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Study Objectives: Insomnia, which is the most common sleep disorder, is a significant public health burden. Growing evidence suggests the existence of a 
relationship between insomnia and hypertension. The aim of this study was to verify the hypothesis that periodic limb movements in sleep (PLMS) are related 
to increased nocturnal blood pressure (BP) values in patients with insomnia.
Methods: We retrospectively analyzed polysomnographic recordings of patients with insomnia who were seen in our clinic from January to December 2012. 
Patients were divided into two groups based on their nocturnal BP values: group I had normal nocturnal BP values (n = 27) and group II (n = 29) had elevated 
nocturnal BP values. The sleep architecture of the groups was compared.
Results: The groups did not differ in terms of age, sex, or the prevalence of cardiovascular disorders. However, we found that the number of PLMS was 
significantly higher in group II than in group I (PLMS index: 18.8 vs. 6.5; p = 0.01).
Conclusions: Our results suggest that PLMS are related to increased nocturnal BP values in patients with insomnia, which may partly explain the 
relationship between insomnia and hypertension. Therefore, it is possible that treatment of PLMS may normalize nocturnal BP in patients with insomnia.
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INTRODUCTION

Insomnia, which is the most common sleep disorder with a 
prevalence ranging from 3.4% to 19.1%, depending on the di-
agnostic criteria and population studied,1–4 is a significant pub-
lic health burden. Moreover, a number of recent studies have 
found a relationship between insomnia and the prevalence of 
hypertension.5–7 Specifically, patients with insomnia with short 
sleep durations or hyperarousal have an increased risk of hy-
pertension, which may be explained by hypercortisolemia or 
increased sympathetic activity associated with insomnia.8,9

Nocturnal blood pressure (BP) values have gained attention 
recently because it has been shown that high nocturnal BP val-
ues, especially the lack of a day-to-night dip in BP, are related 
to increased cardiovascular risk.10 Therapeutic interventions 
targeted toward decreasing nocturnal BP values should im-
prove the cardiovascular risk profile. Thus, all possible factors 
contributing to the increase in nocturnal BP values need to be 
identified and then eliminated.

Periodic limb movements in sleep (PLMS) are stereotypi-
cal, repetitive movements of the lower limbs that appear dur-
ing sleep. PLMS consist of dorsiflexion of the toes and ankle 
accompanied by flexion of the knee and sometimes of the hip. 
Clinically, PLMS resemble the Babinski sign. PLMS last from 
0.5 to 10 s and appear in a series of at least four movements 
with an interval of 5 to 90 s between movements.11,12 Some 
of these movements are associated with cortical arousal and 
are called periodic limb movements with arousal (PLMS-A). 
Interestingly, studies have shown a higher frequency of PLMS 
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in patients with insomnia.13,14 Furthermore, a significant in-
crease in the BP values following PLMS has been observed in 
both patients with restless legs syndrome (RLS) and healthy 
subjects.15–17 However, although relationships between in-
somnia and hypertension as well as between PLMS and in-
creased nocturnal BP values have been shown, to the best of 
our knowledge, no studies have analyzed whether the pres-
ence of PLMS in patients with insomnia is associated with 
increased nocturnal BP values in this population. Therefore, 
the aim of this study was to verify the hypothesis that the 
numbers of PLMS and PLMS-A, as measured by the periodic 
leg movements in sleep index (PLMS-I, the number of PLMS 
per hour of sleep) and periodic leg movements in sleep with 
arousal index (PLMSA-I, the number of PLMS-A per hour of 
sleep), respectively, are associated with nocturnal BP values 
in patients with insomnia.

BRIEF SUMMARY
Current Knowledge/Study Rationale: Epidemiologic data show 
that insomnia is related to an increased risk of hypertension and 
polysomnographic data show that periodic limb movements lead 
to an increase in blood pressure. The purpose of this study was to 
verify whether periodic limb movements are related to increased 
nocturnal blood pressure values in patients with insomnia.
Study Impact: Periodic limb movements may be a treatable cause 
of increased blood pressure in patients with insomnia. Therefore, 
treatment of periodic limb movements is one possible method by 
which to decrease blood pressure in patients with insomnia, leading 
to an improvement in the vascular risk profile of this population.
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METHODS

