, and had worse objective sleep efficiency/

fragmentation than men without HIV/RLS.

Conclusions

The prevalence of RLS in men with and without HIV was similar. Screening for RLS may be

considered among people with HIV with insomnia and with long-standing disease.

Introduction

Restless legs syndrome (RLS) or Willis-Ekbom disease is a neurological disorder which inter-

feres with rest and sleep, leading to impaired daytime functioning and decreased quality of life

[1]. The cardinal symptoms consist of an irresistible urge to move the limbs, occurring after

periods of inactivity, worsening at night, that improve with moving the extremities [2]. Symp-

toms of RLS can prevent people from falling asleep [3]. In addition, up to 90% of people with

RLS may also experience periodic limb movements of sleep (PLMS), which are repetitive flex-

ion movements of the toe, ankle, and hip that can further fragment sleep [1, 4]. Among the US

general population, the prevalence of RLS ranges between 2.5–16.0% with a higher prevalence

in women, older adults, and those of northern European descent [5–7]. In addition, chronic

conditions such as iron deficiency anemia, type 2 diabetes, chronic kidney disease, and major

depression have been associated with RLS [8, 9].

Data are sparse about the prevalence or predictors of RLS in people living with human

immunodeficiency virus (HIV). To date, only three studies exist examining the prevalence of

RLS in people living with HIV (PLHIV) and have been equivocal regarding the independent

influence of HIV infection on RLS prevalence [10–12]. Use of clinic-based samples, varying

definitions of RLS, limited sample sizes, and lack of assessment of other medical comorbidities

(e.g., chronic kidney disease, diabetes) and lifestyle factors (e.g., illicit drug use) are likely con-

tributors to the incongruent findings across available studies [10–12]. Furthermore, there are

no data on objective sleep correlates of RLS symptoms in PLHIV derived either from actigra-

phy or polysomnography. Given that comorbid sleep disorders, such as sleep-disordered

breathing and habitually short sleep duration can worsen RLS symptoms, characterizing and

accounting for such disorders would allow for an assessment as to whether HIV infection is an

independent contributor [13, 14]. Thus, a more comprehensive understanding of the preva-

lence and determinants of RLS in PLHIV may help determine the burden of disease and

potentially customize future intervention studies.

To address such limitations, recently collected data on sleep in the Multicenter AIDS

Cohort Study (MACS) were leveraged along with the comprehensive battery of measures
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related to HIV, lifestyle, and medication use to define the prevalence and correlates of RLS in a

large, ethnically and racially diverse community-based sample. The aims of this study were to

determine the prevalence of RLS in men with and without HIV, examine if viral load, CD4

count, and HIV disease duration are associated with the prevalence and severity of RLS, and

assess the level of subjective and objective sleep-related impairment in men with HIV and RLS

compared to men without RLS.

Methods

Participants

The study sample consisted of 942 men with and without HIV participating in an ancillary sleep

protocol of the Multicenter Aids Cohort Study (MACS). Briefly, the MACS is a longitudinal cohort

study (1984–2019) of HIV, its treatment trajectories, and associated comorbidities in men who

have sex with men [15]. The cohort includes those with HIV and those at risk for HIV. Study par-

ticipants complete various psychosocial/behavioral questionnaires, and laboratory and physical

exam assessments every six months. The demographic, anthropometric, health behaviors, HIV sta-

tus/disease severity, medical comorbidities and medication variables used for this analysis come

from the parent study visits coinciding with the sleep assessments. Participants for the ancillary

sleep protocol were recruited from four US sites (Baltimore, Chicago, Pittsburgh, Los Angeles)

from April 2018 to September 2019. Study participants who agreed to participate were asked to

complete sleep questionnaires and objective sleep testing as described below. To be included in this

analysis, participants had to complete the sleep questionnaires, overnight polysomnography, and

actigraphy. Participants were excluded if the RLS questionnaire was not completed or the sleep

recordings were of poor quality that would have precluded sleep staging or scoring of disordered

breathing events. The Investigational Review Board at Johns Hopkins University approved the pro-

tocol (IRB00219740) and all participants signed a written informed consent prior to enrollment.

