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Introduction: Periodic limb movements of sleep (PLMS) may increase cardiovascular and
cerebrovascular morbidity. However, most people with PLMS are either asymptomatic or have
nonspecific symptoms. Therefore, predicting elevated PLMS in the absence of restless legs
syndrome remains an important clinical challenge.

Methods: We undertook a retrospective analysis of demographic data, subjective symptoms,
and objective polysomnography (PSG) findings in a clinical cohort with or without obstructive
sleep apnea (OSA) from our laboratory (n=443 with OSA, n=209 without OSA). Correlation
analysis and regression modeling were performed to determine predictors of periodic limb
movement index (PLMI). Markov decision analysis with TreeAge software compared strate-
gies to detect PLMS: in-laboratory PSG, at-home testing, and a clinical prediction tool based
on the regression analysis.

Results: Elevated PLMI values (>15 per hour) were observed in >25% of patients. PLMI
values in No-OSA patients correlated with age, sex, self-reported nocturnal leg jerks, restless
legs syndrome symptoms, and hypertension. In OSA patients, PLMI correlated only with age
and self-reported psychiatric medications. Regression models indicated only a modest predictive
value of demographics, symptoms, and clinical history. Decision modeling suggests that at-home
testing is favored as the pretest probability of PLMS increases, given plausible assumptions
regarding PLMS morbidity, costs, and assumed benefits of pharmacological therapy.
Conclusion: Although elevated PLMI values were commonly observed, routinely acquired
clinical information had only weak predictive utility. As the clinical importance of elevated
PLMI continues to evolve, it is likely that objective measures such as PSG or at-home PLMS
monitors will prove increasingly important for clinical and research endeavors.

Keywords: periodic limb movements, polysomnography, predictors, sleep, decision analysis,
cost-effectiveness, diagnostic

Introduction

Periodic limb movements of sleep (PLMS), brief muscle activations occurring at regular
intervals, currently require laboratory polysomnography (PSG) for quantification.!
Periodic limb movement disorder is the combination of periodic limb movement index
(PLMI) of =15 events per hour and symptoms attributable to the PLMS. Elevated
PLMI is commonly observed in patients with restless legs syndrome (RLS),>* which
itself has been linked to obesity,* cardiovascular disease,*¢ cerebrovascular disease,”®
and anxiety and depression.”'' PLMS have been associated with a variety of health
problems as well, including posttraumatic stress disorder, '? narcolepsy,' renal disease,'*
congestive heart failure," alcoholism,'* mood disorders,'*!7-2° Parkinson’s disease,?' %
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and attentional problems.?*?’” Most importantly, PLMS has
been associated with higher risk of cardiovascular and/or
cerebrovascular events.”?*?° Despite this growing list of
associations, aggressive investigation for PLMS is not com-
monly undertaken (compared, eg, to sleep apnea), perhaps in
part since causality remains uncertain particularly regarding
whether PLMS treatment can mitigate these risks.

The range of reported PLMS prevalence is highly vari-
able, from 4% to 47% in adults depending on the population
and definitions used,® and PLMS are commonly comorbid
with obstructive sleep apnea (OSA),? insomnia,*® and
advanced age.’® Given the potential connection between
PLMS and cardiovascular and cerebrovascular morbidity,
the question arises as to how to best identify patients with
PLMS, the majority of which do not have RLS symptoms.
Such information could improve screening decisions and
transform PLMS from mainly an incidental PSG finding
to an actively sought aspect of clinical sleep evaluations.
Clinical suspicion of PLMS in non-RLS patients centers
mainly around bed-partner report of the limb movements,
the reliability of which is uncertain. We approached this
problem by empirical data analysis from our center and by
theoretical decision modeling to place the empirical find-
ings into broader clinical context. Specifically, we tested
the hypothesis that PLMS indices can be predicted by a
combination of demographic and self-reported symptoms
in a retrospective database study from our sleep laboratory.
We subsequently performed cost-effectiveness modeling
to compare clinical screening, in-laboratory PSG, and
at-home device monitoring, for diagnosis and management
of PLMS.

Methods

We performed a retrospective analysis of clinical PSGs per-
formed in our center. The Partners Healthcare Institutional
Review Board approved the use of this clinical database
without additional informed consent. Prespecified exclusions
included age <18 years, missing presleep clinical question-
naires, or <3 hours of total PSG sleep time.

We considered two groups in this retrospective analysis
based on OSA metrics (n=209 without OSA and n=443
with OSA; the OSA cases were previously reported in an
unrelated study of sleep perceptions)®!'. We prespecified
that OSA was defined by the apnea—hypopnea index (AHI)
as AHI=S5, while No-OSA was defined as AHI <5 and a
respiratory disturbance index (RDI) of <10. The RDI cutoff
for No-OSA cases was prespecified to exclude patients with
frequent nonhypoxic events in the No-OSA group.