We performed a retrospective analysis of the clinical and poly-
somnographic data from all patients diagnosed with insomnia 
at the Vitalmed Helsinki Sleep Clinic between January and 
December 2012. Patients initially presented to the study with 
complaints of difficulty in initiating or maintaining sleep or 
too early awakenings leading to impairment in daytime func-
tioning. Patients were diagnosed with insomnia according to 
the criteria in the International Classification of Sleep Dis-
orders, 2nd edition.18 Patients suffering from insomnia for at 
least one year and declaring no more than 7 hours of sleep per 
night were included in the study. All patients underwent an 
interview with a sleep specialist. Subjects with symptoms sug-
gesting a different or comorbid sleep disorder, such as restless 
legs syndrome, violent behavior during sleep, sleepwalking, 
sleep attacks, and/or excessive daytime sleepiness, were not 
included in the analysis. Body mass index (BMI), self-reported 
comorbid conditions (e.g., hypertension), and medication in-
take were also collected for each patient. Patients with mental 
illness were included in the study only when no temporal rela-
tionship between the psychiatric symptoms and sleep disorders 
was found. Patients with an apnea-hypopnea index (AHI) ≥ 5, 
as determined by PSG, were excluded from the analysis.

Patients underwent PSG for a single night. Patients were 
free of any therapies that could potentially disrupt sleep archi-
tecture. Treatments for other conditions, including drugs for 
hypertension, were stable for ≥ 2 weeks preceding the PSG. 
All PSG recordings were performed with the SOMNOscreen 
plus PSG system (Somnomedics, Randersacker, Germany). 
Data were collected from 22:00 to 06:00 in all patients. Sleep 
recordings included 4 electroencephalography leads, 2 bilat-
eral electrooculogram leads, bilateral chin electromyographic 
leads (EMG), and 2 surface EMG leads placed on the left and 
right anterior tibialis muscles (to record periodic limb move-
ments during both sleep and wakefulness). Respiration was 
recorded via a nasal cannula, thoracic and abdominal strains, 
and finger oximetry. Electrocardiograms were recorded via a 
single precordial lead.

The PSG recording included beat-to-beat BP measurements 
that were performed automatically, via measurement of the 
pulse transit time.19 The BP measurements were collected 
continuously (beat-to-beat) across the whole recording period 
from “lights-off” to “lights-on.” These measurements were 
noninvasive and did not disturb sleep. The average value of all 
measurements across the recording period is referred to here 
as the “nocturnal blood pressure,” which includes values of 
BP recorded during both sleep and wakefulness periods dur-
ing the night. BP values measured during PSG-defined peri-
ods of sleep were also averaged and are referred to here as the 

“sleep blood pressure.” Prior to the start of the PSG recording, 
the BP value measured from the PSG system was calibrated 
against a single traditional manual measurement of BP via a 
cuff sphygmomanometer.

The PSG recordings were scored according to the American 
Academy of Sleep Medicine guidelines.20 The following sleep 
parameters were calculated: total sleep time (TST); sleep ef-
ficiency; latency to stages 1, 2, slow wave sleep (SWS), and 

REM sleep; duration of stages 1, 2, SWS, and REM; sleep 
stage change index (number of transitions between the sleep 
stages per hour of sleep); wake index (number of awakenings 
per hour of sleep); duration of wake after sleep onset (WASO); 
apnea-hypopnea index (AHI); PLMS index (PLMS-I); and 
PLMS-A index (PLMSA-I).

After the initial nocturnal BP value analysis, patients were 
divided into 2 groups: group I contained patients (n = 27) with 
normal mean nocturnal BP (systolic blood pressure (SBP) < 125 
mm Hg and diastolic blood pressure (DBP) < 75 mm Hg, in 
accordance with the American Society of Hypertension posi-
tion paper21); group II contained patients (n = 29) with elevated 
mean nocturnal BP (SBP ≥ 125 mm Hg or DBP ≥ 75 mm Hg). 
Demographic and clinical data and sleep parameters were then 
compared between the 2 groups. Statistical comparisons be-
tween the groups were performed using χ2 tests (categorical 
variables) or t-tests (continuous variables). A p value less than 
0.05 was considered statistically significant.

The protocol for this study was approved by the Independent 
Bioethical Committee for Scientific Research at the Medical 
University of Gdansk.