Subjective sleep measures

Symptoms of RLS were determined per the Cambridge-Hopkins restless legs syndrome ques-

tionnaire (CH-RLSq) [16]. This self-reported instrument queries not only for the diagnostic

criteria of RLS but also excludes its clinical mimickers. As per instructions of this instrument’s

developer, three RLS categories were generated by this questionnaire: definite RLS, no RLS, or

indeterminate. These CH-RLSq generated categories are used throughout the manuscript.

Items embedded in the questionnaires assess age at symptom onset, symptom frequency, and

distress level associated with disease. The CH-RLSq has been found to have a sensitivity and

specificity of 87% and 94%, respectively, for determining RLS from not RLS [16].

Global sleep quality was measured per the Pittsburgh sleep quality index (PSQI). Individual

items assess sleep onset latency, habitual sleep times, time in bed, and sleep duration. A global

PSQI score greater than five yields a diagnostic sensitivity of 89.6% and specificity of 86.5% in

distinguishing good and poor sleepers [17].

Daytime sleepiness was determined using the Epworth sleepiness scale (ESS) which consists

of eight items rated on a scale of 0–3 with higher scores indicating a greater propensity to fall

asleep in different situations [18]. An ESS score > 10 was considered a cut off value for exces-

sive daytime sleepiness.

Objective sleep assessments

A single night of home polysomnography was performed at the participant’s home with a type

II portable sleep monitor (Nox A1 PSG; Nox Medical, Reykjavik, Iceland). Sleep parameters
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were measured using the recommended criteria [19]. Apnea was defined as cessation of airflow

for at least 10 seconds. Hypopneas were defined as a 30% reduction in airflow for at least 10

seconds associated with either a 3% oxygen desaturation or arousal. Obstructive sleep apnea

(OSA) was diagnosed if the apnea-hypopnea index (AHI) was at least 5 events/hr of sleep. Peri-

odic limb movements were scored per standard criteria [3].

Rest-sleep patterns were assessed over seven consecutive days using actigraphy (Actiwatch

Spectrum, Philips Respironics, Murrysville, PA) worn on the dominant wrist. An actigraph is

a wristwatch-like device that records movement through an accelerometer and has a photodi-

ode for detecting light intensity exposure. Activity data were collected in 30-second epochs

and sleep-wake inferences were made using the Actiware automated scoring algorithm. The

wake threshold value (i.e., the number of activity counts used to define wake) was set to

medium sensitivity of 40.0 activity counts per epoch. Estimated sleep onset latency, total sleep

time, sleep efficiency, and fragmentation index were determined.

HIV status, health behaviors, and medical comorbidities

The following markers were used as surrogates of HIV disease or treatment. HIV status was

determined at study entry by a commercially available HIV test as per study protocol [15]. For

men with HIV, viral load (HIV RNA copies/ml), CD4 Tcell count/ml, CD4 Tcell count nadir,

and HIV disease duration were recorded. Undetectable viral load was defined as lab value of

less than 20 viral copies/ml. Antiretroviral (ART) treatment and cumulative exposure history

were obtained from interviewer administered assessments and historical data collected as part

of the biannual visits.

Several health behaviors, comorbid conditions, and medications that have been previously

reported to be associated with RLS symptoms were examined at visits coinciding with the

sleep ancillary study [9]. Smoking status and heavy alcohol consumption (> 14 drinks/week)

were based on self-report [20]. Similarly, daily use of marijuana/hash and illicit heroin/opiate

use since last visit was also assessed. Hypertension was determined per self-report or use of

antihypertensive medication. Type 2 diabetes was determined by fasting glucose� 126 mg/dl,

hemoglobin A1c� 6.5%, or use of hypoglycemic medications. Chronic kidney disease was

defined based on estimated glomerular filtration rate< 60 ml/min [21]. Anemia was diag-

nosed if the hemoglobin or erythropoietin value was below 5th percentile for age [22]. Current

depressive symptoms were per Center for Epidemiologic Studies Depression (CESD)

scale� 16 [23]. Finally, use of medications known to exacerbate (i.e., antidepressants) or ame-

liorate (i.e., sedatives/anxiolytic/tranquilizers) RLS symptoms was obtained from the biannual

visit.

