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Study Objectives: To examine the association between periodic limb movements in sleep (PLMS) and change in selected aspects of cognition in

community-dwelling older men.

Methods: We studied 2,636 older men without dementia who underwent in-home polysomnography with measurement of the periodic limb movement index
(PLMI) and periodic limb movement arousal index (PLMAI) using piezoelectric sensors. Random-effects models and logistic regression were used to examine

the association between PLMI, PLMAI, and 3- to 4-y change in cognition.

Results: After multivariable adjustment, men with a high PLMI had greater decline on the Trail Making Test — Part B (P trend = 0.02); those with a PLMI = 30
were 48% more likely (odds ratio = 1.48, 95% confidence interval = 1.05-2.07) to experience the development of significant cognitive impairment (= 1 SD
above mean change). Further adjustment for sleep efficiency, nocturnal hypoxemia, or dopaminergic medication use and analysis among men without
Parkinson disease (n = 2,607) showed similar findings. No significant association was found for PLMAI or for Modified Mini-Mental State Examination scores.
Conclusions: Among older men without dementia, higher PLMS frequency was associated with greater decline in cognition, particularly in executive function.
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Significance

Periodic limb movements in sleep (PLMS) were independently associated with subsequent cognitive decline, particularly decline in executive function, in
non-demented elderly men. This is the first study to report such an association, and requires confirmation by further studies and exploration of biological
mechanisms. |dentification of PLMS in the elderly might help to predict future cognitive decline.

INTRODUCTION

Periodic limb movements in sleep (PLMS) are recurring limb
movements caused by repetitive muscular contractions in the
legs during sleep. It has a reported prevalence of 45% among
elderly adults,' and has been associated with sleep fragmenta-
tion and risk of cardiovascular diseases in older men.>* The
exact mechanism of PLMS is unclear, but impaired dopami-
nergic transmission is frequently suggested.*© Notably, a high
prevalence of PLMS has been reported among patients with
Parkinson disease (PD) and Lewy body dementia,>® further
supporting a potentially close link between PLMS and dopa-
minergic hypoactivity. In addition, higher PLMS has been cor-
related with impaired executive function in the setting of PD.
Meanwhile, no study has prospectively studied the relation-
ship between PLMS and change in cognition in community-
dwelling older adults. Examination of this relationship will
help in the understanding of the effects of PLMS on cognition
and, more importantly, contribute to the ongoing debate® over
the clinical significance of PLMS in the general population.

METHODS

We studied participants in an ancillary study to the Osteopo-
rotic Fractures in Men Study (MrOS), the MrOS Sleep Study.”!
Briefly, from 2000 to 2002, the MrOS baseline examination
enrolled 5,994 community-dwelling men 65 y or older at six
clinical centers in the United States. In order to participate,
men needed to be able to walk without assistance and must
not have had a bilateral hip replacement. Of these participants,
3,135 were recruited for a comprehensive sleep assessment be-
tween 2003 and 2005. Details of the progression of participants
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throughout the study have been described." After excluding
men with significant cognitive impairment at the sleep visit
(Modified Mini-Mental State examination (3MS) score < 80 or
taking a medication for dementia), the current analysis included
2,636 men who had polysomnography data from Sleep Visit 1
and cognitive function measured at Sleep Visit 1 (2003-2005),
Sleep Visit 2 (2005-2006), and Sleep Visit 3 (2007-2009). All
men provided written informed consent, and the study was ap-
proved by the Institutional Review Board at each site.

In-home sleep studies were completed using unattended
polysomography (Safiro, Compumedics, Inc., Melbourne,
Australia), following a standardized protocol as described pre-
viously.? Bilateral tibialis leg movements were measured with
piezoelectric sensors. PLMS were scored to be consistent with
American Academy of Sleep Medicine (AASM) guidelines ac-
tive at the time of scoring.'? Individual leg movements were
scored if there was a clear amplitude increase from baseline
and the duration was no less and no more than 0.5 and 5.0
seconds, respectively. To be considered periodic, a minimum
of four movements needed to occur in succession no less and
no more than 5 and 90 sec apart, respectively. Leg movements
following respiratory events were excluded unless part of a
movement cluster > 4 with > 2 movements independent of respi-
ratory events. The periodic limb movement index (PLMI) was
the total number of periodic leg movements per hour of sleep.
The periodic limb movements arousal index (PLMAIT) was the
number of movements associated with arousals within 3 sec of
movement termination. Previously, our group have found high
levels of agreement (r = 0.81) between piezoelectric sensors
and scoring rules used in this study and electromyographic leg

Periodic Limb Movements and Cognitive Decline—Leng et al.



sensors using 2013 AASM scoring rules." Sleep efficiency was
defined as the percent of time spent asleep from sleep onset to
sleep offset. Nocturnal hypoxemia was defined as the percent
of time during overnight sleep in which arterial oxygen satura-
tion was below 90%.

