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Objective  To elucidate the association between periodic limb movements in sleep (PLMS) and mortality.

Methods Nocturnal polysomnographic recordings of 1,344 subjects obtained from 1995 to 2008 were reviewed. The subjects were di-
vided into four groups based on PLMS and insomnia: reference group (PLMS<5), insomnia group (PLMS<5 with insomnia symp-
toms), 5<PLMS<15 group, and the PLMS>15 group. We searched each subject’s Identification Number in the death records from the
Statistics of Korea, the national bureau of statistics, to determine deaths in the cohort that occurred prior to December, 2013. Cox-pro-
portional hazard regression and Kaplan-Meier survival curve analyses were used to compare mortality among the four groups.

Results Hazard ratios (HRs) in the 5<PLMS<15 and PLMS>15 groups were significantly higher than that in the reference group be-
fore adjusting for age and gender [HR, 3.37; 95% confidence interval (CI), 1.73-6.55; p<0.001; HR, 5.77; 95% CI, 3.24-10.29; p<0.001].
Only the PLMS>15 group had a higher mortality rate than that in the reference group after adjusting for age, gender, and sleep efficiency

(HR, 1.99; 95% CI, 1.06-2.21; p=0.033).

Conclusion These results suggest that PLMS may be associated with increased mortality.
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INTRODUCTION

Periodic limb movements in sleep (PLMS) are a sleep-re-
lated phenomenon involving repetitive stereotypical flexion
and extension movements of the lower extremities." PLMS
was originally called nocturnal myoclonus, but this term is no
longer used. According to American Academy of Sleep Med-
icine criteria, PLMS are diagnosed if a series of at least four
movements with amplitude =8 uV occurs in a row, lasting
0.5-10 s in duration and recurs every 5-90 s. The Periodic
Limb Movement Index (PLMI), which assesses the frequency
of PLMS, is the number of PLMSs per hour of total sleep time.
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More than five PLMI per hour is considered abnormal accord-
ing to the International Classification of Sleep Disorders first
edition (ICSD-1). However, this cutoff value is not based on
any data, and is ineffective to separate symptomatic from as-
ymptomatic PLMS due to the high prevalence of asymptom-
atic PLMS. Thus, PLMI>15/h in adults and>5/h in children is a
requisite diagnostic criterion for periodic limb movement dis-
order (PLMD) in the ICSD-3. A diagnosis of PLMD requires
polysomnographic (PSG) results, clinical sleep disturbance,
and exclusion of other sleep disorders.

The prevalence of PLMI>15 is 5-8% in adults and increases
with age.>* PLMS is commonly observed in the elderly in the
absence of other sleep disturbances.*” PLMS is detected in
>80% of patients with restless leg syndrome (RLS) on PSG.®
However, PLMS that occur in subjects without RLS, are found
in 25% of individuals undergoing routine nocturnal PSG.”
Although PLMS and RLS can occur independently, their fre-
quent association suggests that they share a common etiolo-
gy’ Despite the close relationship between RLS and PLMS,
previous studies reported that even after adjustment of RLS
symptoms and sleep disturbance, the increased frequency of
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PLMS itself is significantly associated with systolic heart failure
or end-stage renal disease and could independently increase
mortality.'*"" Therefore, our study focused on the direct rela-
tionship between PLMS and mortality, and excluded occur-
rence of RLS or insomnia symptoms as variables. Further-
more, previous studies that investigated the relationship between
PLMS and mortality had small sample sizes (30-218 subjects)
and relatively short observational periods (mean duration,
32.9-48 months)."”"* No study has conducted a long-term in-
vestigation of mortality based on PLMS severity in a popula-
tion with a high incidence of PLMS and in a relatively large
sample. The objective of this study was to elucidate the associ-
ation between PLMS and mortality in patients with PLMS based
on nocturnal PSG, in relatively large sample size and long ob-
servational period.