Data analysis

Demographic and clinical characteristics were compared between men with and without HIV.

Student’s t-test was used for continuous variables and chi-square test was used for categorical

data. The unadjusted prevalence of RLS and characteristics were subsequently compared by

HIV status. To examine the independent association between HIV status and prevalent RLS or

indeterminate status, multivariable logistic regression models for RLS status were used to

adjust for potential confounders. Based on prior research [5, 7, 9], multinomial logistic regres-

sion models were constructed containing independent variables in the following domains:

sociodemographic (age, race), health behaviors (smoking status, excessive alcohol use, sub-

stance use status), and medical comorbidities (HIV, diabetes, hypertension, chronic kidney

disease, depressive symptoms). To determine whether HIV-related variables were associated

with RLS status, an additional multinomial model was constructed sequentially adjusting for
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age and other independent variables found to be significantly associated with RLS status in the

initial overall model. Histograms and frequency distributions of the dependent variables (e.g.,

definite RLS, no RLS, indeterminate) were constructed. Bivariate associations were examined

using scatter plots, tabular methods, and analysis of variance as appropriate for the types of

variables. Confounding was examined between our primary predictor (e.g., HIV status) and

our covariates using correlations for continuous data and cross-tabulations for categorical

data. To characterize sleep-related burden by HIV status, responses on sleep questionnaires

and objective measures were compared between men with and without RLS. Measures of

sleep-disordered breathing and periodic limb movements during sleep were compared among

the groups. Similarly, actigraphy-measures of sleep timing, fragmentation, and nocturnal

movements were also compared. Comparison statistics was per Student’s t-test for continuous

data while Chi-square test was used for categorical data. Post-hoc tests were performed with

Tukey’s test where significant differences between the four groups were detected. For all analy-

ses, p< 0.05 was defined as statistically significant. Statistical analyses were performed with

SPSS Statistics 25.0 (SPSS, Chicago, IL).

Results

Sample characteristics

The sample consisted of 942 middle-aged men (526 HIV positive, 416 HIV negative; 69%

white) recruited from four clinical sites (Table 1). Twenty percent of the sample were current

smokers, 7% met criteria for excessive alcohol use, and 11% reported daily use of marijuana or

hash. Comorbidities were prevalent with 22% having hypertension and 25% reporting depres-

sive symptoms. Laboratory-based criteria diagnoses of type 2 diabetes, chronic kidney disease,

and anemia were met for 16%, 16%, and 10% of the cohort, respectively. Among men with

HIV, the mean length of HIV infection was 27 ± 8 years with most using effective ART treat-

ment with undetectable HIV viral load (75%) and CD4 counts above 500 (74%). Compared to

men without HIV, men with HIV were significantly younger (54 ± 11 vs 60 ± 12 years,

p< 0.001), more likely to be of racial minority background (37% vs 23%, p< 0.001), and

more likely to be of Hispanic/Latino ethnicity (18% vs 7%, p< 0.001). Furthermore, men with

HIV were significantly more likely to be current smokers (24% vs 14%, p< 0.001) and meet

diagnostic criteria for anemia (13% vs 6%, p< 0.001) and chronic kidney disease (20% vs 12%,

p< 0.001) than men without HIV. No other demographic, comorbidity, or medication use

differences were noted between the groups.

Prevalence and correlates of RLS by HIV status

Fig 1 compares RLS prevalence by HIV status. The prevalence of “definite” RLS was similar

among men with HIV (n = 48; 9.1%) and men without HIV (n = 36; 8.7%). However, the prev-

alence for the “indeterminate” category was higher among men with HIV relative to men with-

out HIV (17.9% vs 12.0%, p = 0.039). Comparing RLS characteristics among those with

“definite RLS”, men with HIV had similar age at onset of symptoms (48 ± 14 vs 47 ± 16 years;

p = 0.79), levels of moderate to severe distress (63% vs 56%, p = 0.65), and frequency of RLS

symptoms than men without HIV. Specifically, among men with HIV, 40% reported symp-

toms once weekly or less often, 31% reported symptoms 2–3 days weekly, and 29% reported

symptoms 4 days or more weekly. A similar distribution of symptoms was observed among

men without HIV with 31% reporting symptoms once weekly or less frequently, 36% reporting

symptoms 2–3 times weekly, and 33% reporting symptoms at least 4 times weekly.