PSGs were scored according to American Academy of
Sleep Medicine standard definitions for stages, breathing,
and movements. We used the 4% rule for hypopneas and
nasal pressure flattening with arousal/recovery for respira-
tory event-related electroencephalogram (EEG) arousals.
The RDI includes apneas, hypopneas, and respiratory event-
related EEG arousals, per hour of sleep. PLMS were scored
according to standard American Academy of Sleep Medicine
criteria; scoring conventions include censoring limb move-
ments associated with scored respiratory events. Each patient
undergoing PSG in our center completes a self-report inven-
tory of symptoms and clinical history. We prespecified that
the presence of RLS symptom means that one or more of the
following queries were positive: 1) “When awake, my legs
have a funny or uncomfortable sensation”, 2) “This problem
is worse in the evening”, and 3) “When I move around, this
sensation gets better”. PLMI and limb movement arousal
index (LMAI) were nonnormally distributed and thus ana-
lyzed by nonparametric methods. Self-reported medications
were manually categorized: antihypertensive, psychiatric,
sleeping aid, medication used to treat RLS (dopaminergic
agents, gabapentin, pregabalin), and stimulant.

We used SAS version 9.3 (SAS Institute, Inc., Cary, NC,
USA) for statistical analyses. To determine significant pre-
dictors for PLMS, covariates collected during the diagnostic
night were all included in logistic regression (LR) analyses
for PLMI. Spearman’s correlation analyses were performed
to determine possible interaction terms to be included in
LR analyses for PLMI. For LR analyses, PLMI values were
transformed to a categorical variable (PLMI =15 threshold).
Diagnostic PSG data were also analyzed under Wilcoxon
rank-sum and chi-square () tests for determining differ-
ences in PMLI and LMAI distributions by OSA status.

We performed decision analysis with TreeAge software
(TreeAge Pro, 2015; Williamstown, MA, USA). Markov
modeling was used to evaluate the cost-effectiveness of
different strategies to diagnose PLMS in adults and initiate
treatment to prevent a composite outcome of cardiovascular
and/or cerebrovascular events. The time horizon was 5 years.
The population was assumed to be adults free of RLS (which
could independently indicate treatment) and free of OSA
(an independent reason and benefit of laboratory PSG test-
ing). Elevated PLMI is linked to increased cardiovascular
or cerebrovascular event risk in the model, and this risk is
assumed to decrease with pharmacological therapy. Such risk
mitigation has not yet been demonstrated in clinical trials,
yet is plausible based on cardiac physiology data®*- and that
dopaminergic medications decrease PLMS indices.*
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Patients testing positive for PLMS (whether true or false
positive) may initiate dopaminergic treatment. Health out-
comes were expressed in quality-adjusted life-years gained.
We instituted a utility reduction for surviving a cardiovascular
or cerebrovascular event of 0.84,%” but no change in utility
was related to PLMS itself (ie, it is assumed to be asymp-
tomatic) or its treatment (ie, medication adverse effects were
not modeled but are indirectly captured in the probability of
accepting treatment). Costs were considered from a third-
party payer perspective. Costs included treatment of PLMS
(cRx) and clinical visits (cCL), as well as for different PLMS
testing methods: home-based PLMS device (cHD), cost for
administering a clinical tool for predicting PLMS diagnosis
(cCT), and cost of PSG testing (cPSG). The cost of having a
cardiovascular or cerebrovascular event (cCV) was assumed
to be a one-time cost for the acute event. For simplicity, we
did not model costs of chronic cardiovascular or cerebrovas-

Table | Costs, effectiveness, and probability-based values

cular care, which would further increase the expected cost of
untreated PLMS and is thus a conservative assumption. The
clinical tool sensitivity and specificity were assumed to be
65% each, in keeping with the small odds ratio values found
in the correlation analysis of this work; the cost was assumed
to be $10 (USD) for time to administer.

Table 1 shows the costs, utilities, and probabilities used
in the model. Costs and utilities were collected and compared
using a willingness to pay threshold of $50,000 (USD) per
quality-adjusted life-year. The base case values are shown
in Table 1. The annual cost for PLMS treatment (cRx) was
$485 (USD), and the cost for home device (cHD) usage
for diagnosis was estimated at $100 (USD). The sensitivity
(sensHD) and specificity (specHD) of HD were defined as
82.4% and 70.8%, respectively, for detecting binary presence/
absence of elevated PLMS (>15/h) based on a recent study,*®
which is within the ranges reported in the literature for leg

Variables Definition Value Comments References
cHD Cost of home device $100 (USD) Estimated -
cCT Cost of clinical tool $10 (USD) Estimated -
cPSG Cost of polysomnography $800 (USD) Pietzsch et al”'
cRx Cost of treatment $485 (USD/year) Based on Rx for RLS Meyers et al”?
cCL Cost of clinic visits $180 (USD/year) Assumed two visits -
per year, each $90 (USD)
cCV Cost of a cardiovascular $17,764.50 (USD) On average, based on a Pietzsch et al”?
or cerebrovascular event one-time event
eCV QALY after cardiovascular or 0.84 - Sullivan and Ghushchyan®’;
cerebrovascular event Pietzsch et al”
Sensitivity HD - 0.88 - Plante®
Specificity HD - 0.76 - Plante®
Sensitivity PSG - 0.90 - Plante®
Specificity PSG - 0.95 - Plante®
Sensitivity CT - 0.65 Estimate from OR Current study
Specificity CT - 0.65 Estimate from OR Current study
Prev Prevalence of PLMS 0.039 - Ohayon and Roth*
pAcceptRx Probability of accepting treatment 0.9 Estimate -
pCV_pos Risk of a cardiovascular or 0.0285 - Pietzsch et al”
cerebrovascular event
pDie_Natural Risk of death other than 0.0053 - Pietzsch et al”
from a cerebrovascular event
pDie_Cerebrovascular Risk of dying from a cardiovascular ~ 0.1663 - Pietzsch et al”
or cerebrovascular event
A Increasing factor due to 1.50 Estimate -
having PLMS
B Decreasing factor due to 0.50 Estimate -
Rx for PLMS
g Increasing factor due to having 1.50 Estimate -

had a cardiovascular or
cerebrovascular event

Note: —, Not applicable.

