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Study Objectives: Periodic limb movements in sleep (PLMS) 
are common in the elderly. A previous large polysomnographic 
(PSG) study examining the relationship of PLMS to sleep 
architecture and arousals from sleep in women found that 
leg movements were common in elderly women, and PLMS 
which were associated with EEG arousals had a strong and 
consistent association with markers of disturbed sleep. Since 
sleep differs in men and women, we now investigate the 
association between PLMS and PSG indices of sleep quality in 
a large community-based sample of older men.
Design: Observational study, cross-sectional analyses.
Setting: Six clinical sites participating in the Osteoporotic 
Fractures in Men (MrOS) Study.
Participants: 2,872 older community-dwelling men (mean age 
76.4 years) who completed in-home PSG from 2003-2005.
Interventions: N/A.
Measurements and Results: In-home PSG was performed 
which included bilateral measurement of leg movements. The 
total number of leg movements per hour of sleep (PLMI) and the 
number of leg movements causing EEG-documented arousals 
per hour of sleep (PLMA) were computed. A PLMI ≥ 5 (70.8%) 
and PLMA ≥ 5 (27.4%) were both prevalent. Linear regression 
models were used to examine the relationship between PLMS 
as predictors and sleep architecture, arousal index, and sleep 

effi ciency as outcomes. The highest quintiles of PLMI (≥ 65.1) 
and PLMA (≥ 6.8) showed the largest association with indices 
of sleep architecture; PLMA showed a larger magnitude of 
effect. After multivariate adjustment, participants with a higher 
PLMA had a small but signifi cantly higher arousal index, lower 
sleep effi ciency, higher percentages of stages 1 and 2 sleep, 
and lower percentages of stage 3-4 and REM sleep (p < 0.01). 
An increased PLMI was similarly associated with a higher 
arousal index, higher percentage of stage 2 sleep, and lower 
percentage of stage 3-4 (p < 0.0001), but not with an increase 
in stage 1, REM sleep, or sleep effi ciency. Neither PLMI nor 
PMLA was associated with subjective sleepiness measured by 
the Epworth Sleepiness Scale.
Conclusions: This study demonstrated that periodic leg 
movements are very common in older community-dwelling 
men and regardless of associated arousals, are associated 
with evidence of lighter and more fragmented sleep.
Keywords: Periodic limb movements, sleep, men, geriatric, 
aging, sleep stage, sleep EEG arousals
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Periodic limb movements in sleep (PLMS) is a disorder 
characterized by repetitive stereotypical movements of 

the legs during sleep, and has often been associated with frag-
mented sleep, symptoms of insomnia and excessive daytime 
sleepiness.1 Defi ning PLMS based on a PLM index (PLMI = leg 
movements/hour of sleep) of 5 or greater, the largest published 
epidemiological study reported a 3.9% prevalence of PLMS 
in 18,980 subjects aged 15-100 from the general population.2

In community-dwelling younger adults, the prevalence has 
been estimated at 5% to 6%.3 This prevalence increases in 
the community-dwelling elderly, with estimates between 25% 
and 58%.4-8 The importance of PLMS has been highlighted by 
recent investigations supporting a relationship between PLMS, 
cardiovascular disease, and autonomic activation.9-11 Because of 
the high prevalence of PLMS in the elderly, it has been argued 
that PLMS may not be a risk factor for disease, but rather a 
marker of aging or other health attributes.
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PLMS and its relationship to sleep was previously reported 
in 455 community-dwelling elderly women in the Study of 

BRIEF SUMMARY
Current Knowledge/Study Rationale: The purpose of this study was to 
investigate the prevalence of periodic limb movements in a population-
based sample of older men, and assess whether polysomnographic out-
comes and clinical symptoms correlated with periodic limb movements. 
Prior work in elderly women reported detailed polysomnographic data, 
and showed that periodic limb movements were common and were as-
sociated with altered polysomnographic outcomes, but were not associ-
ated with changes in subjective sleepiness.
Study Impact: This study reports detailed polysomnographic data in a 
large population-based cohort of elderly men. Periodic limb movements 
were common. Periodic limb movements causing EEG arousals, and 
those not causing EEG arousals, were both associated with altered 
polysomnographic outcomes. Similar to previous reports, periodic limb 
movements were not associated with changes in subjective sleepiness.
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Osteoporotic Fractures (SOF).12 Results showed that in this 
cohort of older women, the prevalence of PLMI ≥ 5 was 66% 
and PLMI ≥ 15 was 52%. In SOF, when defining PLMS using 
a definition requiring associated arousal with each leg move-
ment (PLMA), the prevalence for PLMA ≥ 5 was 27% and 
for PLMA ≥ 15 was 6%. Compared to the PLMI, an elevated 
PLMA was more consistently associated with poor sleep, 
including lower sleep efficiency, higher arousal index, more 
time spent in stages 1 and 2, and less time in stage 3-4 and 
REM sleep. Although both the PLMI and PLMA have been 
used clinically, it is not clear which, if not both, of these 
measures may be most useful to identify those with disturbed 
sleep architecture, which may indicate a need for treatment. 
The clinical significance of PLMs on daytime function remains 
unknown, and the results in elderly women did not show an 
association with Epworth score.

The present study determined the prevalence of PLMS and 
their association with objective measures of sleep architecture 
in 2,872 older men participating in the Osteoporotic Fractures in 
Men Study (MrOS).13,14 The present study assessed: (1) whether 
increasing severity of PLMS was associated with objective 
evidence of poorer sleep and subjective daytime sleepiness; and 
(2) whether stronger associations were evident when PLMS 
were defined by leg movements associated with cortical EEG 
arousals (PLMA) as compared to indices that included periodic 
leg movements without cortical arousals (PLMI).

