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a b s t r a c t

Introduction: Given conflicting data in the literature, the aim of this study was to examine the risk of high
blood pressure (HBP) associated with sleep alterations, measured during polysomnography, and long-
term use of benzodiazepine receptor agonists in a large sample of individuals with insomnia.
Methods: Demographic and polysomnographic data from 1272 individuals with insomnia recruited from
the research database of the sleep laboratory of Erasme Hospital were analyzed. HBP status was defined
by the presence of one of the following: self-report at interview of either a physician's diagnosis or taking
antihypertensive medication; or an average systolic blood pressure �140 mm Hg or an average diastolic
blood pressure �90 mm Hg at the medical examination. Logistic regression analyses were conducted to
examine the risk of HBP associated with objective sleep alterations and long-term use of benzodiazepine
receptor agonists in individuals with insomnia.
Results: The prevalence of HBP in individuals with insomnia is 30.03%. After adjustment for major
confounding factors associated with HBP, multivariate logistic regression analysis revealed that short
sleep duration (<5 h), severely reduced sleep efficiency (<65%), high sleep fragmentation (sleep frag-
mentation index �18/h), and long-term use of short or intermediate half-life benzodiazepine receptor
agonists were significant risk factors for HBP in individuals with insomnia.
Conclusion: In individuals with insomnia, objective sleep alterations and long-term use of short or in-
termediate half-life benzodiazepine receptor agonists are associated with higher risk of HBP. Therefore,
better management of these reversible risk factors is required to avoid the negative consequences of the
co-occurrence of insomnia and HBP.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

The co-occurrence of insomnia and high blood pressure (HBP) is
very frequent. Indeed, the prevalence of insomnia in individuals
with HBP is estimated at 44.0%, and the prevalence of HBP may
reach 43.1% in individuals with insomnia, in whom it appears to be
more frequent than in the general population (24.1% in men and
20.1% in women) [1,2]. In addition, insomnia is a risk factor for HBP,
whereas HBP is associated with a higher risk of insomnia [3,4]. The
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physiopathology of this particular relationship between insomnia
and HBP is still unknown, although several hypotheses have been
advanced. On one hand, HBP could lead to the development of
insomnia by the use of antihypertensive medications (such as b-
blockers) or by the negative impact of a chronic disease on psy-
chological functioning [5,6]. Conversely, insomnia could induce the
development of HBP via an increase in sympathetic activity, a
dysregulation of the hypothalamicepituitaryeadrenal axis, or an
increase in inflammation [7]. Furthermore, this co-occurrence of
insomnia and HBP is associated with the development of antihy-
pertensive drug resistance, which results in higher cardiovascular
mortality and justifies the establishment of an effective treatment
[8e11]. Thus, it would be noteworthy to study the actual prevalence

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:SecMed.Psy@erasme.ulb.ac.be
mailto:matthieu.hein@erasme.ulb.ac.be
mailto:matthieu.hein@erasme.ulb.ac.be
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sleep.2018.08.030&domain=pdf
www.sciencedirect.com/science/journal/13899457
www.elsevier.com/locate/sleep
https://doi.org/10.1016/j.sleep.2018.08.030
https://doi.org/10.1016/j.sleep.2018.08.030
https://doi.org/10.1016/j.sleep.2018.08.030


M. Hein et al. / Sleep Medicine 53 (2019) 115e123116
of HBP with a larger sample of individuals with insomnia to better
assess the importance of this co-occurrence.

Individuals with insomnia with objective sleep alterations
(short sleep duration, reduced sleep efficiency, or sleep fragmen-
tation) seem to have an increased risk of HBP [12,13] through
several mechanisms (dysregulation of autonomic nervous
system activity, hypothalamicepituitaryeadrenal axis, or pro-
inflammatory mechanisms) [14]. However, in the majority of pub-
lished studies, duration and continuity of sleep are not objectively
measured during polysomnography or actigraphy but are instead
self-reported [15], which may lead to some limitations (methodo-
logical and recruitment bias) [16], Moreover, among the few studies
using polysomnography or actigraphy, there are conflicting results
on the role played by duration and continuity of sleep in the
occurrence of HBP [17e20]. Therefore, we investigated the risk of
HBP associated with objective sleep alterations measured during
polysomnography to better understand the involvement of these
alterations in the pathophysiology of HBP in individuals with
insomnia.