Abbreviations: RLS, restless legs syndrome; QALY, quality-adjusted life-year; OR, odds ratio; PLMS, periodic limb movements of sleep; HD, home device; PSG,
polysomnography; CT, clinical tool; eCV, quality of life after a CV event; CHD, cost of home device; cCT, cost of clinical tool; cPSG, cost of PSG; cRx, cost of treatment;
cCL, cost of clinic visits; cCV, cost of CV event.
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actigraphy.® Sensitivity and specificity of PSG for this binary
determination were defined as 90% and 95%, respectively.
The cost of PSG was estimated at $800 (USD). Modifying
factors for cardiovascular or cerebrovascular risk included
increased cardiovascular or cerebrovascular risk given PLMS
(a), increased cardiovascular or cerebrovascular risk in those
who have had a cardiovascular or cerebrovascular event (g),
and decreased cerebrovascular risk in true positives who
accept treatment.

Results
We investigated subjective and objective PSG findings in
patients undergoing clinical PSG in our laboratory: one
group had normal breathing metrics defined by AHI <5 and
RDI <10 (“No-OSA” group) and one group had AHI =5 on
their diagnostic PSG (Dx-OSA) and returned for continuous
positive airway pressure titration on a subsequent night (Rx-
OSA). Baseline PSG characteristics were similar, aside from
the expected OSA-defining metrics (Table 2). OSA patients
were older and had a higher body mass index (BMI) com-
pared to No-OSA patients, and were more likely to be male,
consistent with known OSA risk factors (Table 3).
No-OSA and OSA groups had similar PLMI and LMAI
values during diagnostic PSG (Table 2). Small but sig-
nificantly higher values of median PLMI and LMAI were
observed during Rx-OSA compared to Dx-OSA nights.
However, cumulative density function plots show that the
distributions separate more clearly after the 50th percentile
range, leading us in subsequent analyses to utilize the clini-
cally relevant cutoff of PLMI =15 as the target predictor for

Table 2 Baseline PSG characteristics by OSA status

Table 3 Demographic and objective characteristics by OSA

status
Variables AHI <5and AHI =5 Test results

RDI <10 (Dx-OSA, Wilcoxon 27 test

(No-OSA, n=443) rank-sum

n=209) (P-value)
Age, years 43 55 <0.0001 -
BMI 28 31 <0.0001 -
ESS 7 7 0.36 -
PLMI 4.10 3.90 0.88 -
LMAI 1.10 1.10 0.89 -
Sex, male 36.4% 57.1% - 24.45*%
Leg jerks in sleep  13.4% 12.9% - 0.04
Smoking 10.5% 8.4% - 0.82
Psych meds 38.3% 27.8% - 7.32%
Sleeping pills 37.3% 21.4% - 18.36*
RLS/PLMS meds  8.6% 5.6% - 2.03
Stimulants 10.5% 3.2% - 14.77%
HTN® 31.1% 65.5% - 67.60*
RLS® 25.8% 25.3% - 0.02
Caffeine* 64.6% 76.5% - 10.18*

Variables AHI <5 and RDI <10 AHI =5
(No-OSA) (Dx-OSA)
TST (min) 371.48 (72.74) 372.41 (58.23)
Eff (%) 88.44 (60.50) 84.36 (11.93)
NI (min) 43.05 (27.59) 66.13 (39.74)
NI (%) 14.50 (31.98) 18.64 (12.73)
N2 (min) 195.60 (55.16) 206.55 (57.24)
N2 (%) 52.80 (11.14) 55.02 (11.44)
N3 (min) 69.58 (42.62) 4751 (36.99)
N3 (%) 18.50 (10.81) 12.64 (9.72)
REM (min) 63.74 (33.06) 52.22 (29.97)
REM (%) 18.60 (30.53) 13.70 (7.15)
AHI (h™) 1.42 (1.31) 17.29 (14.05)
RDI (h) 430 (2.70) 30.44 (16.45)*
PLMI (h™) 14.16 (28.92) 13.67 (21.80)
LMAI (h) 450 (11.93) 291 (4.83)

Notes: Values are mean (SD). *P<<0.05, nonparametric rank test.

Abbreviations: PSG, polysomnography; OSA, obstructive sleep apnea; AHI,
apnea—hypopnea index; RDI, respiratory disturbance index; TST, total sleep
time; Eff, sleep efficiency (%); PLMI, periodic limb movements index; LMAI, limb
movements arousal index; min, minute; h, hour; SD, standard deviation; REM, rapid
eye movement sleep.