METHODS

Participants
From March 2000 through April 2002, 5,994 men who were 

at least 65 years of age were recruited for participation in the 
baseline examination of MrOS.14 Men were recruited from 
population based listings in 6 regions of the United States.13 
Men with a history of bilateral hip replacement and men who 
were unable to walk without the assistance of another person 
were excluded from the study. From December 2003 through 
March 2005, MrOS participants were invited to participate in 
an ancillary study to identify outcomes of sleep disorders in 
older men (MrOS Sleep Study). To participate in the MrOS 
Sleep Study, men had to agree to a comprehensive sleep assess-
ment that included validated sleep questionnaires, an in-clinic 
interview, a series of clinical measures, and a single overnight 
in-home PSG study. Of the 5,994 men enrolled in the overall 
study, 3,135 (> 100% of goal of 3,000) completed the MrOS 
Sleep examination. Of these, 2,872 men underwent PSG with 
PLMS measurement and are the subject of this analysis. The 
remaining 263 men were missing PSG data because the measure 
was not performed (n = 179), the collected data was unusable 
due to poor signal quality (n = 45), or the wake/sleep scoring 
was unreliable (n = 39).

The institutional review board (IRB) at each center approved 
the study protocol, and written informed consent was obtained 
from all subjects.

Polysomnography (PSG)
In-home sleep studies using unattended PSG (Safiro, 

Compumedics, Inc., Melbourne, AU) were performed. The 

PSG recordings were completed within 1 month of the clinic 
visit (mean 6.9 ± 15.8 days from visit), with 78% of record-
ings gathered within 1 week of the clinic visit. The recording 
montage consisted of C3/A2 and C4/A1 electroencephalograms, 
bilateral electroculograms, a bipolar submental electromyo-
gram, thoracic and abdominal respiratory inductance plethys-
mography, airflow (using nasal-oral thermocouple and nasal 
pressure cannula), finger pulse oximetry; lead I electrocardio-
gram, body position (mercury switch sensor), and bilateral 
leg movements (piezoelectric sensors). Centrally trained and 
certified staff members performed home visits for setup of the 
sleep study units. After sensors were placed and calibrated, 
signal quality and impedance were checked, and sensors 
were repositioned as needed to improve signal quality using 
approaches similar to those in the Sleep Health Heart Study.15 
Staff returned the next morning to collect the equipment and 
download the data to the Central Sleep Reading Center (Cleve-
land, OH) for centralized scoring by a trained technician 
using standard criteria.16,17

Polysomnography data quality were excellent, with a failure 
rate < 4%, and > 70% of studies graded as being of excellent 
or outstanding quality. Quality codes for signals and studies 
were graded using previously described approaches, which 
included coding the duration of artifact-free data per channel 
and overall study quality (reflecting the combination of grades 
for each channel).15

PLMS were scored according to standard AASM criteria at 
the time, in which individual movements were scored as a PLM 
if duration was between 0.5 and 5 sec and when there was a 
clear amplitude increase from baseline in leg channels.18 To be 
considered periodic, ≥ 4 movements needed to occur in succes-
sion no less and no more than 5 and 90 sec apart. The periodic 
limb movement index (PLMI) was the total number of periodic 
leg movements per hour of sleep. Leg movements occurring 
after respiratory events were excluded unless they were part of 
a 4 (or more) movement cluster with ≥ 2 movements occur-
ring independently of respiratory events. The periodic limb 
movement arousal index (PLMA) was the total number of peri-
odic leg movements per hour of sleep in which EEG arousal 
occurred within 3 sec of movement termination.12

PSG data, including sleep stage distributions, apnea and 
hypopneas and arousals, were scored by the centralized Case 
Western University Reading Center, using published criteria 
in effect at the time of the analysis.16,19 Arousals were scored 
according to AASM criteria; i.e., abrupt changes in EEG 
following ≥ 10-sec period of sleep, which in REM also required 
an increase in EMG activity.17

PSG Variables
The PLMI and PLMA were examined as quintiles. Sleep 

efficiency was defined as the time asleep divided by the sleep 
period time. Sleep stage distribution was characterized by the 
percent of total sleep time spent in each stage of sleep (i.e., % 
sleep stage 1, 2, 3-4, and REM). The Arousal Index (ArI) was 
calculated as the number of EEG arousals per hour of sleep. 
The apnea-hypopnea index (AHI) was calculated as the sum of 
all apneas and hypopneas that were each associated with ≥ 3% 
desaturation divided by total sleep time and was examined 
continuously and using the cutpoints of ≥ 5 and ≥ 15.
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Other Measurements

Self-reported information about daytime sleepiness was 
assessed using the Epworth Sleepiness Scale (ESS).20 The 
standard cutpoint of ESS > 10 was used to define excessive 
daytime sleepiness.21

Participants also completed questionnaires regarding demo-
graphics, medical history, physical activity, and alcohol use. 
History of cardiovascular disease was defined as self-report 
of physician diagnosis of myocardial infarction, angina, or 
congestive heart failure, or self-report of coronary bypass 
surgery, angioplasty, or pacemaker implant. History of chronic 
obstructive pulmonary disease (COPD) was defined as self-
reported physician diagnosis of COPD, chronic bronchitis, 
asthma, or emphysema.

Cognitive function was assessed with the Modified Mini-
Mental State examination (MMSE) with higher scores repre-
senting better cognitive functioning.22 The Physical Activity 
Scale for the Elderly (PASE) measured level of physical activity, 
with higher scores representing greater physical activity.23 To 
assess function, subjects were asked whether they had diffi-
culty performing any of 5 instrumental activities of daily 
living (IADL), which included walking 2-3 blocks, climbing 
10 steps, preparing meals, performing heavy housework, and 
shopping.24,25 The Geriatric Depression Scale (GDS) was used 
to assess depressive symptoms, with higher scores representing 
more depressive symptoms.26 Prescription and nonprescription 
medications were inventoried, verified by pill bottle examina-
tion, and matched to ingredient(s) using the Iowa Drug Infor-
mation Service (IDIS) Drug Vocabulary (College of Pharmacy, 
University of Iowa, Iowa City, IA).27

During the home or clinic visits, body weight was measured 
with a standard balance beam or digital scale and height with a 
wall-mounted Harpenden stadiometer (Holtain, England); these 
measurements were used to determine body mass index (BMI), 
calculated as weight (kilograms)/height (meters2).