Two tests of cognitive function were administered at clinic
visits by trained staff: the Trail Making Test — Part B (Trails B)
and the 3MS. The Trails B is a timed test of processing speed
that measures attention, sequencing, visual scanning, and ex-
ecutive function." Participants are given 300 sec to complete
the test, and higher scores represent worse cognitive function.
The 3MS is a global measurement of cognition, with compo-
nents for orientation, concentration, language, praxis, and im-
mediate and delayed memory. Scores range from 0 to 100, with
higher scores representing better cognitive function.”® Devel-
opment of clinically significant cognitive decline was defined
as having a change in test value > 1 SD worse than the mean
of the change value from the Sleep Visit 1 to Sleep Visit 3. In
addition, all participants completed questionnaires at the time
of the Sleep Visit 1, which included items about demographics,
education, medical history, physical activity, smoking, and al-
cohol use. In-clinic measurements of medication use,"” phys-
ical activity,”® and body mass index were performed.

The PLMS parameters were categorized as: PLMI, <5, 5
to < 30, > 30; PLMAI < 1, 1 to < 5, > 5. Characteristics of
participants were compared by categories of PLMS. Random-
effects models, as used in similar analysis," were utilized to
study the association between PLMS and changes in cognition
from the baseline to the follow-up visits. Covariates (fixed ef-
fects) were selected for inclusion in a multivariable model by
examining both the univariate association of the covariate and
the PLMS parameters and the association to the changes in
3MS and Trails B in random-effects models. Models were first
adjusted by age and site. Then those covariates associated to
both a PLMS parameter and an outcome at P < 0.10 were kept
in all multivariable models, which included race, education,
physical activity level, history of diabetes mellitus, history
of hypertension, and history of coronary heart disease. The
continuous cognitive scores were transformed to meet model
requirements (log transformation for Trails B, cube transfor-
mation for 3MS) and back-transformed for display of results.
Logistic regression was used to examine the association of
PLMS with clinically significant cognitive decline. Secondary
analyses were performed, with further adjustment for sleep ef-
ficiency, nocturnal hypoxemia, and dopaminergic medication
to determine if the associations were independent of these fac-
tors. Finally, given the potential link between PLMS and PD,
we repeated the analyses among those without a history of PD
at baseline. All significance levels reported were two-sided
and all analyses were conducted using SAS version 9.4 (SAS
Institute Inc, Cary, NC).

RESULTS

Of the 2,636 participants, PLMI < 5 in 29.4% 5 to 30 in 25.9%,
and > 30 in 44.7% had (39.7%, 33.1%, and 27.2% had a PLMAI
of <1, 1 to 5 and > 5, respectively). The participants were pri-
marily Caucasian (92%) with an average age of 76 + 5 y at the
initial assessment. Those with higher PLMS frequency were
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older, more likely to be Caucasians, and had a history of coro-
nary heart disease and lower sleep efficiency. The baseline mean
Trails B score was 119.4, 112.9, and 116.9 sec, and the mean 3MS
score was 93.6, 94.0, and 93.5 points, for men with a PLMI <5, 5
to <30, and > 30, respectively. On average, the Trails B test time
increased by 9.0 sec, and the 3MS score decreased by 1.2 points
over a follow-up of 3.4 y. Detailed descriptive statistics are not
presented in this short note, but characteristics of similar study
samples can be found in previous publications.>!

After multivariable adjustment, the rate of increase in Trails
B test time (decline in function) was significantly greater
for those with a PLMI > 30, whereas the rate of decrease in
3MS scores was smaller, but not significant, for those with a
PLMI > 30. The adjusted increase in Trails B test completion
time over 3.4 y were 3.5, 6.3, and 8.1 sec for PLMI category
of <5, 5 to 30, and > 30, respectively (P for trend = 0.02);
adjusted decline in 3MS score for PLMI categories were 1.3,
0.9, and 1.0 points over 3 y, respectively (P for trend = 0.23).
PLMALI was not associated with either of the cognitive out-
comes. Figure 1 shows multivariable-adjusted odds ratios (OR)
for clinically significant decline in Trails B performance by
PLMI categories. The number (%) of men with clinically sig-
nificant decline in Trails B for those with a PLMI of < 5, 5
to < 30, and > 30 were 59 (8.9%), 63 (10.6%), and 126 (12.8%),
respectively. Those in the highest category of PLMI were 48%
more likely to experience development of clinically significant
cognitive impairment compared to those in the lowest category
(OR = 1.48, 95% CI = 1.05-2.07). The associations remained
after further adjustment for sleep efficiency (1.47, 1.05-2.06),
nocturnal hypoxemia (1.47, 1.05-2.07), or dopaminergic use
(1.48, 1.06-2.08). Similar associations were observed after ex-
cluding participants with PD (n = 29). Among these 29 PD pa-
tients, 17 (58.6%) were on dopaminergic use.