Notes: Categorical variable data are percentages of affirmative characteristic. Age,
BMI, ESS, PLMI, and LMAI are median values. —, Not applicable. *Either self-reported
HTN or listed anti-HTN medication. "Any RLS symptom. ‘Any caffeine intake.
*P-values <0.01. Bold values are statistically significant.

Abbreviations: OSA, obstructive sleep apnea; AHI, apnea—hypopnea index; RDI,
respiratory disturbance index; BMI, body mass index; PLMI, periodic limb movement
index; LMAI, limb movement arousal index; Psych meds; psychiatric medications;
RLS, restless legs symptoms; PLMS, periodic limb movements of sleep; meds,
medications; HTN, hypertension; ESS, Epworth Sleepiness Score.

logistic models (later) (Figure 1), which is the ~65th—75th
percentile for Dx-OSA and Rx-OSA.

Before performing multiple LR models, we investigated
PLMI and LMAI values across clinical and demographic
categories for each group of PSGs (No-OSA, Dx-OSA,
and Rx-OSA), which showed distinct clinical associations
in the OSA versus the No-OSA groups (Table S1). Next,

1.0 PLMI>15
0.8
1 —— Diagnostic PSG
s 064 /7 e Titration PSG
£~ 177
0
S 04
0.2+
00O+———7——T 77—
0 30 60 90 120 150

PLMI (#/h)

Figure | The distribution of PLMI values (x-axis) is given as a cumulative fraction
(y-axis) for OSA patients who underwent two PSG nights.

Notes: The vertical gray line indicates PLMI =15 for reference.

Abbreviations: PLMI, periodic limb movement index; OSA, obstructive sleep
apnea; PSG, polysomnography; h, hour.
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Table 4 Odds ratios values for significant predictors of PLMI
=I5

Variables No-OSA Dx-OSA

OR Lower Upper OR Lower  Upper

95% Cl  95% ClI 95% Cl  95% CI

Age 1.03 1.0l 1.05 1.09  1.06 I.14
Sex 235 L.19 4.63 1.86 1.16 2.99
RLS 231 LI3 4.72 - - -
Psych meds - - - 1.93 1.18 3.17
ESS - - - 128  1.04 1.58
Age XESS - - - 0.996 0.992 0.999

Note: —, Not significant predictors.

Abbreviations: PLMI, periodic limb movement index; OSA, obstructive sleep
apnea; OR, odds ratio; Cl, confidence interval; RLS, restless legs syndrome; Psych
meds; psychiatric medications; ESS, Epworth Sleepiness Score.

correlations between PLMI values and clinical variables
(Tables S2—-S5) were undertaken to inform regression
modeling for predictors of elevated PLMI (=15), adjusting
for age, sex, BMI, and self-reported medications (Table 4).
Age (P=0.02), male sex (P=0.01), and self-reported RLS

True_positives

(P=0.02) predicted PLMI =15 in No-OSA patients. For the
Dx-OSA group, predictors were age (P<<0.0001), male sex
(P=0.01), and self-reported intake of psychiatric medications
(P=0.01). The Epworth Sleepiness score and its interaction
with age were also significant (P=0.02), although the latter
was quite small (=—0.004) and is of uncertain clinical
importance. The odds ratios are given in Table 3. The portion
of the variance in PLMI status explained by the models for
No-OSA and Dx-OSA groups was modest: ~9% and ~14%,
respectively.

Given the challenges of predicting elevated PLMS
according to the earlier analysis, we undertook a decision
modeling approach to compare strategies for diagnosing
and subsequently treating patients with elevated PLMS.
As there is much uncertainty with regard to clinical and
device-based screening for elevated PLMS, as well as the
impact of treatment on associated morbidities, we made
several simplifying assumptions that could be addressed
in future prospective studies. We assumed a cardiovascular

— Rx option
® |

PLMS_positive PPLMS_pos
False positives
PSG to all
#
True negatives
PLMS_negative PPLMS_neg

False negatives

#
PSG_test_positive

@ True positives .-

PLMS_positive

pPSG_pos
PSG_test_negative

PPLMS_pos M
False positives

# au

O L Rx option
j P

#
True negatives

PPLMS_neg

PLMS_negative

Asymptomatic False negatives

adult population #

True positives

PLMS_positive

PPLMS_pos

False positives
HD

#
True negatives

PLMS_negative PPLMS_neg

False negatives

PLMS_positives

No PSG and
no Rx

PLMS_negatives

Figure 2 Structure of the decision model.

Notes: The schematic shows four strategies to approach occult elevation of PLMI. The first branch strategy is to conduct in-laboratory PSG for everyone (PSG all). Within
that approach, those with elevated PLMI will have the chance to receive treatment. The next strategy utilizes a prescreen of a clinical tool, based on clinical history, to risk
stratify those who should undergo PSG. Again, those testing positive on PSG will have the chance to receive treatment. The third strategy is to perform home testing using a
portable device, and those testing positive in that setting can proceed to treatment (no PSG in this arm). Finally, we included a reference strategy with no testing or treatment
for anyone (do-nothing arm). Within each of these arms, a Markov node is placed to allow recurrent annual risk of cardiovascular or cerebrovascular event as well as a low
probability of death, to occur. For convenience, these states are shown only for one branch (dotted lines).