Statistical Analysis
Participant characteristics and sleep outcomes were 

summarized using means and standard deviations (SD) for 
continuous data and counts and percentages for categorical 
data. Participant characteristics were examined to determine 
if there was a significant difference between the 2,872 men 
in our analysis and those 263 who did not have PLMS data 
gathered. Participant characteristics and sleep parameter 
differences across the PLMI and PLMA quintiles were also 
examined using ANOVA for normally distributed continuous 
data, Kruskal-Wallis tests for skewed continuous data, and χ2 
tests for categorical data.

Linear regression models were used to examine the relation-
ships between the PLMS predictors and the continuous outcomes 
of sleep architecture, the arousal index, and sleep efficiency. 
Though the distributions of stage 1, stage 3-4, the arousal index, 
and sleep efficiency were skewed, nonparametric (bootstrap) 
analysis on the original (untransformed) scale showed virtually 
the same results as the normality-based analyses on the original 
scale. Since those levels of skewness had virtually no impact, 
the outcomes were not transformed and were analyzed on the 
original scale. Adjusted means and 95% confidence intervals 
(CI) for the PLMI and PLMA quintiles were calculated using 

the least-squares means procedure. Covariates were included 
in the models if they were related to either the PLMI or PLMA 
predictors at p < 0.10 in univariate analyses. All models were 
adjusted for age, race, site, PASE score, IADL impairment, 
GDS score, history of cardiovascular disease, history of hyper-
tension, antidepressant medication use, and AHI. To determine 
whether the associations between PLMS predictors and sleep 
outcomes were driven by men with obstructive sleep apnea, the 
models were re-run in the subset of men with AHI < 15.

Statistical analyses were completed using SAS version 9.1.3 
(SAS Inc., Cary, NC) and Stata version 12.0 (Stata Corporation, 
College Station, TX).

RESULTS

Participants
The mean age of the 2,872 men included in this analysis was 

76.4 years; over 90% were Caucasian; and half were hyperten-
sive (Table 1). There were no differences between the 2,872 men 
with PLMS data and the 263 without PLMS data, except that a 
higher percentage of the men with PLMS data were Caucasian 
(90.7% vs. 80.6%, p < 0.0001), their mean (± SD) MMSE score 
was higher (92.7 ± 6.2 vs. 91.5 ± 8.3, p = 0.02), and their mean 
GDS score was lower (1.8 ± 2.2 vs. 2.2 ± 2.5, p = 0.008) (data 
not shown).

Distribution of PLMI and Association with Sleep 
Measures

2,034 participants (70.8%) had PLMI ≥ 5.323 (11.3%) had 
PLMI of 5 to < 15, and 1,711 (59.6%) had PLMI ≥ 15. Mean 
PLMI was 35.6 ± 37.5, with a median of 23.9 (interquartile range 
3.3-56.1). Characteristics of the participants by quintiles of PLMI 
are presented in Table 1. Men in the higher PLMI quintiles were 
older on average and more likely to be Caucasian than men in the 
lower quintiles (p < 0.0001). These men were more likely to have 
an IADL impairment (p < 0.0001), and, on average, had more 
depressive symptoms (p = 0.04). A higher percentage of the men 
with elevated PLMI reported cardiovascular disease (p = 0.002), 
but there was no association with renal disease.

In unadjusted analyses, PLMI was significantly, although 
only modestly, associated with percentage time spent in stage 2, 
stage 3-4, REM, arousal index, and sleep efficiency (Table 2). 
Higher PLMI was associated with more time in stage 2 sleep 
(p < 0.0001), less time in stage 3-4 sleep (p < 0.0001), less time 
in REM sleep (p = 0.005), lower sleep efficiency (p = 0.006), 
and higher ArI (p < 0.0001). Differences in sleep architecture 
indices were largest when comparing men in the highest PLMI 
quintile (≥ 65.1) to men with PLMI quintiles of 1 to 4, This 
comparison showed that those with a PLMI in the highest 
quintile spent a greater percentage of time in stage 2 sleep 
(unadjusted mean ± SD 64.7% ± 9.8% vs. 62.2% ± 9.6%), 
less time in stage 3-4 sleep (10.1% ± 8.7% vs. 11.5% ± 9.1%) 
and REM sleep (18.3% ± 6.9% vs. 19.4% ± 6.6%), had higher 
ArI (25.8 ± 13.1 vs. 23.1 ± 11.3), and lower sleep efficiency 
(74.4% ± 13.1% vs. 76.5% ± 11.7%) (all p < 0.004). These 
differences were statistically significant, but small in magni-
tude. There was no significant association between PLMI and 
stage 1 or ESS score.
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Multivariable analyses were performed to determine if the 
unadjusted associations remained after adjustment for age, race, 
site, physical activity score, IADL impairment, GDS score, 
history of cardiovascular disease, history of hypertension, 
antidepressant medication use, and AHI (Table 3). Adjusted 
linear regression analyses showed that higher PLMI continued 
to be significantly associated with many sleep outcomes, 

including more time spent in stage 2 sleep (p-trend < 0.0001), 
decreased stage 3-4 sleep (p-trend < 0.0001), and higher ArI 
(p-trend < 0.0001). Multivariate analyses were repeated in the 
subset with AHI < 15 (n = 1,620) and confirmed these results. 
Comparison of the highest quintile of PLMI to quintiles 1-4 by 
multivariate analyses showed virtually the same results as the 
unadjusted analyses. Quintile comparison in the subset with 

Table 1—Characteristics by PLMI quintile
Overall

(N = 2,872)
Quintile 1
(N = 574)

Quintile 2
(N = 574)

Quintile 3
(N = 575)

Quintile 4
(N = 574)