DISCUSSION

Among 2,636 older men without dementia, increasing PLMS
frequency was associated with declining cognitive function,
particularly on executive function. The worsening on Trails
B for men with a PLMI > 30 more than doubled compared to
those with a PLMI < 5. The association was independent of
sleep efficiency, nocturnal hypoxemia, and dopaminergic use,
and remained after excluding men with PD. To our knowledge,
this is the first study to show an association between PLMS
and cognitive decline in the general population.

Our finding on the association between high PLMI and de-
clining executive function is complemented by prior research,
which indicated a correlation between high PLMS and lower
executive function in PD patients.” Although PLMS has been
studied mostly in the setting of PD and is frequently associated
with dopamine deficiency,*! the association observed in the
current study remained after adjusting for dopaminergic use
and after exclusion of participants with a history of PD. Ele-
vated PLMS could be an early marker of cognitive impairment
even in older men free of PD or other apparent dopamine-re-
lated disorders. There are a few potential mechanisms. PLMS
has been associated with increased sympathetic activity, el-
evated blood pressure and incident cardiovascular diseases,*?
which all contribute to vascular-related cognitive impairment,
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Figure 1—Multivariable-adjusted* association of periodic limb movements index and clinically significant cognitive impairment as measured by the Trail
Making Test — Part B (completion time increased by 58 sec), odds ratio, and 95% confidence interval (CI) (n = 2,343). *Models adjusted by age, site, race
(white vs. nonwhite), education level, physical activity level, history of diabetes mellitus, history of hypertension, history of coronary heart disease.
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as featured by impairment in executive function.?" > Moreover,
dopamine deficit, as a frequently suggested cause of PLMS,*
also plays a key role in neurodegeneration and affects par-
ticularly the prefrontal cortex area, which regulates executive
function.’** Previous research suggests that executive func-
tion is a better predictor of functional decline and mortality in
older women?®; thus, the current finding on PLMS and decline
in executive function might have important clinical implica-
tions. Finally, PLMS could be a marker of sleep fragmenta-
tion,? and there is increasing recognition on the role of sleep
disturbances in cognitive impairment.”’Although previous
studies have reported more sleep disruptions associated with
PLMS with arousal,>® we did not find any association between
PLMAI and cognition. The neuropathological effects of PLMS
with and without an arousal should be further examined.

The study strengths are its prospective design, participants
who were not selected based on PLMS or cognitive function,
objective measure of sleep parameters, and consideration of a
range of possible confounders. Limitations of the study include
limited generalizability because the cohort involves primarily
older Caucasian men. Use of piezoelectric sensors for move-
ment detection is not the current standard for PLMI detection,
although our methods correlate highly with published methods.
In addition, although adjustment for multiple potential con-
founders did not attenuate the association, the possibility of re-
sidual confounding cannot be ruled out. We observed moderate
cognitive decline over 3 y, whereas larger differences in the
rate of cognitive decline might be observed with longer follow-
up. Finally, we did not observe a similar pattern of change for
3MS scores, which could be due to chance, measurement prop-
erties, or because PLMS was indeed more closely related to
decline in executive function.
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In summary, this study shows for the first time that PLMS
might be an independent predictor of cognitive decline, par-
ticularly decline in executive function, among community-
dwelling elderly men. Further studies are needed to explore
a link between PLMS and cognitive function and help under-
stand biological mechanisms.

ABBREVIATIONS

3MS, Modified Mini-Mental State examination
AASM, American Academy of Sleep Medicine
BMI, Body Mass Index

CI, Confidence Interval

MrOS, The Osteoporotic Fractures in Men
OR, Odds Ratio

PD, Parkinson disease

PLMI, Periodic Limb Movements Index
PLMS, Periodic Limb Movements in sleep
PSG, Polysomnography

SD, Standard Deviation

Trails B, Trail Making Test — Part B
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