In the general population, it has been demonstrated that long-
term use of benzodiazepine receptor agonists is associated with a
reduction in systolic and diastolic blood pressure [21], which may
be explained by peripheral vasodilatation [22]. Nevertheless, to
avoid the occurrence of deleterious side effects (eg, tolerance,
dependence, or abuse), for the pharmacological management of
insomnia, short-term treatment with short or intermediate half-life
benzodiazepine agonists is recommended as the first-line. Benzo-
diazepine receptor agonists with long half-life must be used in the
second-line [23]. However, despite these risks, the long-term use of
benzodiazepine receptor agonists is frequent, mainly when pre-
scribed for complaints of severe insomnia [24,25]. Thus, it would be
interesting to study the protective or deleterious effects of long-
term benzodiazepine receptor agonist use on the risk of HBP in
individuals with insomnia, which has not yet been studied.

Our first objective was to investigate the prevalence of HBP in
individuals with insomnia. Our second objective was to examine
the risk of HBP associated with objective sleep alterations
measured during polysomnography and long-term use of benzo-
diazepine receptor agonists in this subpopulation. To achieve these
goals, we recruited a large sample of individuals with insomnia and
divided them into a control group without HBP and a patient group
with HBP. The aim of this approach is to provide health pro-
fessionals with reliable data concerning the risk of HBP associated
with objective sleep alterations and long-term benzodiazepine
receptor agonist use. We hoped, as a consequence, to enable better
prevention of this pathology and avoiding the negative conse-
quences related to the co-occurrence of insomnia and HBP in in-
dividuals with insomnia.

2. Methods

2.1. Study population

The 1272 individuals with insomnia were recruited from the
database of the sleep laboratory of Erasme Hospital, which contains
data for 3511 individuals who completed sleep laboratory moni-
toring in the years 2002e2014. In our study, we did not recruit
individuals without insomnia because our objectivewas to focus on
the subpopulation of individuals with insomnia, in whom the co-
occurrence of HBP may have a negative impact on cardiovascular
outcomes.

These individuals with insomnia were referred to the sleep
laboratory by physicians specializing in sleep medicine after an
ambulatory consultation during which a preliminary assessment of
complaints related to sleep, ongoing treatments, and somatic and
psychiatric comorbidities was carried out systematically, making it
possible to conduct a first diagnostic hypothesis. Following this first
assessment, a sleep laboratory was offered to all individuals with
insomnia to exclude the presence of other sleep pathology and to
obtain an objective evaluation of their sleep. Thus, data for only
those individuals with insomnia who accepted the sleep laboratory
are in the database. Moreover, the data obtained during this
ambulatory consultation are systematically checked when the
subjects are admitted to the sleep laboratory.

The inclusion criteria were age �18 years, the presence of
diagnostic criteria A (complaint of difficulty initiating [defined as
sleep latency �30 min at least three times per week] or main-
taining sleep [defined as three or more nocturnal awakenings or a
long nighttime awakening (�30 min) or early morning awakening
(�30 min before the usual time) at least three times per week], or
nonrestorative sleep, for at least one month); and diagnostic
criteria B (sleep disturbance or associated daytime fatigue causing
clinically significant distress or impairment in social, occupational,
or other important areas of functioning) of insomnia from the
Diagnostic and Statistical Manual of Mental Disorders, Fourth
EditioneText Revision (DSM-IV-TR) [26], which allowed us to re-
cruit individuals with insomnia symptoms meeting strict diag-
nostic criteria.