Quintile 5
(N = 575) p value

Age (years), mean ± SD 76.4 ± 5.5 75.8 ± 5.1 75.5 ± 5.4 76.3 ± 5.5 76.8 ± 5.6 77.6 ± 5.8 < 0.0001
Caucasian, N (%) 2,604 (90.7) 494 (86.1) 502 (87.5) 523 (91.0) 543 (94.6) 542 (94.3) < 0.0001
Body mass index (kg/m2), mean ± SD 27.2 ± 3.8 27.2 ± 3.9 27.0 ± 3.9 27.3 ± 3.9 27.1 ± 3.7 27.3 ± 3.6 0.75
At least some college, N (%) 2,254 (78.5) 443 (77.2) 454 (79.1) 449 (78.1) 464 (80.8) 444 (77.2) 0.53
MMSE (range 0-100), mean ± SD 92.7 ± 6.2 92.9 ± 5.7 92.6 ± 6.5 93.1 ± 5.9 92.9 ± 5.5 92.2 ± 7.2 0.12
PASE score, mean ± SD 145.7 ± 71.3 150.6 ± 74.2 147.2 ± 75.0 140.3 ± 68.5 147.8 ± 65.8 142.6 ± 72.3 0.10
IADL impairment, N (%) 600 (20.9) 116 (20.2) 100 (17.4) 100 (17.4) 125 (21.8) 159 (27.7) < 0.0001
GDS score (range 0-15), mean ± SD 1.8 ± 2.2 1.7 ± 2.1 1.7 ± 2.3 1.6 ± 2.0 1.8 ± 2.1 1.9 ± 2.3 0.04
Alcohol use (drinks/week), mean ± SD 3.4 ± 4.2 3.4 ± 4.2 3.5 ± 4.2 3.2 ± 4.1 3.5 ± 4.4 3.3 ± 4.2 0.37
Use of antidepressant medication, N (%) 222 (7.7) 34 (5.9) 45 (7.8) 44 (7.7) 52 (9.1) 47 (8.2) 0.38
Use of SSRIs, N (%) 123 (4.3) 16 (2.8) 23 (4.0) 26 (4.5) 29 (5.1) 29 (5.0) 0.29
Use of benzodiazepines, N (%) 130 (4.5) 22 (3.8) 31 (5.4) 23 (4.0) 27 (4.7) 27 (4.7) 0.72
History of cardiovascular disease, N (%)* 953 (33.2) 167 (29.3) 172 (30.1) 183 (31.9) 209 (36.5) 222 (38.6) 0.002
History of COPD, N (%)† 390 (13.6) 62 (10.8) 77 (13.4) 84 (14.6) 82 (14.3) 85 (14.8) 0.27
History of diabetes, N (%) 380 (13.2) 64 (11.2) 68 (11.9) 84 (14.6) 80 (13.9) 84 (14.6) 0.26
History of hypertension, N (%) 1,439 (50.1) 256 (44.7) 293 (51.1) 292 (50.8) 306 (53.3) 292 (50.8) 0.05
History of kidney disease, N (%) 30 (1.0) 8 (1.4) 7 (1.2) 8 (1.4) 2 (0.4) 5 (0.9) 0.36

PLMI quintile cutoff points were as follows: quintile 1, < 1.7; quintile 2, 1.7-14.7; quintile 3, 14.7-35.3; quintile 4, 35.3-65.1, quintile 5, ≥ 65.1. p values are 
from ANOVA for normally distributed continuous variables and Kruskal-Wallis for skewed continuous variables. p values for categorical data are from a χ2 
test for homogeneity. *Cardiovascular disease is defined as self-report of physician diagnosis of myocardial infarction, angina, or congestive heart failure, 
or self-report of coronary bypass surgery or angioplasty or pacemaker implant. †History of COPD is defined as self-report of physician diagnosis of chronic 
obstructive pulmonary disease, chronic bronchitis, asthma, or emphysema. COPD, chronic obstructive pulmonary disease; GDS, Geriatric Depression Scale; 
IADL, instrumental activities of daily living; MMSE, Mini-Mental State Examination; PASE, Physical Activity Scale for the Elderly; PLMI, periodic leg movement 
index; SSRI, selective serotonin reuptake inhibitor.

Table 2—Sleep characteristics by PLMI quintile
Overall

(N = 2,872)
Quintile 1
(N = 574)

Quintile 2
(N = 574)

Quintile 3
(N = 575)

Quintile 4
(N = 574)

Quintile 5
(N = 575) p value

Epworth Sleepiness Scale Score 
(range 0-24), mean ± SD

6.2 ± 3.7 6.1 ± 3.7 6.4 ± 3.7 6.1 ± 3.8 6.2 ± 3.6 6.1 ± 3.7 0.67

ESS > 10, N (%) 377 (13.1) 69 (12.0) 78 (13.6) 79 (13.7) 74 (12.9) 77 (13.4) 0.91
Time in bed (hours), mean ± SD 8.1 ± 1.3 8.1 ± 1.3 8.2 ± 1.3 8.2 ± 1.2 8.1 ± 1.2 7.9 ± 1.3 0.001
Total sleep time (hours), mean ± SD 5.9 ± 1.2 5.9 ± 1.2 6.1 ± 1.1 6.1 ± 1.0 5.9 ± 1.2 5.6 ± 1.3 < 0.0001
Apnea-hypopnea index, mean ± SD 17.1 ± 15.1 18.4 ± 15.9 17.0 ± 14.8 16.9 ± 14.9 17.0 ± 14.7 16.2 ± 15.2 0.07

AHI ≥ 5, N (%) 2,264 (78.8) 465 (81.0) 448 (78.1) 455 (79.1) 455 (79.3) 441 (76.7) 0.48
AHI ≥ 15, N (%) 1,252 (43.6) 272 (47.4) 251 (43.7) 252 (43.8) 256 (44.6) 221 (38.4) 0.04