To determine if HIV was associated with “definite” or “indeterminate” RLS status after

adjusting for potential confounders, a multinomial logistic regression model was constructed.
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As shown in Table 2, HIV status was not associated with “indeterminate” or “definite” RLS in

these models. The only factor significantly associated with “indeterminate” RLS status was cur-

rent depressive symptoms (OR 1.68; 95% CI 1.07–2.65). In contrast, covariates significantly

associated with “definite” RLS included white race (OR 2.20; 95% CI 1.10–4.38), anemia (OR

2.22; 95% CI 1.03–4.79), current depressive symptoms (OR 1.82; 95% CI 1.05–3.15), and active

use of antidepressant medications (OR 2.03; 95% CI 1.13–3.64).

To examine whether HIV specific factors were associated with RLS status, a multinomial

model was constructed in only those with HIV, sequentially adjusting for age and the signifi-

cant covariates listed above. As shown in Table 3, none of the three characteristics examined

Table 1. Comparison of men with and without HIV by characteristics.

Characteristic All HIV + HIV - p-value

(n = 942) (n = 526) (n = 416)

Demographics
Age (yrs) 57 ± 12 54 ± 11 60 ± 12 <0.001

BMI (kg/m2) 27 ± 5 27 ± 5 28 ± 5 0.11

Race, n (%) <0.001

White 652 (69) 332 (63) 320 (77)

Black 270 (29) 182 (35) 88 (21)

Other 20 (2) 12 (2) 8 (2)

Hispanic ethnicity, n (%) 125 (13) 95 (18) 30 (7) <0.001

Recruitment site, n (%) 0.29

Baltimore 264 (28) 144 (27) 120 (29)

Chicago 199 (21) 123 (23) 76 (18)

Pittsburgh 230 (24) 123 (23) 107 (26)

Los Angeles 249 (26) 136 (26) 113 (27)

Health behaviors, n (%)
Current smoker 187 (20) 127 (24) 60 (14) <0.001

Excessive alcohol use 70 (7) 33 (6) 37 (9) 0.14

Daily marijuana 100 (11) 59 (11) 41 (10) 0.52

Heroin/Opiates 32 (3) 22 (4) 10 (2) 0.13

Comorbidities, n (%)
Anemia 95 (10) 71 (13) 24 (6) <0.001

Hypertension 204 (22) 98 (18) 106 (25) 0.01

Type 2 Diabetes 151 (16) 92 (17) 59 (14) 0.17

Chronic kidney disease 155 (16) 106 (20) 49 (12) 0.001

Depression 235 (25) 146 (28) 89 (21) 0.03

Medications, n (%)�

Anxiolytic/sedatives 180 (22) 98 (22) 82 (23) 0.87

Antidepressants 147 (18) 88 (20) 59 (16) 0.23

HIV variables
Disease duration (yrs) - 27 ± 8 -

CD4 nadir (pre-treatment) - 463 ± 244 -

CD4 count > 500, n (%) - 387 (74) -

Undetectable HIV viral load - 394 (75) -

ART treatment - 509 (97) -

Data presented as means ± SD or frequency (%). Group comparisons per Students t-test or Chi-square tests.

� The medication variable contained missing data with n = 802. BMI body mass index; ART, antiretroviral therapy.

https://doi.org/10.1371/journal.pone.0258139.t001
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(HIV duration, CD4 count> 500, or viral load suppression) was associated with “indetermi-

nate” RLS. In contrast, HIV disease duration was associated with “definite” RLS (OR 1.08; 95%

CI 1.01–1.16) in the fully adjusted model. To assess the potential effects of disease duration,

HIV disease duration and RLS prevalence were cross-tabulated. No cases of “definite RLS”

Fig 1. Unadjusted prevalence of RLS by HIV status. Data represent RLS status prevalence with error bars.

https://doi.org/10.1371/journal.pone.0258139.g001

Table 2. Adjusted odds ratio§ for RLS status in men with and without HIV.