METHODS

Subjects

We retrospectively reviewed the medical records and PSG
recordings of 4,517 subjects who visited the Center for Sleep
and Chronobiology at Seoul National University Hospital from
April 1995 to December 2008 who were >15-years-old and
underwent full-night PSG. Subjects with obstructive sleep ap-
nea [Apnea-Hypopnea Index (AHI) =5], RBD, or narcolepsy
were excluded from the study. The following criteria were used
to determine the insomnia group: difficulty initiating or main-
taining sleep for at least 3 months; certified psychiatrists’ con-
firmation of insomnia symptoms based on the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition criteria;
maintenance of a AHI<5 and PLMI<5; and no sign of any oth-
er sleep disorder, such as narcolepsy or RBD based on PSG.
Among the patients excluded from the insomnia group, sub-
jects with AHI<5, PLMI<5, and no symptoms of any other
sleep disorder, were included in the reference group. These
subjects were referred for complaints of snoring, sleep distur-
bances or abnormal behaviors during sleep, among other, but
were normal according to PSG. We classified the subjects into
two groups based on the PLMI: PLM group 1 (5<PLMI<15),
which did not meet the ICSD-3 but did meet the ICSD-2 cri-
teria for PLMD and PLM group 2 (PLMI>15). Subsequently,
we investigated the death of these subjects that occurred up to
December 31, 2013. We obtained approval of the Seoul Na-
tional University Institutional Review Board.

Nocturnal polysomnography

All subjects underwent PSG at a sleep laboratory. Sleep
stage, respiratory events, and movement events were scored
by trained sleep technicians and sleep physicians according
to standard criteria. Apnea was defined as a complete or near-
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complete (=90%) cessation of airflow =10 s. Hypopnea was de-
fined as a>30% reduction in the respiratory signal lasting at
least 10 s and associated with oxygen saturation =3% from
the baseline or an arousal. PLMS were defined as at least four
consecutive movements at 25% of the amplitude of resting
legs, lasting 0.5-5 s, and separated by 5-90 s apart. Sleep efhi-
ciency (SE), sleep latency (SL), and wake after sleep onset time
(WASO) were calculated.

Mortality data

We searched for each subject’s Korean Identification Num-
ber and name in the death records from the Statistics of Ko-
rea, the national bureau of statistics, to determine deaths in
the cohort that occurred prior to December 31, 2013. Date of
death and primary cause of death were noted in these records.

Statistical analysis

The subjects’ characteristics were compared with the PLMI
and presence of insomnia using the y* test for categorical vari-
ables and analysis of variance for continuous variables and
the Bonferroni test for post-hoc comparisons. Cox proportion-
al hazard regression analysis was employed to assess the asso-
ciations between PLMI and insomnia and mortality risk; re-
sults were estimated as hazard ratios (HRs) with 95% confidence
intervals (CIs). Unadjusted models and models adjusted for
age, gender, and SE were evaluated. A Kaplan-Meier survival
analysis was conducted to compare survival rates among the
groups. SPSS ver. 21.0 software (SPSS Inc., Chicago, IL, USA)
was used for the analysis. A p-value<0.05 was considered sig-
nificant.

RESULTS

Of the 4,517 subjects, 2,924 had AHI >5, 119 had RBD, and
130 had narcolepsy and were excluded. Finally, the study includ-
ed 1,344 subjects (mean age, 47.0 years; 51.1% male). Among
the 1,344 subjects, 149 (11%) were classified into the PLM group
1 (5<PLMI<15), 217 (16%) were placed in PLM group 2 (PLMI>
15), and 564 (42%) were put in the insomnia group. The in-
somnia group and PLM group 2 (PLMI>15) showed signifi-
cantly lower SE (%) and higher WASO (min) than those of the
reference group. The insomnia group had significantly lon-
ger SL than that in the reference group and PLM group 1 (5<
PLMI<15). All subjects were followed for a mean of 11.8 years
to assess their mortality, from the date of PSG until death or
study termination. Of the 1,344 subjects studied, 110 died dur-
ing the follow-up period (Table 1). Cause of death was cancer
in 35 (31.8%) subjects, trauma in 19 (17.3%), cardiovascular dis-
ease in seven (6.4%), and other causes in 49 (44.5%) subjects.

The HR of all-cause mortality was significantly elevated in
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Table 1. General characteristics of the PLM, insomnia and reference groups
PLM group 1