% time in stage 1 sleep, mean ± SD 6.8 ± 4.3 6.8 ± 4.6 6.8 ± 4.2 6.6 ± 3.8 7.0 ± 4.3 7.0 ± 4.7 0.72
% time in stage 2 sleep, mean ± SD 62.7 ± 9.7 61.7 ± 9.9 61.7 ± 9.3 62.5 ± 9.7 63.0 ± 9.4 64.7 ± 9.8 < 0.0001
% time in stage 3-4 sleep, mean ± SD 11.2 ± 9.0 11.9 ± 9.4 12.3 ± 9.0 11.4 ± 8.9 10.5 ± 8.8 10.1 ± 8.7 < 0.0001
% time in REM sleep, mean ± SD 19.2 ± 6.7 19.5 ± 6.7 19.2 ± 6.3 19.5 ± 6.7 19.5 ± 6.6 18.3 ± 6.9 0.005
Arousal index, mean ± SD 23.6 ± 11.7 21.8 ± 11.0 22.9 ± 10.4 23.1 ± 10.7 24.7 ± 12.8 25.8 ± 13.1 < 0.0001
Sleep efficiency (%), mean ± SD 76.1 ± 12.0 75.7 ± 12.0 77.0 ± 11.3 77.2 ± 11.1 76.0 ± 12.4 74.4 ± 13.1 0.006

PLMI quintile cutoff points were as follows: quintile 1, < 1.7; quintile 2, 1.7-14.7; quintile 3, 14.7-35.3; quintile 4, 35.3-65.1, quintile 5, ≥ 65.1. p values are from 
ANOVA for normally distributed continuous variables and Kruskal-Wallis for skewed continuous variables. p values for categorical data are from a χ2 test for 
homogeneity. AHI, apnea-hypopnea index; ESS, Epworth Sleepiness Scale; PLMI, periodic leg movement index.



1113 Journal of Clinical Sleep Medicine, Vol. 9, No. 11, 2013

PLMS Reduces Sleep Quality in Older Men: MrOS

AHI < 15, confirmed results for stages 2, 3-4, and ArI, and were 
also statistically significant for REM and sleep efficiency.

Distribution of PLMA and Association with Sleep 
Measures

Seven hundred eighty-eight participants (27.4%) had 
PLMA ≥ 5; 623 (21.7%) had PLMA 5 to < 15; and 165 (5.8%) 
had PLMA ≥ 15. Mean PLMA was 4.1 ± 5.7, with a median 
of 1.8 (interquartile range 0.3-5.5). The Spearman correlation 

between PLMI and PLMA was 0.86 (p < 0.0001). Charac-
teristics of the participants by quintiles of PLMA are shown 
in Table 4. Men in the higher PLMA quintiles were older on 
average and more likely to be Caucasian than men in the lower 
quintiles (p < 0.0001). A higher percentage of the men with 
elevated PLMA reported cardiovascular disease (p = 0.01) and 
were more likely to be taking SSRI medication (p = 0.03), but 
there were no differences between the PLMA quintiles for other 
comorbidities, including history of renal disease.

Table 4—Characteristics by PLMA quintile
Overall

(N = 2,872)
Quintile 1
(N = 573)

Quintile 2
(N = 575)

Quintile 3
(N = 574)

Quintile 4
(N = 575)

Quintile 5
(N = 575) p value

Age (years), mean ± SD 76.4 ± 5.5 75.8 ± 5.1 75.6 ± 5.4 76.2 ± 5.5 76.5 ± 5.6 77.8 ± 5.8 < 0.0001
Caucasian, N (%) 2,604 (90.7) 493 (86.0) 500 (87.0) 521 (90.8) 539 (93.7) 551 (95.8) < 0.0001
Body mass index (kg/m2), mean ± SD 27.2 ± 3.8 27.0 ± 3.9 27.3 ± 3.9 27.1 ± 3.6 27.1 ± 3.8 27.3 ± 3.8 0.54
At least some college, N (%) 2,254 (78.5) 443 (77.3) 458 (80.0) 455 (79.3) 453 (78.8) 445 (77.4) 0.81
MMSE (range 0-100), mean ± SD 92.7 ± 6.2 93.0 ± 5.6 92.8 ± 6.3 92.7 ± 6.3 92.8 ± 5.7 92.4 ± 6.9 0.44
PASE score, mean ± SD 145.7 ± 71.3 146.7 ± 70.2 147.9 ± 77.4 142.4 ± 70.9 149.4 ± 70.0 142.0 ± 67.6 0.29
IADL impairment, N (%) 600 (20.9) 111 (19.4) 117 (20.4) 109 (19.0) 122 (21.2) 141 (24.5) 0.15
GDS score (range 0-15), mean ± SD 1.8 ± 2.2 1.7 ± 2.1 1.7 ± 2.2 1.8 ± 2.1 1.8 ± 2.3 1.8 ± 2.0 0.40
Alcohol use (drinks/week), mean ± SD 3.4 ± 4.2 3.4 ± 4.2 3.4 ± 4.1 3.3 ± 4.3 3.5 ± 4.2 3.5 ± 4.3 0.95
Use of antidepressant medication, N (%) 222 (7.7) 31 (5.4) 49 (8.5) 54 (9.4) 48 (8.4) 40 (7.0) 0.10
Use of SSRIs, N (%) 123 (4.3) 12 (2.1) 32 (5.6) 29 (5.1) 28 (4.9) 22 (3.8) 0.03
Use of benzodiazepines, N (%) 130 (4.5) 24 (4.2) 34 (5.9) 27 (4.7) 28 (4.9) 17 (3.0) 0.19
History of cardiovascular disease, N (%)* 953 (33.3) 168 (29.4) 179 (31.2) 182 (31.8) 206 (35.8) 218 (38.0) 0.01
History of COPD, N (%)† 390 (13.6) 72 (12.6) 79 (13.7) 81 (14.1) 77 (13.4) 81 (14.1) 0.94
History of diabetes, N (%) 380 (13.2) 64 (11.2) 75 (13.0) 80 (13.9) 73 (12.7) 88 (15.3) 0.33
History of hypertension, N (%) 1,439 (50.1) 263 (46.0) 296 (51.5) 284 (49.5) 308 (53.6) 288 (50.1) 0.13
History of kidney disease, N (%) 30 (1.0) 8 (1.4) 8 (1.4) 6 (1.1) 5 (0.9) 3 (0.5) 0.55

PLMA quintile cutoff points were as follows: quintile 1, < 0.1; quintile 2, 0.1-1.0; quintile 3, 1.0-3.0; quintile 4, 3.0-6.8, quintile 5, ≥ 6.8. p values are from 
ANOVA for normally distributed continuous variables and Kruskal-Wallis for skewed continuous variables. p values for categorical data are from a χ2 test 
from homogeneity. *Cardiovascular disease is defined as self-report of physician diagnosis of myocardial infarction, angina, or congestive heart failure, or 
self-report of coronary bypass surgery or angioplasty or pacemaker implant. †History of COPD is defined as self-report of physician diagnosis of chronic 
obstructive pulmonary disease, chronic bronchitis, asthma, or emphysema. COPD, chronic obstructive pulmonary disease; GDS, Geriatric Depression 
Scale; IADL, instrumental activities of daily living; MMSE, Mini-Mental State Examination; PASE, Physical Activity Scale for the Elderly; PLMA, periodic leg 
movement causing EEG arousals index; SSRI, selective serotonin reuptake inhibitor.