Variables Indeterminate Definite

RLS (N = 117) RLS (N = 74)

Demographics
Age 0.99 0.97–1.01 1.00 0.98–1.03

White race (ref non-white) 1.45 0.88–2.41 2.20 1.10–4.38 �

Health behaviors
Current smoker 1.21 0.71–2.07 0.99 0.49–2.00

Alcohol abuse 1.47 0.73–2.94 1.16 0.46–2.90

Daily marijuana 1.23 0.65–2.32 1.38 0.62–3.05

Heroin/Opiates 0.72 0.20–2.56 2.75 0.97–7.79

Comorbidities
HIV 1.52 0.98–2.35 1.25 0.73–2.13

Anemia 1.10 0.53–2.27 2.22 1.03–4.79 �

Hypertension 1.36 0.84–2.21 1.71 0.98–3.00

Diabetes 1.11 0.65–1.90 1.11 0.58–2.10

Chronic kidney disease 0.93 0.54–1.61 0.80 0.41–1.57

Depression 1.68 1.07–2.65 � 1.82 1.05–3.15 �

Medications
Anxiolytic/sedatives 1.02 0.61–1.69 0.92 0.50–1.71

Antidepressants 1.07 0.62–1.84 2.03 1.13–3.64 �

§Based on multivariable multinomial logistic regression results (referenced to “no RLS”; n = 587).

� p < 0.05, �� p < 0.01.

https://doi.org/10.1371/journal.pone.0258139.t002
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were reported by men who had HIV< 20 years while similar prevalence of RLS was reported

by men with HIV between 20–30 years and> 30 years (10.1% vs 10.2%).

Sleep-related burden comparisons across HIV and RLS categories

On sleep questionnaires, men with HIV and RLS reported significantly worse overall sleep

quality than each of the three other groups (Table 4). In addition, they reported significantly

longer latency to sleep onset and time in bed than men without RLS. Finally, they were signifi-

cantly sleepier than HIV negative men without RLS when comparing the ESS as a continuous

variable (9.0 ± 4.6 vs 7.1 ± 4.4, p = 0.04) or at a pathologic cut off value exceeding 10 (17% vs

35%, p = 0.01). However, there were no differences in prevalence or severity of sleep disor-

dered breathing or oxygen nadir between the groups. Actigraphic data showed that men with

HIV and RLS had longer wake after sleep onset time (69 ± 30 mins vs 53 ± 26 mins, p = 0.001),

lower sleep efficiency (83 ± 7% vs 87 ± 6%, p< 0.001), and greater mean nocturnal movements

(22 ± 11 vs 16 ± 9, p < 0.001) than men without HIV and without RLS. The fragmentation

index of men with HIV and RLS was also significantly higher than that of HIV negative men

with or without RLS. Furthermore, men with HIV without RLS had significantly longer sleep

onset latency, greater wake after sleep onset time, and poor sleep efficiency than men without

HIV and without RLS.

Discussion

In this cross-sectional analysis of the sleep data collected in the MACS cohort, the prevalence

of RLS among men with HIV was similar to that of men without HIV. Both of these estimates

fall within the RLS prevalence estimates reported for the US general population (2.5–16.0%)

[1, 5, 7] and are consistent with that reported in other HIV cohorts. Employing validated ques-

tionnaire-based assessment of RLS, two prior studies have reported that the prevalence of RLS

was equivalent among PLHIV and those without HIV [11, 12]. In a multisite study from the

United Kingdom (N = 483; 88% White), Kunisaki et al reported the prevalence of multiple

sleep disorders including RLS in older and younger individuals with HIV [12]. Older people

with a median age of 60 years and HIV had a RLS prevalence of 15.5%, which was similar to

the prevalence reported in the older group (14.4%) without HIV. In contrast, young

Table 3. Multinomial models of HIV specific predictors of RLS status in men with HIV.