Reference PLM group 2

(PLMI<5) Insomnia (5<PLMI<I5) (PLMI>15) Total p-value Bonferroni
N 414 564 149 217 1,344
Age 39.1+144 48.0112.2 51.7+12.6 56.41+13.3 47.0t144 <0.001 Ref. <Ins. <1 <2
Gender (male, %) 272 (65.7) 247 (43.8) 70 (47.0) 98 (45.2) 687(51.1)  <0.001 Ref >Ins, 1,2
PLMI 0.5%1.1 0.5£1.0 9.312.9 44.7+37.0 8.6121.9 <0.001 Ref,, Ins. <1 <2
Death (%) 16 (3.9) 34(6.0) 19 (12.8) 41 (18.9) 110(8.2) <0.001 Ref,, Ins.<1,2
Duration (days)  4,313.4%1,542.3 4,561.311,442.3 4,211.6+1,582.4 3,707.9+1,651.5 4,308.4+1,550.6 <0.001 Ref,Ins., 1 >2
SE (%) 81.6t18.6 76.2116.6 77.5%16.7 75.5118.0 77.9+17.6 <0.001 Ref. >Ins., Ref. >2
SL (min) 25.6146.4 42.3157.8 28.6140.4 34.1+46.3 34.3+514 <0.001 Ref. <Ins., Ins. >1
WASO (min) 70.5+£79.7 93.31£69.0 90.81£69.6 95.1£72.0 86.5173.4 <0.001 Ref. <Ins., Ref. <2

(281) (434) (106) (133) (954)

PLM: periodic limb movement, PLMI: periodic limb movement index, SE: sleep efficiency, SL: sleep latency, WASO: wakefulness after sleep

onset time, Ref.: reference, Ins.: insomnia

Table 2. Hazard ratios for all-cause mortality in each group

Groups Model 1 Model 2 Model 3
Hazard ratio (95% CI)  p-value Hazard ratio (95% CI)  p-value Hazard ratio (95% CI)  p-value
Reference (PLMI<5) Reference Reference Reference
Insomnia 1.45 (0.80-2.63) 0.218 0.99 (0.54-1.80) 0.965 0.89 (0.48-1.64) 0.704
PLM group 1 (5<PLMI<15) 3.37 (1.73-6.55) <0.001 1.90 (0.96-3.73) 0.064 1.77 (0.90-3.50) 0.098
PLM group 2 (15<PLMI) 577 (324-1029)  <0.001 2.10 (1.12-3.92) 0.020 1.99 (1.06-2.21) 0.033

Model 1: before adjustments, Model 2: after adjusting for age and gender, Model 3: after adjusting for age, gender, and sleep efficiency. PLM:
periodic limb movement, PLMI: periodic limb movement index, CI: confidence interval

PLM group 1 (5<PLMI<15) and PLM group 2 (PLMI>15).
However, only PLM group 2 (PLMI>15) had a significantly
increased HR (HR, 2.10; 95% CI, 1.12-3.92; p=0.020) after ad-
justing for age and sex. This statistical significance remained
after adjusting for SE (Table 2). The Kaplan-Meier survival
curves are presented in Figure 1. The survival rates of PLM
group 1 (5<PLMI<15) and PLM group 2 (PLMI>15) were sig-
nificantly lower than those in the insomnia and reference groups
(p<0.001); in particular, the survival rate of PLM group 2
(PLMI>15) was significantly lower than that of PLM group 1
(5<PLMI<15) (p=0.048). No difference in survival was found
between the insomnia and reference groups (p=0.474). Mean
survival times (95% CI) for the reference group, insomnia
group, and PLM groups 1 and 2 were 18.1 years (17.8-18.7),
18.0 years (17.7-18.2), 17.0 years (16.2-17.7), and 15.8 years
(15.0-16.6), respectively. The Cox regression analysis indicated
that male sex was not associated with increased all-cause mor-
tality (HR, 1.453; 95% CI, 0.99-2.13; p=0.055), but a high
PLMI was associated with increased all-cause mortality (HR,
1.009; 95% CI, 1.00-1.01; p<0.001) (Table 3).

DISCUSSION

A higher PLMI score was associated with increased all-
cause mortality in this single center-based population who

underwent PSG. Subjects with 5<PLMI<15 and PLMI>15 ex-
perienced respective 3.4- and 5.8-fold increases in all-cause
mortality compared with that of subjects with no sleep disor-
der. However, this association remained significant only in
subjects with PLMI>15 after adjusting for age, gender, and
SE, so an increased PLMI was associated with a 2.1-fold in-
crease in all-cause mortality among subjects with PLMI>15.
No significant association was detected between insomnia
and all-cause mortality.

This is the first study showing an association between the
PLMI and mortality regardless of the presence of medical dis-
ease. Previous studies showed that PLMS is associated with
mortality but was limited to patients with heart and renal
diseases.'”"” In addition, the subjects were only divided into
two groups, such as PLMI<5 and PLMI =>5. Unlike previous
studies, our study subjects were divided into three groups, and
those with 5<PLMI<15 were not associated with increased
mortality after adjusting for age, gender, and SE.