RESULTS

PSG recordings from 56 patients with insomnia were ana-
lyzed. Patient demographic and clinical data are presented in 
Table 1. The groups did not differ significantly in terms of age, 
sex, or the presence of comorbidities, but differed significantly 
in terms of nocturnal BP values. Patients in group II exhib-
ited higher nocturnal SBP (nocturnal: 106.6 ± 8.3 mm Hg vs. 
128.0 ± 14.5 mm Hg; p < 0.0005; sleep only: 105.9 ± 8.5 mm 
Hg vs. 127.2 ± 13.8 mm Hg; p < 0.0005) and DBP (nocturnal: 
64.5 ± 12.7 mm Hg vs. 81.5 ± 8.3 mm Hg; p < 0.0005; sleep 
only: 66.2 ± 5.2 mm Hg vs. 81.3 ± 8.3 mm Hg; p < 0.0005) 
values compared to patients in group I (Table 2).

Patients from group II exhibited significantly higher PLMS-
I (18.8 ± 25.3 vs. 6.5 ± 11.3; p = 0.01) and PLMSA-I (3.2 ± 4.7 vs. 
1.4 ± 2.1; p = 0.04) values than did patients in group I. More-
over, patients in group II had more WASO (95.0 ± 64.9 min vs. 
67.4 ± 50.3 min; p = 0.04) than patients in group I. No other dif-
ferences in sleep architecture between the groups were found. 
Sleep architecture data are presented in Table 3.

DISCUSSION

In this study, nearly one-third of the patients with insomnia in-
cluded in our study suffered from hypertension. Furthermore, 
half of the patients with insomnia exhibited increased noctur-
nal BP. Patients with high BP values also had more PLMS and 
PLMS-A. No other differences in sleep architecture between 
groups was observed except for slightly more WASO in the 
patients with increased nocturnal BP values. The groups did 
not differ in terms of age, sex, BMI, or the prevalence of car-
diovascular disorders.

Several published studies have found that insomnia is as-
sociated with increased risk for hypertension. For instance, 
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Vgontzas et al.7 found that hypertension is more prevalent in 
patients with insomnia. Specifically, the multivariate logis-
tic regression analysis performed in that study revealed that 
insomnia was associated with a significantly higher risk for 
hypertension, with an odds ratio (OR) ranging from 2.41 to 
2.76. Moreover, the authors found that insomnia combined 
with an objective short sleep duration led to a five-fold higher 
risk for hypertension.7 Fernandez-Mendoza et al.5 performed 
a prospective study on 786 subjects and found that chronic 
insomnia was significantly associated with an increased risk 
of developing hypertension (OR ranging from 2.24 to 2.66). 
Insomnia combined with short sleep duration was associated 

with a significantly increased risk of developing hypertension 
during the follow-up (OR ranging from 3.75 to 4.50).5 Addi-
tionally, Li et al.6 showed that insomnia combined with physi-
ological hyperarousal led to a three-to-fourfold increase in the 
risk of hypertension. Meng et al.,22 after performing a meta-
analysis of 11 prospective cohort studies, concluded that short 
sleep duration and symptoms of insomnia increased the risk 
of hypertension. Our finding that hypertension was present 
in 28.6% of patients with insomnia in our cohort is consistent 
with these studies.

An increased risk of hypertension in patients with insom-
nia may be related to the higher values of nocturnal BP and a 

Table 1—Demographic and clinical data of all patients included in the study and patients in group I (normal nocturnal blood 
pressure) and group II (elevated nocturnal blood pressure).

Population of the study (n = 56) Group I (n = 27) Group II (n = 29) p
Age (mean ± SD; years) 43.0 ± 13.5 40.1 ± 14.5 45.6 ± 12.2 NS
Gender (males/females) 27/29 15/12 12/17 NS
BMI (mean ± SD; kg/m2) 26.2 ± 5.0 25.5 ± 4.3 26.8 ± 5.6 NS
Hypertension (%) 28.6 29.6 27.6 NS
Coronary heart disease (%) 1.8 0 3.4 NS
Cardiac arrhythmia (%) 8.9 3.7 13.8 NS
Diabetes mellitus (%) 3.6 3.7 3.4 NS
Hypercholesterolemia (%) 14.3 7.4 20.7 NS
Depression (%) 35.7 25.9 44.8 NS

SD, standard deviation; NS, not significant; BMI, body mass index; p, p value for comparisons between Group I and Group II.