Abbreviations: PLMI, periodic limb movement index; PSG, polysomnography; PLMS, periodic limb movements of sleep; CT, clinical tool; HD, home device; M, markov node.
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risk associated with untreated PLMS that is mitigated by  limb actigraphy have been published;** we utilized values
pharmacological treatment. We compared four strategies  from the PAM-RL device.*®

to approach the problem of elevated PLMS in a presumed We performed sensitivity analysis across three key
asymptomatic adult population (Figure 2). The “do-nothing”  parameters (Figure 3). Prevalence is uncertain and varies
strategy and obtaining PSG on all patients represent boundary ~ across certain populations, so we considered this across a
conditions of baseline health burden of PLMS (do-nothing)  tenfold range from 3.5% to 35%. The sensitivity, specificity,
versus better accuracy of diagnosis as well as higher cost of  and cost of a HD were also investigated, as device-based
testing (PSG for all). These were compared with two more ~ PLMS diagnostics are not common clinically and lack
realistic strategies: 1) assessing PLMS risk using a clinical ~ extensive study. The resulting plots provide an overview of
tool based on the aforementioned LR model, followed by  the main considerations that would drive decision making
confirmatory PSG testing in those who screen positive, and  for the question of medical benefit from testing and treat-
2) actigraphic HD testing for PLMS. Several reports of lower  ing PLMS. First, the cost of home testing is not predicted
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Figure 3 Sensitivity analysis.

Notes: We performed sensitivity analysis on home device accuracy (sensitivity and specificity, on the x and y axes of each plot), across two costs of home device testing per
person ($0 and $100) and a range of prevalence of elevated PLMI (rows). Willingness to pay was $50,000 in all cases. Two strategies were never favored in this modeling:
clinical tool and PSG for everyone. The red and blue regions indicate parameter space when the preferred choice is the home device arm versus the do-nothing arm,
respectively.

Abbreviations: PLMI, periodic limb movement index; PSG, polysomnography; cHD, cost for home device; Sens, sensitivity; Spec, specificity; Prev, prevalence.

282 submit your manuscript | www.dovepress.com

Nature and Science of Sleep 2016:8

Dovepress


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Predicting periodic limb movements

to play a major role, as the difference between decision
boundaries was small when testing was free versus costing
$100 per person. This is perhaps not unexpected, as the cost
of home testing is small in general compared to the cost of
medical morbidity associated with untreated PLMS and that
of pharmacotherapy for PLMS. Second, the pretest prob-
ability of PLMS played a major role in the optimal decision
pathway, with higher values driving the decision to pursue
some form of objective diagnostic testing. Interestingly,
because the accuracy of the clinical tool was modest, it is
never favored in the decision space. Instead, the two domi-
nant pathways are the do-nothing path and the home-test
path. PSG is also not preferred across this range of values,
when considered from the sole perspective of identifying
PLMS, suggesting that the increased cost does not justify
the improved accuracy.

Discussion

Elevated PLMI was not uncommon among adult patients
undergoing PSG testing, with ~26% having PLMI =15/h.
Among the 13% of the study population who self-reported leg
jerking during sleep, approximately one-third of them (4.5%)
showed PLMI =15/h during their diagnostic PSG night,
indicating that this self-reported symptom is not strongly
predictive of elevated PLMI (ie, low positive predictive value
of symptoms). Self-reported RLS symptoms and the Epworth
Sleepiness scores, along with age, male sex, and self-reported
psychiatric medications, were each associated with PLMI
=15, although the odds ratios were fairly small. Neverthe-
less, the correlations are generally consistent with prior
work 38344046 Other work identified a female predominance
of PLMS,*” but this was not seen in this study. Previous work
has linked antidepressants to PLMS,** and we observed an
association of psychiatric medications with elevated PLMI,
albeit only in those with comorbid OSA.

The limited predictive power of simple symptom inven-
tories suggests that PLMS may go undetected in practice,
except for incidental findings on PSG obtained for other rea-
sons (usually OSA). Various studies have reported that symp-
toms of sleepiness and PLMS are not well correlated,*-?
except when RLS is present.> Given that current clinical
practice requires PSG to quantify PLMS,> yet PSG utiliza-
tion is increasingly restricted, understanding the extent to
which clinical information alone will predict elevated PLMI
on PSG remains an important goal. This work supports prior
literature in the suggestion that, in the absence of RLS, it
can be quite challenging to predict the presence of elevated
PLMS by clinical history alone.

Clinical implications of PLMS

The clinical importance of PLMS is suggested by associa-
tions with a variety of medical and psychiatric comorbidities
discussed earlier. Genetics and epidemiology studies suggest
that the objective sleep disturbance and the genetic correlates
with RLS are linked to the underlying PLMS.>* It is possible
that the cardiovascular risk associated with RLS is mediated
by objective sleep disturbance from PLMS via changes in
heart rate, sympathetic activity, cortisol secretion, and cardiac
vagal modulation.’>#*>5 Increased heart rate is associated
with PLMS more frequently than EEG arousals,** even when
LMAs cannot be detected.’*¢ Another possible link with
daytime hypertension could be through interference with
normal nocturnal blood pressure dipping:**3” The absence
of dipping contributes to a greater cardiovascular risk> ¢
and hypertension®¢? and cerebrovascular disease.®> PLMS
are also associated with elevated plasma C-reactive protein
and fibrinogen, markers of cardiovascular risk, in patients
with OSA.*

Dopaminergic therapy decreases the number of PLMS and
normalizes the increased PLMS-related heart rate variability
response in patients with RLS.3* Whether such pharmacologi-
cal therapy for PLMS improves cardiovascular outcomes is
unknown. Future prospective trials are needed, ideally with
objective monitoring to track clinical response.