Although the pathophysiology of PLMS is not well defined,
a few studies have demonstrated that PLMS increases the
risk for developing hypertension, heart diseases, renal dis-
ease, and stroke.'”'"*'* One of the hypotheses for the patho-
physiology of PLMS is a dopamine deficit."” Hypofunction of
the dopaminergic pathway may lead to increased sympathet-
ic activity and a subsequently increased risk of developing hy-
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Figure 1. Kaplan-Meier survival curves for all-cause mortality. Ka-
plan-Meier estimated survival rate for all-cause mortality accord-
ing to the PLMI and insomnia. Survival rate was significantly low-
erin group 2 (PLMI>15) than in all other groups (p<0.001). Group
1 (6<PLMI=15) had lower survival rates than those in the insomnia
and reference groups (p=0.001, both). The survival rate did not dif-
fer between the insomnia and reference groups (p=0.474). PLMI:
periodic limb movement index.

Table 3. Hazard ratios of related variables in the entire study popu-
lation (N=1,344)

Variables Hazard ratio (95% CI) p-value
Age 1.076 (1.06-1.09) <0.001
Gender (male) 1.453 (0.99-2.13) 0.055
PLMI 1.009 (1.00-1.01) <0.001

PLMLI: periodic limb movement index, CI: confidence interval

pertension, heart disease, and stroke."* PLMS accompanied
by arousals are associated with transient rises in heart rate and
blood pressure that cause nocturnal hypertension and non-
dipping blood pressure.' Nondipping blood pressure has been
associated with increased cardiovascular morbidity and mor-
tality.”” Thus, PLMS and arousals may be associated with in-
creased mortality. However, we only experienced seven (6.4%)
cardiovascular-cause deaths, and the most common cause of
death was cancer (31.8%). Since most common cause of death
in this study was cancer, we conducted Cox proportional haz-
ard regression analysis between PLM group 2 (PLMI>15) and
reference group, but there are no significant results after ad-
justing for age, sex and SE (HR, 1.16; 95% CI, 0.45-3.02; p=
0.775). All-cause mortality was significantly high among PLM
group 2 (PLMI>15). Possible explanation is involved in the
increased sympathetic activity associated with PLM based on
previous report on the relation of hypertension with renal
cell carcinoma.' In addition, some studies showed that hy-
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pertension could be a risk factor for colorectal, prostate, brain
cancer, and malignant melanoma."

Our results do not establish a causal relationship between
increased PLMS and increased mortality. It is possible that
PLMS is simply associated with disturbed sleep architecture.
Nevertheless, increased PLMS remained a significant risk fac-
tor for mortality after adjusting for SE, suggesting that PLMS
may have contributed to increased mortality regardless of
disturbed sleep architecture. Subjects who do not complain of
difficulty initiating or maintaining sleep but have PLMI>15,
in other words do not meet the diagnostic criteria for PLMD,
should be considered for treatment to reduce PLMS.

Another interesting finding was that only PLMI>15 was as-
sociated with increased mortality, which is a new PLMS level
in the ICSD-3 defining an increase. This means that the ICSD-
3 criteria on PLMS frequency may reflect the adverse effects
of PLMS on individual health better than prior versions of
the criteria.

A limitation of this study is that we collected data from clini-
cal samples instead of the general population, which could
have led to a selection bias. Because our statistical analyses
were based on retrospective review of medical records and
PSG results, information on confounding factors including
medical and psychiatric disorders, ordinary sleep habits and
hypnotics use were limited. Also, despite the close relationship
between RLS and PLM and the fact that diagnosis of PLMD
requires assessment of insomnia or daytime sleepiness symp-
toms, not being able to adjust for such variables is a critical
limitation of this study. Therefore, an extensive study that
compiles statistics on such confounding variables will further
clarify the association between increased PLMS and increased
mortality. Another limitation of this study is that its retrospec-
tive nature precluded recruiting healthy participants for the
control group. Despite these limitations, the large sample size
and the long follow-up period add to the validity of our results.

In conclusion, the results suggest that increased PLMS is
associated with an increased risk of all-cause mortality inde-
pendently of SE and SL. Although our results do not provide
a causal relationship between increased PLMS and increased
mortality, further research is needed to determine the patho-
physiology, clinical progress, and therapeutic effects of PLMS
for decreased mortality.
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