Table 2—Values of nocturnal blood pressure in groups I and II.
Group I Group II p

SBP in night (mean ± SD; mm Hg) 106.6 ± 8.3 128.0 ± 14.5 < 0.0005
SBP in sleep (mean ± SD; mm Hg) 105.9 ± 8.5 127.2 ± 13.8 < 0.0005
DBP in night (mean ± SD; mm Hg) 64.5 ± 12.7 81.5 ± 8.3 < 0.0005
DBP in sleep (mean ± SD; mm Hg) 66.2 ± 5.2 81.3 ± 8.3 < 0.0005

SBP, systolic blood pressure; SD, standard deviation; DBP, diastolic blood pressure.

Table 3—Sleep parameter data from patients in groups I and II.
Group I Group II p

TST (mean ± SD; minutes) 405.9 ± 72.8 371.5 ± 88.0 0.06
Sleep efficiency (mean ± SD; %) 79.3 ± 11.2 75.3 ± 14.0 0.12
Sleep latency (mean ± SD; minutes) 35.5 ± 36.1 21.7 ± 23.7 0.05
Wake Index (mean ± SD) 4.5 ± 3.0 5.6 ± 2.5 0.07
WASO (mean ± SD; minutes) 67.4 ± 50.3 95.0 ± 64.9 0.04
AHI (mean ± SD) 1.5 ± 1.3 1.3 ± 1.3 0.30
PLMS-I (mean ± SD) 6.5 ± 11.3 18.8 ± 25.3 0.01
PLMSA-I (mean ± SD) 1.4 ± 2.1 3.2 ± 4.7 0.04
Arousal Index (mean ± SD) 14.7 ± 8.3 16.9 ± 9.1 0.17
S1 (mean ± SD, % TST) 15.2 ± 7.9 17.8 ± 8.3 0.11
S2 (mean ± SD, % TST 71.9 ± 118.3 48.0 ± 8.6 0.14
SWS (mean ± SD, % TST 14.5 ± 8.5 15.3 ± 5.6 0.32
REM (mean ± SD, % TST 20.4 ± 6.9 18.4 ± 7.1 0.14

TST, total sleep time; SD, standard deviation; WASO, wake after sleep onset; AHI, apnea-hypopnea index; PLMS-I, periodic limb movements in sleep index; 
PLMSA-I, periodic limb movements in sleep with arousal index; S1, stage 1; S2, stage 2; SWS, slow wave sleep; REM, rapid eye movement.
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lack of the nocturnal BP dip in patients with insomnia. Lan-
franchi et al.23 found that patients with insomnia had signifi-
cantly higher nocturnal SBP and blunted nocturnal dips in 
SBP compared to good sleepers. Higher BP was also associ-
ated with higher activity in the beta frequency band, which is a 
neurophysiological feature of cortical activation, on electroen-
cephalographs recorded from patients with insomnia. Interest-
ingly, in that study, only two significant differences in sleep 
architecture between patients with insomnia and good sleep-
ers were observed: good sleepers had slightly higher PLMS-I 
values and a higher percentage of REM sleep.23 In our study, 
we found that half of the patients with insomnia had increased 
nocturnal BP values, which is in consistent with the observa-
tions of Lanfranchi et al.

Several studies have reported relationship between in-
creased nocturnal BP values and altered sleep architecture. 
For example, Loredo et al.24 found that the percentage of stage 
4 sleep was positively correlated with the nocturnal BP dip, 
whereas the percentage of WASO was negatively correlated 
with the nocturnal BP dip. The authors concluded that deeper 
and less fragmented sleep is associated with the nocturnal BP 
dip.24 Moreover, Pedullà et al.25 found that hypertensive pa-
tients with higher nocturnal BP values (i.e., non-dippers) had 
lower percentages of stage 4 sleep and more microarousals. 
From these results, the authors concluded that the lack of a 
nocturnal dip is associated with central sympathetic hyperac-
tivity, which alters sleep.25 Carrington et al.26 also found that 
repetitive arousals were associated with increases in nocturnal 
BP. Together these studies suggest that more microarousals are 
associated with higher (i.e., non-dipped) BP values. Our find-
ing that patients with insomnia with high nocturnal BP values 
have more PLMS and PLMS-A is consistent with these studies, 
as PLMS are associated with arousals during sleep.