Table 3—Sleep architecture and arousal index by quintile of PLMI and PLMA*
 % Stage 1 % Stage 2 % Stage 3-4 % REM Arousal Index Sleep Efficiency
PLMI quintiles

1 (< 1.7) 6.7 (6.3, 7.0) 61.6 (60.8, 62.3) 12.2 (11.5, 13.0) 19.5 (19.0, 20.0) 21.2 (20.4, 22.1) 75.8 (74.8, 76.7)
2 (1.7-14.7) 6.9 (6.6, 7.2) 61.8 (61.0, 62.6) 12.3 (11.6, 13.0) 19.0 (18.5, 19.5) 23.1 (22.3, 23.9) 76.7 (75.7, 77.6)
3 (14.7-35.3) 6.6 (6.3, 6.9) 62.7 (61.9, 63.4) 11.3 (10.6, 12.0) 19.4 (18.9, 19.9) 23.1 (22.3, 23.9) 77.2 (76.2, 78.1)
4 (35.3-65.1) 7.0 (6.6, 7.3) 62.9 (62.1, 63.7) 10.4 (9.7, 11.2) 19.7 (19.1, 20.2) 24.5 (23.7, 25.3) 76.1 (75.1, 77.0)
5 (≥ 65.1) 6.9 (6.6, 7.3) 64.6 (63.9, 65.4) 9.9 (9.2, 10.6) 18.5 (18.0, 19.0) 26.0 (25.2, 26.8) 74.8 (73.9, 75.8)
p for trend 0.28 < 0.0001 < 0.0001 0.10 < 0.0001 0.10

PLMA quintiles 
1 (< 0.1) 6.5 (6.2, 6.9) 61.6 (60.9, 62.4) 12.3 (11.6, 13.0) 19.6 (19.0, 20.1) 20.5 (19.8, 21.3) 76.2 (75.3, 77.2)
2 (0.1-1.0) 6.9 (6.5, 7.2) 61.8 (61.0, 62.5) 11.7 (11.0, 12.5) 19.6 (19.1, 20.1) 20.4 (19.7, 21.2) 76.9 (76.0, 77.9)
3 (1.0-3.0) 6.6 (6.3, 7.0) 62.4 (61.6, 63.2) 11.3 (10.5, 12.0) 19.7 (19.2, 20.2) 21.0 (20.3, 21.7) 77.6 (76.7, 78.6)
4 (3.0-6.8) 6.7 (6.3, 7.0) 62.5 (61.7, 63.3) 11.6 (10.9, 12.3) 19.2 (18.7, 19.7) 23.4 (22.6, 24.1) 76.4 (75.5, 77.4)
5 (≥ 6.8) 7.4 (7.1, 7.8) 65.2 (64.5, 66.0) 9.3 (8.5, 10.0) 18.1 (17.5, 18.6) 32.7 (32.0, 33.4) 73.3 (72.3, 74.2)
p for trend 0.005 < 0.0001 < 0.0001 0.0001 < 0.0001 0.0001

*Data are adjusted mean (95% CI). Means are adjusted for age, race, site, PASE score, IADL impairment, GDS score, history of cardiovascular disease, 
history of hypertension, antidepressant medication use, and apnea-hypopnea index. GDS, Geriatric Depression Scale; IADL, instrumental activities of daily 
living; PASE, Physical Activity Scale for the Elderly; PLMA, periodic leg movement causing EEG arousals index; PLMI, periodic leg movement index.
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In unadjusted analyses, participants with a higher PLMA had, 
on average, a shorter sleep duration, spent greater percentage 
time in stage 1 and stage 2 sleep and less percentage time in 
stage 3-4 and REM sleep, had a higher ArI, and had lower 
sleep efficiency (all p < 0.0001) (Table 5). Similar to the 
analysis of PLMI, these associations were driven by men with 
the highest PLMA quintile (≥ 6.8). Compared to men in quin-
tiles 1-4 of PLMA, men in the highest quintile spent a greater 
percentage of time in Stage 1 sleep (unadjusted mean ± SD 
7.7% ± 5.1% vs. 6.6% ± 4.1%), more time in stage 2 sleep 
(65.6% ± 9.5% vs. 62.0% ± 9.6%), less time in stage 3-4 sleep 
(9.1% ± 8.1% vs. 11.8% ± 9.1%) and REM sleep (17.6% ± 6.9% 
vs. 19.6% ± 6.6%), had higher ArI (33.8 ± 13.0 vs. 21.1 ± 9.9), 
and lower sleep efficiency (72.5% ± 13.4% vs. 77.0% ± 11.5%) 
(all p < 0.0001). Participants with a higher PLMA also had a 
higher AHI (p = 0.003). There was no significant associa-
tion between PLMA and ESS score. The relationship between 
PLMA and sleep stage distribution, the arousal index, and sleep 
efficiency remained significant after multivariate adjustment 
(all p ≤ 0.005) (Table 3). Comparison of the highest quintile of 
PLMA to quintiles 1-4 by multivariate analyses showed virtually 
the same results as the unadjusted analysis. Multivariate anal-
yses and quintile comparison were repeated in the cohort subset 
with AHI < 15 (n = 1,620) which confirmed both analyses.