HIV variable Model A Model B Model C Model D

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Definite RLS (N = 47)

Disease duration (years) 1.05 1.01–1.10 � 1.05 0.99–1.12 1.06 1.00–1.13 � 1.08 1.02–1.16 �

CD4 count > 500 1.64 0.73–3.67 1.61 0.71–3.63 1.94 0.83–4.54 1.53 0.65–3.60

Undetectable viral load 1.70 0.33–3.95 1.61 0.69–3.78 1.59 0.67–3.77 1.75 0.69–4.45

Indeterminate RLS (N = 90)

Disease duration (yrs) 1.00 0.97–1.04 1.03 0.99–1.07 1.03 0.99–1.07 1.03 0.99–1.08

CD4 count > 500 0.76 0.45–1.28 0.69 0.41–1.19 0.70 0.43–1.20 0.64 0.36–1.15

Undetectable viral load 0.96 0.56–1.65 0.99 0.57–1.73 1.00 0.57–1.74 0.93 0.50–1.72

Multinomial logistic regression results (referenced to “no RLS”; n = 367).

Significance level is labeled as � p < 0.05, �� p < 0.01.

Model A: Unadjusted; Model B: demographics (age, race).

Model C: Model B + Comorbidities (anemia, depression).

Model D: Model C + medications (antidepressants).

https://doi.org/10.1371/journal.pone.0258139.t003
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participants with a median age of 46 years and HIV had a RLS prevalence of only 7.8%. Simi-

larly, a study conducted in United States with a more diverse sample (N = 316; 41% White)

also found that the prevalence of RLS was similar in people with and without HIV (11% vs 8%,

p = 0.80) [11]. In contrast, a single center study (N = 228) from Germany found that the preva-

lence of RLS was significantly higher in people without HIV (33% vs 7%, p< 0.001) [8]. The

differences across previous reports may represent differences in study sample characteristics

and the methodology used for assessing RLS. The data provided here adds to the existing

knowledge base about RLS in HIV by using a larger, multicenter, racially diverse cohort and

examining the association of pertinent objectively-verified comorbidities, health behaviors

and medications.

Although HIV status itself was not associated with RLS in adjusted analyses, several previ-

ously described demographic and medical comorbid associations were detected [1, 5, 9].

White men were twice as likely to fulfill RLS diagnostic criteria as men of minority back-

ground. These data are consistent with adjusted analyses of the Multi-Ethnic Study of Athero-

sclerosis where Black individuals had a lower likelihood (OR 0.56; 95% CI 0.32–0.96) of RLS

with periodic limb movements as Whites [24]. Prevalence of RLS is known to be higher

among individuals of Northern European background associated with genetic predisposition

Table 4. Comparison of sleep parameters by HIV and RLS status.

Characteristic No RLS and HIV- RLS and HIV- No RLS and HIV + RLS and HIV + p-value

(N = 330) (N = 36) (N = 384) (N = 48)