Objective measurement of PLMS

In the absence of accurate clinical predictors, PLMS may
remain underdiagnosed in the adult population. As home
testing kits for diagnosing OSA increasingly replace in-
laboratory PSG, even incidental findings of PLMS may
decrease, exacerbating underdiagnosis of PLMS because
no type 3 or type 4 kits measure PLMS.% Likewise, as
home autotitrations replace in-laboratory titrations, the
relationship of PLMS to OSA and its therapy may not be
realized. The current data and prior literature suggest that
PAP treatment is associated with increased PLMS, ¢’
although this may be related to conventions that restrict
scoring PLMS occurring near breathing events. In our
cohort, there was no relation of PLMI with OSA severity
category during diagnostic PSG assessments: for AHI <5,
AHI 5-15, and AHI >15, the median and IQR of PLMI
in each group was 4.1 (0.7-14.5), 5.0 (0.9-15.5), and 3.6
(0.6-19.8), respectively. The group PLMI values were not
statistically different by Mann—Whitney nonparametric
test. Furthermore, there was no correlation between PLMI
and AHI across the categories (Spearman’s R value 0.03;
P>0.5). Nevertheless, recent work highlights the potential
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clinical utility of quantifying limb movements in sleep
associated with respiratory events,*® an area that deserves
further investigation.

The potential for at-home testing of leg movements
could refine diagnostic phenotyping through multiple-night
recordings and provide an objective marker for treatment
response over time. In addition, home PLMS monitoring
could provide an alternative to formal PSG for objective
screening purposes. Leg actigraphy has been used in several
studies to quantify PLMS, with a range of sensitivity and
specificity generally in the 60%-90% range.* Specifically,
ankle-placed devices such as the PAM-RL have better sensi-
tivity and thus better “rule-out” value, compared to devices
placed on the dorsum of the foot (eg, Actiwatch), which
has higher specificity and thus better “rule-in” value. Given
observed night-to-night variability in PLMS,*%-° the capac-
ity to record multiple nights will further inform diagnostic
phenotyping by improving upon the single-night snapshot of
laboratory PSG. Obtaining improved phenotype information
via home tracking is important for clinical care and for out-
comes-based research studies in this area by improving power
of clinical trials and for individualized management plans in
clinical practice. We speculate that at-home monitoring for
PLMS will gain momentum because of the combination of
poor clinical predictors of PLMS, potential morbidity risk
of untreated PLMS, and the necessity to utilize alternatives
to PSG for objective testing.

Decision modeling

We undertook a cost-effectiveness model to compare dif-
ferent diagnostic approaches for detecting (and treating)
occult PLMS based on the assumption that elevated PLMI
has health consequences and that these consequences
are reduced with dopaminergic medication treatment.
Although HD screening for occult PLMS is not currently
considered standard of care, the model provides a frame-
work for identifying key issues that can inform prospective
studies in this regard. Across a 5-year time horizon during
which cardiovascular events can occur, the HD strategy
was cost-effective under plausible estimates of device
accuracy, device cost, and PLMS prevalence. Importantly,
the expected low cost per person of HD for PLMS did not
impact the preferred strategy as much as prevalence of
elevated PLMI. Even when the cost of home testing is free,
we observe a relatively stronger impact of prevalence than
on sensitivity and specificity of a HD. This finding suggests
that accurate pretest probability estimation, whether by
symptoms or by medical history, will be useful in future

studies of the impact of therapy in populations with elevated
PLMI. Including quality-of-life benefits of treating PLMS,
which were omitted here because we assumed the PLMS to
be occult, would be predicted to further favor testing from
a cost-effectiveness perspective.

Limitations

Our study has several important limitations that could be
addressed in future studies. We used data obtained from single
nights of PSG, while it is likely that night variability occurs
in PLMS. This could have reduced our power to find corre-
lations with clinical or demographic factors, due to single-
night sampling for assigning PLMS status. A related issue
to clinical prediction is that symptoms and medicines were
self-reported via simple questionnaire, rather than obtained
in structured interview settings or with additional validation
steps. Medication lists also do not capture reasons for therapy
or compliance with therapy, which might also contribute to
heterogeneity. Additionally, our clinical questionnaire only
asks about a subset of medical and psychiatric disorders,
and the responses are self-reported. Future work based on
validation by electronic records can validate these items and
explore more deeply the potential relationships. Our clinical
laboratory is part of a tertiary referral center, and thus, the
results may not generalize. Finally, with respect to the model-
ing, several simplifying assumptions were implemented and
require further experimental investigation, most importantly,
the risk reduction conferred by dopaminergic agents.
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Supplementary materials