DISCUSSION

The results of this study in 2,872 subjects demonstrate that 
periodic limb movements in sleep are common in elderly men. 
Overall, we found a strikingly high prevalence of PLMS when 
using a PLMI threshold of 5 (71%) or 15 (60%). When using 
a PLMA threshold of 5 (27%) or 15 (6%) as a disease-defining 
metric, PLMS was common but less prevalent. Importantly, 
both metrics were associated with poorer sleep outcomes after 
multivariate adjustment for various possible confounders. 

A higher PLMA was consistently associated with more frequent 
arousals, lower sleep efficiency, and a pattern of altered sleep 
stages suggesting lighter sleep (more stage 1 and 2 and less stage 
3-4 and REM). Except for stage 1, REM and sleep efficiency, 
similar findings were consistently observed for PLMI. These 
results suggest that leg movements that do not cause arousals 
as well as those that do cause arousals are associated with 
perturbed sleep quality, although on average, these associations 
are modest in this sample with relatively low stage 3-4 sleep 
and a high arousal index. The highest quintile of PLMI (≥ 65.1) 
and PLMA (≥ 6.8) had the strongest association and showed the 
largest magnitude of effect on sleep outcomes, and PLMA had 
a larger magnitude effect across more sleep outcomes. Despite 
associations with PSG indices of sleep quality, neither PLMI 
nor PLMA was associated with daytime sleepiness, based 
on ESS score.

A significant association of sleep quality with PLMI differs 
from our prior report in the SOF (female) cohort. Potential 
explanations for why PLMI had a stronger effect on sleep 
outcomes in men could include the higher power of the larger 
MrOS study and ability to detect relatively small effects. Alter-
natively, sleep architecture in older women is generally better 
than in older men,28 and thus it is possible that the sleep of 
women is less sensitive to disturbances than in men.

The results of this study in older men and the SOF study 
in elderly women support the hypothesis that PLMS increase 
with age, as suggested by Coleman29 and Ancoli-Israel.5 
However, studies to date including the current study have been 
cross-sectional, and the extent to which longitudinal changes 
in PLMS occur within aging subjects is unclear. The longi-
tudinal data of Gehrman4 in a small subset of the San Diego 
community cohort did not show an increase at 18-year follow-
up, emphasizing the need for further longitudinal assessments 
to better determine the extent to which PLMS represents age-
dependent pathophysiology.

Table 5—Sleep characteristics by PLMA quintile
Overall

(N = 2,872)
Quintile 1
(N = 573)

Quintile 2
(N = 575)

Quintile 3
(N = 574)

Quintile 4
(N = 575)

Quintile 5
(N = 575) p value

Epworth Sleepiness Scale Score 
(range 0-24), mean ± SD

6.2 ± 3.7 6.2 ± 3.7 6.2 ± 3.8 6.2 ± 3.7 5.9 ± 3.5 6.3 ± 3.8 0.52

ESS > 10, N (%) 377 (13.1) 77 (13.4) 74 (12.9) 71 (12.4) 69 (12.0) 86 (15.0) 0.61
Time in bed (hours), mean ± SD 8.1 ± 1.3 8.2 ± 1.3 8.0 ± 1.2 8.1 ± 1.2 8.1 ± 1.3 8.0 ± 1.3 0.34
Total sleep time (hours), mean ± SD 5.9 ± 1.2 6.0 ± 1.2 6.0 ± 1.1 6.0 ± 1.1 6.0 ± 1.1 5.6 ± 1.3 < 0.0001
Apnea-hypopnea index, mean ± SD 17.1 ± 15.1 17.6 ± 15.8 15.8 ± 14.1 15.9 ± 13.2 16.4 ± 14.6 19.8 ± 17.2 0.003

AHI ≥ 5, N (%) 2,264 (78.8) 460 (80.3) 429 (74.6) 461 (80.3) 457 (79.5) 457 (79.5) 0.10
AHI ≥ 15, N (%) 1,252 (43.6) 254 (44.3) 234 (40.7) 243 (42.3) 237 (41.2) 284 (49.4) 0.02

% time in stage 1 sleep, mean ± SD 6.8 ± 4.3 6.6 ± 4.6 6.8 ± 4.1 6.5 ± 3.7 6.6 ± 3.9 7.7 ± 5.1 < 0.0001
% time in stage 2 sleep, mean ± SD 62.7 ± 9.7 61.7 ± 9.7 61.6 ± 9.9 62.4 ± 9.1 62.4 ± 9.5 65.6 ± 9.5 < 0.0001
% time in stage 3-4 sleep, mean ± SD 11.2 ± 9.0 12.1 ± 9.5 11.8 ± 9.2 11.4 ± 8.9 11.8 ± 8.8 9.1 ± 8.1 < 0.0001
% time in REM sleep, mean ± SD 19.2 ± 6.7 19.6 ± 6.8 19.8 ± 6.5 19.8 ± 6.5 19.2 ± 6.4 17.6 ± 6.9 < 0.0001
Arousal index, mean ± SD 23.6 ± 11.7 20.8 ± 11.1 19.9 ± 9.6 20.6 ± 9.5 23.1 ± 8.9 33.8 ± 13.0 < 0.0001
Sleep efficiency (%), mean ± SD 76.1 ± 12.0 76.2 ± 12.2 77.2 ± 11.8 77.9 ± 11.0 76.5 ± 10.9 72.5 ± 13.4 < 0.0001

PLMA quintile cutoff points were as follows: quintile 1, < 0.1; quintile 2, 0.1-1.0; quintile 3, 1.0-3.0; quintile 4, 3.0-6.8, quintile 5, ≥ 6.8. p values are from 
ANOVA for normally distributed continuous variables and Kruskal-Wallis for skewed continuous variables. p values for categorical data are from a χ2 test from 
homogeneity. AHI, apnea-hypopnea index; ESS, Epworth Sleepiness Scale; PLMA, periodic leg movement causing EEG arousals index.
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Subjective sleepiness, as defined by an ESS > 10, was 

present only in 13.1% of the cohort. The lack of an association 
of either the PLMI or PLMA with subjective sleepiness may be 
due to several factors, including the low prevalence of subjec-
tive sleepiness in the cohort, potential insensitivity of the ESS 
to daytime functional impairment in elderly populations,30 lack 
of tight correlation between subjective sleep (ESS) and objec-
tive sleep measures (PSG),30 or because of the relative modest 
association between PLMS and indices of sleep quality. Consis-
tent with other studies, the clinical effect of PLMs on daytime 
sleepiness has not been established; the sleep stage changes in 
this study did not correlate with subjective sleepiness based on 
ESS score. Since both an elevated PLMI and elevated PLMA 
were previously shown in MrOS to predict cardiovascular 
disease, other serious health outcomes besides daytime sleepi-
ness should be considered when evaluating PLMS.19