PSQI

Total score 6.0 ± 3.4 7.2 ± 3.3 6.8 ± 3.6 d 9.3 ± 4.6 a <0.001

SOL, mins 23 ± 35 33 ± 38 26 ± 27 42 ± 48 b,c 0.002

Sleep duration, hrs 6.7 ± 1.4 7.0 ± 1.1 6.7 ± 1.3 6.8 ± 2.4 0.66

Time in bed, hrs 7.7 ± 1.2 8.1 ± 1.3 7.7 ± 1.8 8.6 ± 2.7 b,c 0.002

Epworth sleepiness scale 7.1 ± 4.4 7.9 ± 3.9 7.3 ± 4.6 9.0 ± 4.6 c 0.04

Excessive sleepiness(%) (ESS >10) 17 31 22 35 0.01

Polysomnography
Total sleep time, mins 384 ± 84 384 ± 98 370 ± 88 354 ± 91 0.06

AHI (events/hr) 21 ± 18 22 ± 16 19 ± 16 22 ± 19 0.28

OSA diagnosis (%) 87 90 84 87 0.68

Oxygen nadir 83 ± 7 82 ± 7 83 ± 6 83 ± 8 0.86

PLMS index 5 ± 14 10 ± 16 5 ± 12 8 ± 15 0.07

Actigraphy
Sleep duration, mins 412 ± 70 432 ± 63 405 ± 78 409 ± 75 0.21

SOL, mins 10 ± 9 10 ± 8 13 ± 13 d 12 ± 9 0.009

WASO, mins 53 ± 26 58 ± 29 60 ± 29 d 69 ± 30 c 0.001

Sleep efficiency, (%) 87 ± 6 87 ± 6 85 ± 7 d 83 ± 7 c <0.001

Fragmentation index 24 ± 9 25 ± 9 26 ± 10 30 ± 10 b,c <0.001

Mean activity (count/min) 16 ± 9 18 ± 11 19 ± 11 d 22 ± 11 c <0.001

Data presented as means ± SD or frequency (%). Group comparisons per ANOVA or Chi-square tests. PSQI Pittsburgh sleep quality index; SOL, sleep onset latency;

WASO wake after sleep onset; AHI apnea-hypopnea index; OSA, obstructive sleep apnea; PLMS periodic limb movements in sleep.

Post-hoc significance levels are labeled as follows
ap<0.05 for comparison between HIV+/ RLS and each of the other groups
bp<0.05 for comparison between HIV+/RLS and HIV+/No RLS
cp<0.05 for comparison between HIV+/RLS and HIV-/No RLS
dp<0.05 for comparisons between HIV-/No RLS and HIV+/No RLS.

https://doi.org/10.1371/journal.pone.0258139.t004
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[7]. Anemia was also associated with RLS given the important role of iron as a cofactor for

tyrosine hydroxylase, which converts tyrosine to L-DOPA, a dopamine precursor [25]. Low

peripheral iron (serum ferritin) and central nervous system stores have been associated with

dopamine dysfunction and RLS severity [26–28]. Depression has been recognized to have a

bidirectional relationship with RLS and recent studies have suggested that sleep disruption

may partially mediate this association [29]. In a cross-sectional analysis of the Osteoporotic

Fractures of Older Men study, the association between RLS severity and depressive symptoms

was attenuated the most by adjusting for sleep efficiency. These data suggest that sleep onset

insomnia caused by the uncomfortable sensation or sleep fragmentation caused by nocturnal

periodic limb movements may precipitate depressive symptoms (e.g., fatigue, cognitive defi-

cits). Finally, several anti-depressants (e.g., mirtazapine, venlafaxine) have also been reported

to worsen or precipitate RLS by enhancing serotonergic transmission [30]. Thus, health care

providers should consider these RLS risk factors when assessing PLHIV with insomnia

symptoms.

A unique finding of the current study is that among men with HIV an association was

noted between HIV duration and RLS. This association was independent of age, a known pre-

dictor of RLS [1]. Interestingly, all RLS cases were detectable among men with HIV duration

of more than 20 years. Recently, age-related changes in the periodicity of PLMS have been

reported in individuals with RLS, stabilizing during middle age but increasing after the age of

60 [31]. Whether such age-related phenomena also occur in older people with HIV is currently

unknown but merits future study. Also, it is unclear if HIV-associated neurodegeneration in

CNS sensory-motor modulating areas linked to RLS symptomatology (e.g., basal ganglia, sub-

stantia nigra) may potentially explain this association [26–30, 32]. As HIV may remain latent

in microglia and macrophages, accelerated brain atrophy and active CNS inflammatory pro-

cesses have been reported even among individuals with undetectable HIV viral load [33, 34].

Thus, a longer duration of HIV may also be associated with a chronic CNS inflammation, CNS

iron deficiency, and loss of myelin integrity [27]. Recently, Hennessy et al described a higher

risk of RLS among people with HIV carrying alleles for proteins regulating iron transport

from glial cells and pro-inflammatory cytokine IL-17 [11]. In agreement with the data pre-

sented, some studies among people with HIV have failed to find associations between CD4

count, viral load count, ART therapy and RLS. However, Happe et al did report that CD4

count was inversely associated with RLS severity [10]. The men in MACS had been living with

HIV for much longer (27 ± 12 years) than individuals in other HIV-RLS studies (e.g., Hen-

nessy et al: 12 ± 7 years) [9]. Thus, there are numerous study specific differences which may

account for these disparate associations.