Table S| Assessment of PLMI and LMAI per categorical variable

Variables No-OSA Dx-OSA Rx-OSA
PLMI LMAI PLMI LMAI PLMI LMAI

Sex

Female 3.40 0.90 3.60 1.20 4.55 1.30

Male 5.60% 1.40 4.40 1.00 10.60%* 2.30*
Leg jerk

Yes 8.60%* 2.80% 7.60 1.50 - -

No 3.50 1.00 3.70 1.00 - -
Smoking

Yes 4.75 1.10 4.70 1.10 - -

No 4.10 1.10 3.90 1.05 - -
Psych meds

Yes 6.05 1.45 6.00% 1.30 - -

No 2.80 1.00 3.60 1.00 - -
Sleeping pills

Yes 5.25 1.20 4.00 0.90 - -

No 3.50 1.10 3.85 1.25 - -
RLS/PLMS meds

Yes 6.25 1.30 3.30 0.60 - -

No 4.00 1.10 3.95 I.10 - -
Stimulants

Yes 6.60 1.85 3.40 0.75 - -

No 3.60 1.00 3.90 1.10 - -
HTN?

Yes 6.50% 0.90 5.00 1.30 - -

No 3.65 1.20 3.30 1.00 - -
RLS®

Yes 6.20%* 1.90%* 5.65 1.10 - -

No 3.50 1.00 3.70 1.00 - -
Caffeine®

Yes 3.50 1.00 4.10 1.00 - -

No 5.40 1.45 3.60 1.35 - -
Notes: PLMI and LMAI are median values. P-values are via Wilcoxon rank sum test and are not corrected for multiple comparisons. —, Information was derived from

questionnaires given at diagnostic PSG nights only. *Either self-reported HTN or listed anti-HTN medication. "Any RLS symptom. “Any caffeine intake. *P-values between

0.01 and 0.05. **P-values <0.01.

Abbreviations: PLMI, periodic limb movement index; LMAI, limb movement arousal index; OSA, obstructive sleep apnea; Psych meds; psychiatric medications; RLS, restless
legs syndrome; PLMS, periodic limb movements of sleep; meds, medications; HTN, hypertension.
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Table S2 Spearman’s correlation analysis for PLMI and LMAI per OSA status

Variables No-OSA Dx-OSA

PLMI LMAI PLMI LMAI

r 95% ClI r 95% CI r 95% CI r 95% CI
Age 0.25%* 0.12 0.37 0.16* 0.03 0.29 0.27%* 0.19 0.36 0.23** 0.13 0.31
Sex 0.14* 0.01 0.27 0.09 —0.04 0.23 0.06 —-0.03 0.16 —-0.05 -0.14 0.05
ESS 0.04 -0.09 0.17 0.09 —-0.04 0.22 —-0.02 —0.11 0.07 —0.002 -0.09 0.09
BMI -0.02 —-0.15 0.12 —-0.08 —-0.21 0.06 —-0.03 -0.12 0.06 —-0.02 —0.11 0.07
Leg jerks 0.2 1%* 0.08 0.34 0.17* 0.03 0.29 0.07 —-0.03 0.16 0.05 —0.05 0.14
Smoking —0.008 —0.14 0.13 -0.02 -0.16 0.12 —0.004 —-0.09 0.09 —-0.02 —0.11 0.07
Psych meds 0.11 —-0.02 0.25 0.11 —-0.03 0.24 0.09* 0.003 0.19 0.06 -0.03 0.15
Sleeping pills —-0.02 —-0.15 0.11 —-0.05 —-0.18 0.09 0.02 —-0.08 0.11 —-0.03 —0.13 0.06
RLS/PLMS meds 0.03 —-0.10 0.17 —0.002 —-0.14 0.13 0.01 —-0.08 0.11 —-0.02 —0.11 0.08
Stimulant 0.09 —0.04 0.23 0.05 -0.09 0.18 -0.01 -0.09 0.08 0.01 —-0.08 0.11
HTN? 0.15% 0.01 0.28 0.05 —-0.09 0.18 0.07 —-0.02 0.17 0.06 —-0.03 0.15
RLSP 0.20%* 0.07 0.33 0.14* 0.002 0.27 0.05 —-0.04 0.14 0.03 -0.06 0.12
Caffeine® —-0.06 —-0.19 0.08 —-0.08 -0.21 0.06 0.02 -0.07 0.11 —-0.05 —0.14 0.04

Notes: *Either self-reported HTN or listed anti-HTN medication. YAny RLS symptom. “Any caffeine intake. *P-values between 0.01 and 0.05. **P-values <0.01.
Abbreviations: PLMI, periodic limb movement index; LMAI, limb movement arousal index; OSA, obstructive sleep apnea; Cl, confidence interval; BMI, body mass index;
Psych meds; psychiatric medications; RLS, restless legs syndrome; PLMS, periodic limb movements of sleep; meds, medications; HTN, hypertension.