In considering prevalence estimates for PLMS, it is impor-
tant to note that the optimal criterion for diagnosing PLMS is 
unknown, as are the implications of using alternative sensors 
for quantifying frequency of leg movements. More specifi-
cally, PLMS has been defined using cutoff values of both 
PLMI ≥ 531 and PLMI ≥ 15.1 Since it is evident that leg move-
ments increase with aging, it is likely that cutoff values may 
need to be modified to reflect the age distribution of the study 
sample. Although the PLMI and PLMA were highly corre-
lated, the frequency of leg movements associated with arousals 
was much lower. Our data that the highest quintiles of PLMI 
(≥ 65.1) and PLMA (≥ 6.8) showed the largest associations with 
indices of sleep quality supports the position that alternative 
threshold values for identifying abnormality may need to be 
used that account for the underlying distributions of PLMS in 
each respective population, reflecting age and comorbidity as 
well as recording techniques.

Our study had a number of strengths including a large sample 
size with standard scoring of PSG-derived data. Our sample 
focused on an older male population in whom there has been 
only limited prior objective sleep data. Enrollment of these 
community-dwelling men was not determined on the basis of 
PLMS, so our results are generalizable to other community 
samples. The importance of understanding determinants and 
measurement issues related to sleep disturbances in older men 
is underscored by the high prevalence of subjective symptoms 
of sleep problems and the frequency of chronic comorbidities in 
this population. The sleep and leg movement data were objec-
tively scored independently of one another by a group of highly 
trained scorers, providing reliable information that allowed 
various sleep indices to be independently compared. The sleep 
component of MrOS was added after the original recruitment, 
so there was less likelihood of recruitment bias for sleep symp-
toms. Further, the characteristics of the large percentage of 
participants with PLMS data in the study were similar to those 
for the small percentage of the MrOS cohort without PLMS 
data, supporting the generalizability of the findings to other 
community based populations of older men.

Our cross-sectional study had a few limitations. Because our 
population consisted of older men, results cannot be general-
ized to other groups such as women, younger people, or certain 
ethnic groups not broadly represented in MrOS. Our scoring 
algorithm for leg movements explicitly excluded movement 

clusters that were exclusively associated with respiratory 
events; however, since we did not measure esophageal pres-
sure, we could not exclude upper airway resistance events 
as a cause of PLMS. In addition, our questionnaire did not 
include validated restless leg questions or information about 
iron deficiency, which prevented analysis of the relationship 
between restless leg symptoms and objective polysomno-
graphic outcomes. It is possible that the physiological impact 
of PLMS differs in subgroups with and without daytime symp-
toms of restless legs syndrome. Leg movements were measured 
by piezo sensors, which are commonly used clinically, rather 
than by EMG. The optimal method for quantifying leg move-
ments is an area of active investigation. In preliminary unpub-
lished work using both piezo sensors and EMG electrodes, we 
observed similar patterns of PLMS. Specifically, in a sample 
of 51 subjects studied at the Sleep Reading Center studied 
with both piezoelectric and leg EMG sensors, with leg move-
ments assessed by the piezoelectrodes annotated using the 
rules applied to the MrOS sample and the EMG data analyzed 
using newly published leg movement scoring rules,32 a correla-
tion coefficient of 0.81 was observed, indicating an excellent 
level of agreement. Finally, information regarding RLS symp-
toms and iron deficiency was not available, so whether or not 
these findings can be extrapolated to RLS is unclear. Although 
PLMS occur in approximately 80% of RLS sufferers, it occurs 
in several other conditions and often in the elderly without RLS 
symptoms.5,11,33-35 A single measurement of PLMS at baseline 
does not account for night-to-night variability and changes in 
PLMS over time.

In summary, these PSG data indicate that PLMS are very 
common in older men. An elevated PLMI and an elevated 
PLMA were both associated with a consistent, albeit a modest, 
pattern of sleep disruption, suggesting that both PLMI and 
PLMA contribute to poor sleep quality. The highest quintiles 
for PLMA and PLMI showed the strongest effect on sleep 
outcomes, particularly PLMA. Similar to data reported in 
elderly women in SOF, neither the PLMI nor PLMA was asso-
ciated with daytime sleepiness. As the population continues to 
age, these results highlight the need for further research to better 
determine if there is a threshold level of PLMA and PLMI that 
identifies older participants at increased risk for comorbidity or 
functional limitations.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine
AHI, apnea-hypopnea index
ANOVA, analysis of variance
ArI, arousal index
BMI, body mass index
CI, confidence interval 
COPD, chronic obstructive pulmonary disease
ECG, electrocardiogram
EEG, electroenchephalogram
EMG, electromyogram
EOG, electrooculogram
ESS, Epworth Sleepiness Scale
GDS, Geriatric Depression Scale
IADL, instrumental activities of daily living
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MMSE, Mini-Mental State Examination
MrOS, Osteoporotic Fractures in Men Study
PASE, Physical Activity Scale for the Elderly
PLMA, periodic leg movement causing EEG arousals index 

(periodic leg movements causing EEG arousals per hour 
of sleep)

PLMI, periodic leg movement index (periodic leg movements 
per hour of sleep)

PLMS, periodic limb movements in sleep
PSG, polysomnography
REM, rapid eye movement
SD, standard deviation
SOF, Study of Osteoporotic Fractures
SSRI, selective serotonin reuptake inhibitor 
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