This study describes for the first time the objective sleep-related burden of RLS among men

with and without HIV. Men with HIV and RLS had greater sleep onset insomnia complaints,

showed poorer sleep quality, greater sleepiness, and fragmented sleep than men without HIV/

RLS. Unlike many other studies in RLS, our study sample included individuals with RLS and

other comorbid sleep disorders. Thus, some of the differences we detected between men with

HIV and men without HIV/RLS may not be due to RLS alone. For example, although men

with HIV and RLS and men without HIV/RLS had equivalent severity of OSA (i.e., AHI, oxy-

gen nadir), it is possible that this sleep disorder may account for some of the groups’ differ-

ences in levels of daytime sleepiness. A diagnosis of sleep apnea was very common across all

groups indicating that multiple sleep disorders may co-exist in people with HIV and that their

impact may be cumulative. For example, Kunisaki et al reported that among people with HIV,

as the number of sleep disorders increased, physical, mental, and sleep-related quality of life

scores worsened [12]. Furthermore, behavioral factors counterproductive to sleep consolida-

tion (i.e., spending excessive time in bed) were more common in men with HIV and RLS than

PLOS ONE RLS in men by HIV status

PLOS ONE | https://doi.org/10.1371/journal.pone.0258139 October 1, 2021 10 / 14

https://doi.org/10.1371/journal.pone.0258139


in men without RLS. This finding may seem unusual for individuals with RLS alone as laying

still in bed may activate RLS symptoms [1, 2]. However, many patients with RLS may develop

comorbid insomnia, dysfunctional sleep beliefs, and engage in deleterious behaviors mimick-

ing those of chronic insomnia sufferers (e.g., getting into bed earlier). By addressing behavioral

targets and sleep cognitions, cognitive behavioral therapy for insomnia has been shown to be

superior to sleep hygiene in improving insomnia, sleep quality, and sleep efficiency in people

with RLS and comorbid insomnia [35]. As insomnia disorder is the most common sleep prob-

lem reported, it is of clinical value to screen PLHIV for RLS [12, 36]. Although there were sev-

eral statistically significant differences in some sleep metrics detected between men without

RLS by HIV status, these were smaller and likely of little clinical significance. These data show

that sleep disorders are a prevalent comorbidity in HIV and represent treatment opportunities

to enhance quality of life in people with HIV.

Limitations

The current study has several important limitations. The diagnosis of RLS was established by

questionnaire and did not include a clinical assessment. Although the CH-RLSq instrument

we used to assess RLS is based on the diagnostic criteria, it does not provide accepted RLS diag-

nostic categories (i.e., indeterminate) [16]. However, these RLS categories were utilized for

comparative future studies utilizing this instrument. Another major limitation of the instru-

ment is that it does not provide an RLS severity measure akin to the international RLS study

group severity rating scale [37]. Thus, it is unclear from these data if the RLS severity of men

with HIV differs from that of men without HIV. Furthermore, our RLS prevalence may be

underestimated by the absence of women, who have a greater prevalence of the disorder [8].

Additionally, adjustment for others lifestyle factors (e.g., stress, physical activity), nutritional

deficiencies (e.g., vitamin B12), and medications (e.g., thyroxine, dopamine-blocking medica-

tions) which may impact RLS presentation was not possible [1, 8, 9]. Some association

reported with RLS, although not reaching statistical significance, did have wide confidence

intervals. Therefore, it is possible that other clinically important factors may be associated with

RLS in HIV, which this study was under powered to detect. Finally, the method by which par-

ticipants were included into the sleep ancillary protocol of the MACS may have introduced

some bias.

Conclusions

In conclusion, although the prevalence of RLS was not higher among men with HIV, it is an

important diagnosis to consider among people presenting with insomnia complaints and

among people with long-standing HIV. As sleep disorders are treatable and may often coexist,

familiarity with the cardinal RLS symptoms and its risk factors may enhance comprehensive

HIV care.
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