Table S3 Spearman’s correlation analyses for age with multiple covariates

Variables No-OSA Dx-OSA

r P-value Lower Upper r P-value Lower Upper

(a=0.05) 95% CI 95% CI (0=0.05) 95% CI 95% ClI

Sex -0.02 0.79 —0.15 0.12 -0.04 0.40 —-0.13 0.05
ESS -0.05 0.49 —0.19 0.09 -0.14 0.002 -0.23 -0.05
BMI 0.10 0.14 —0.03 0.23 -0.22 <0.0001 -0.31 —0.13
Leg jerks 0.08 0.26 —0.06 0.21 0.0l 0.82 —-0.10 0.08
Smoking 0.03 0.64 —-0.10 0.17 -0.03 0.55 —-0.12 0.07
Psych meds 0.08 0.28 —0.06 0.21 0.03 0.59 —-0.07 0.12
Sleeping pills 0.04 0.52 —0.09 0.18 0.02 0.67 —0.07 0.11
RLS/PLMS meds 0.17 0.01 0.04 0.31 0.03 0.54 —0.06 0.12
Stimulant —0.11 0.12 —-0.24 0.03 -0.04 0.36 -0.14 0.05
HTN: 0.32 <0.0001 0.19 0.43 0.18 0.0001 0.09 0.27
RLS® 0.16 0.02 0.02 0.29 -0.02 0.66 —0.11 0.07
Caffeine* 0.12 0.08 —0.01 0.26 0.06 0.25 —0.04 0.15

Notes: *Either self-reported HTN or listed anti-HTN medication. PAny RLS symptom. “Any caffeine intake. Bold values indicate statistical significance, P<0.05.
Abbreviations: OSA, obstructive sleep apnea; Cl, confidence interval; BMI, body mass index; Psych meds; psychiatric medications; RLS, restless legs syndrome; PLMS,

periodic limb movements of sleep; meds, medications; HTN, hypertension.
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Predicting periodic limb movements

Table S4 Spearman’s correlation analyses for sex with multiple covariates (M=1, F=0)

Variables No-OSA Dx-OSA

r P-value Lower Upper r P-value Lower Upper

(a=0.05) 95% ClI 95% ClI (a=0.05) 95% ClI 95% ClI

ESS —0.03 0.65 —0.17 0.10 -0.02 0.67 —0.11 0.07
BMI —-0.14 0.05 -0.27 —0.001 -0.21 <0.0001 -0.29 —-0.11
Leg jerks 0.08 0.24 —-0.05 0.22 —-0.09 0.06 —-0.18 0.004
Smoking 0.03 0.64 —-0.10 0.17 0.05 0.32 —-0.05 0.14
Psych meds —0.12 0.07 -0.26 0.01 —0.15 0.002 -0.23 —-0.05
Sleeping pills —-0.09 0.19 -0.22 0.05 —0.04 0.45 —-0.13 0.06
RLS/PLMS meds —0.13 0.06 —-0.26 0.01 0.03 0.48 —-0.06 0.13
Stimulant —-0.03 0.64 —-0.17 0.10 0.03 0.58 —-0.07 0.12
HTN® —-0.01 0.84 —0.15 0.12 —-0.04 0.35 —0.14 0.05
RLS® 0.01 091 -0.13 0.14 —0.12 0.02 -0.21 0.02
Caffeine® —0.002 0.98 —-0.14 0.13 —-0.02 0.72 —0.11 0.08

Notes: *Either self-reported HTN or listed anti-HTN medication. "Any RLS symptom. <Any caffeine intake. Bold data represent significant P values.
Abbreviations: OSA, obstructive sleep apnea; Cl, confidence interval; BMI, body mass index; Psych meds; psychiatric medications; RLS, restless legs syndrome; PLMS,
periodic limb movements of sleep; meds, medications; M, male; F, female; HTN, hypertension.

Table S5 Spearman’s correlation analyses for BMI with multiple covariates

Variables No-OSA Dx-OSA
r P-value Lower Upper r P-value Lower Upper
(0=0.05) 95% CI 95% ClI (0=0.05) 95% ClI 95% ClI
ESS -0.02 0.78 —0.15 0.12 0.0l 0.77 —-0.08 0.11
Leg jerks —0.11 0.11 —0.24 0.02 0.02 0.62 —-0.07 0.12
Smoking 0.08 0.25 —0.06 0.22 —-0.02 0.68 —0.11 0.07
Psych meds 0.04 0.53 -0.09 0.18 0.07 0.14 —-0.02 0.16
Sleeping pills 0.08 0.25 —0.06 0.21 -0.04 0.43 —-0.13 0.06
RLS/PLMS meds 0.03 0.67 —0.11 0.16 0.08 0.09 —0.01 0.17
Stimulant -0.01 0.92 —0.14 0.13 0.02 0.62 —0.07 0.12
HTN® 0.17 0.02 0.03 0.29 0.04 0.38 —-0.052 0.13
RLS® 0.0l 0.89 -0.13 0.15 0.13 0.01 0.04 0.22
Caffeine* 0.0l 0.83 —0.12 0.15 0.08 0.08 —0.01 0.17

Notes: “Either self-reported HTN or listed anti-HTN medication. "Any RLS symptom. ‘Any caffeine intake. Bold data represent significant P values.
Abbreviations: BMI, body mass index; OSA, obstructive sleep apnea; Cl, confidence interval; Psych meds; psychiatric medications; RLS, restless legs syndrome; PLMS, periodic

limb movements of sleep; meds, medications; HTN, hypertension.
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