Our observation that a higher number of PLMS was associ-
ated with higher nocturnal BP values is also consistent with 
the studies that have analyzed the relationship between PLMS 
and BP. For example, Siddiqui et al.15 found that both PLMS 
and PLMS-A are followed by a significant increase in SBP and 
DBP in patients with RLS. In particular, increases in BP were 
highest after PLMS-A (which are comparable to respiratory-
related leg movements).15 Similar results were obtained by Pen-
nestri et al.16 who also observed a significant increase in BP 
following PLMS and PLMS-A in patients with RLS. In that 
study, the mean increase in SBP was 25 mm Hg after PLMS-A 
and 18 mm Hg after PLMS and the mean increase of DBP was 
12.6 mm Hg after PLMS-A and 9.0 mm Hg after PLMS.16 A 
recent study has shown that this increase in SBP and DBP fol-
lowing PLMS and PLMS-A is present not only in patients with 
RLS, but also in healthy subjects although the magnitude of 
increase is less in healthy subjects than in patients with RLS.17 
These findings suggest that patients with PLMS are exposed 
to serial, significant increases in BP during the night, which 
may lead to overall higher nocturnal BP values and blunted 
nocturnal dipping. In this context, our finding that patients 
with insomnia with increased nocturnal BP values have higher 
indices of PLMS and PLMS-A is not surprising. It should be 
noted, however, that PLMS are not a risk factor for developing 
insomnia and do not lead to an increase in insomnia severity. 

Nevertheless, PLMS are present in some patients with insom-
nia and thus may have an impact on the course of nocturnal 
sleep. Our results suggest that their presence influences noc-
turnal fluctuations in BP.

Our study has several limitations. First, the PSG study was 
conducted in a sleep laboratory; sleeping in such an unnatural 
environment may alter both sleep and BP. However, labora-
tory-based PSG recordings allowed us to collect continuous 
beat-to-beat measurements of BP throughout the night without 
interfering with the patient’s sleep. Thus, we can be confident 
that our PSG measurements are representative of the natural 
fluctuations in BP across the night. Second, we did not perform 
a 24-hour BP measurement. Thus, we were unable to analyze 
circadian BP patterns, and cannot draw conclusions regarding 
the relationship between the number of PLMS and the pres-
ence of the nocturnal BP dip in patients with insomnia. Third, 
the sample size in our study was small. However, we used 
strict criteria to select cases, which eliminated the potential 
for overlap of other sleep disorders. Thus, our findings are rep-
resentative of patients with insomnia without comorbid sleep 
disorders. Although our sample size was sufficient to draw sig-
nificant conclusions, a larger sample size would strengthen our 
findings. Fourth, we did not include insomnia scales or sleep 
diaries in this study. Future studies should include additional 
clinical data to provide a more complete picture of insom-
nia. Variables such as severity of insomnia, type of insomnia 
(i.e., differentiation between patients with difficulty in initiat-
ing sleep from patients with difficulty in maintaining sleep) 
should be considered in conjunction with PSG parameters. Fu-
ture studies should also consider the biological background of 
insomnia, e.g., assessment of the patient’s hormonal status, to 
further examine connections between insomnia, sleep archi-
tecture and BP.

Our conclusion that patients with insomnia with increased 
nocturnal BP values have more PLMS adds new evidence in 
support of the relationship between insomnia and BP. This re-
lationship needs to be precisely determined in future studies, 
given the prevalence of insomnia and the clinical significance 
of hypertension. Further studies confirming our results may 
lead to therapeutic trials that focus on normalizing nocturnal 
BP via the treatment of PLMS.

ABBRE VI ATIONS

AHI, apnea-hypopnea index
BMI, body mass index
BP, blood pressure
DBP, diastolic blood pressure
EMG, electromyography
NS, not significant
OR, odds ratio
PLMS, periodic limb movements in sleep
PLMS-A, periodic limb movements in sleep with arousal
PLMS-I, periodic limb movements in sleep index
PLMSA-I, periodic limb movements is sleep with arousal index
PSG, polysomnography
REM, rapid eye movements
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RLS, restless legs syndrome
SBP, systolic blood pressure
SD, standard deviation
SWS, slow wave sleep
TST, total sleep time
WASO, wake after sleep onset
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