The exclusion criteria included the presence of a major psy-
chiatric disorder (psychotic disorder), presence of uncontrolled
heavy somatic disease (chronic liver disease, chronic pancreatic
disease, chronic pulmonary disease, severe cardiovascular dis-
ease, severe renal disease, autoimmune disease, and pathologies
altering the activity of the hypothalamicepituitaryeadrenal axis
such as Cushing's syndrome), presence of inflammatory or in-
fectious disease, presence or history of cranial trauma, presence or
history of central nervous system injury that could involve res-
piratory centres in the brain, presence or history of craniofacial or
thoracic cavity malformations, current pregnancy, presence of
obstructive sleep apnea syndrome (OSA) already known or course
of treatment before sleep laboratory, presence of periodic limb
movement (PLM) disorder/restless legs syndrome already known
or course of treatment before sleep examinations, presence of
predominantly central apnea syndrome, presence of narcolepsy
or primary hypersomnia, presence of parasomnia, and presence or
history of substance abuse.

2.2. Procedures

2.2.1. Medical and psychiatric evaluation of participants
All individuals upon admission to the sleep laboratory of Erasme

Hospital had their medical records reviewed and a complete so-
matic examination performed, including a blood test, electrocar-
diogram, a daytime electroencephalogram, urinalysis, and a chest
X-ray (only for those individuals >45 years of age). These steps
allowed for a systematic diagnosis of potential somatic pathologies
present in persons admitted to our unit.

HBP status was defined by the presence of one of the following:
self-report at interview of either a physician's diagnosis or taking
antihypertensive medication (including b-blockers, calcium chan-
nel blockers, diuretics, vasodilators, b-blockers with diuretics,
angiotensin-converting enzyme inhibitors, angiotensin-converting
enzyme inhibitors with diuretics, vasodilators with diuretics,
angiotensin type 2 antagonists, or angiotensin type 2 antagonists
with diuretics); or an average systolic blood pressure �140 mm Hg
or an average diastolic blood pressure�90 mmHg according to the
World Health Organization diagnostic criteria [27]. Systolic and
diastolic blood pressures were manually measured by well-trained
nurses at the right arm after 5 min of rest in a sitting position. For
individuals with a systolic blood pressure �140 mm Hg and/or a
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diastolic blood pressure �90 mm Hg, blood pressures were
measured again after an additional 5-min rest period.

Long-term use of benzodiazepine receptor agonists was defined
as the use of benzodiazepines or Z-drugs (zolpidem, zopiclone, or
zaleplon) for at least five days per week for aminimum period of six
months before the sleep examination [28]. Benzodiazepine recep-
tor agonists have been classified as short half-life (<6 h), interme-
diate half-life (6e24 h), and long half-life (>24 h) [29]. This study
included no individuals with occasional or short-term benzodiaz-
epine receptor agonist use because they had been instructed to stop
this treatment at least 15 days prior to the sleep examination.

Patients also benefited on the day of admission from an
appointment with a unit psychiatrist who potentially assigned
psychiatric diagnoses per the DSM-IV-TR criteria [26].

On admission, patients completed a series of self-questionnaires
to assess the severity of their subjective complaints of depression,
poor sleep, and excessive daytime sleepiness as follows:

� The presence of depressive symptoms was investigated using
the Beck Depression Inventory (BDI, reduced to 13 items). This
scale consists of 13 items that can be scored from 1 to 3. The final
score can vary from 0 to 39. A final score of 0e4 indicates an
absence of depression, 5e7 slight depression, 8e15 moderate
depression, and >16 severe depression [30].

� Daytime sleepiness was investigated using the Epworth Sleep-
iness Scale. This scale consists of eight questions that can be
scored from 0 to 3 and assesses sleepiness during different
daytime situations. The final score varies from 0 to 24. A final
score of >10 indicates excessive daytime sleepiness [31].

� The presence of insomnia symptoms was investigated using the
Insomnia Severity Index (ISI). This index consists of seven
questions that can be scored from 0 to 4. The final score can vary
from 0 to 28. A score of 0e7 indicates a lack of insomnia, 8e14
subclinical insomnia, 15e21 moderate insomnia, and 22e28
severe insomnia [32].

To avoidmissing values, individuals who did not respond fully to
these questionnaires were not included in our study.

2.2.2. Sleep evaluation and study
A unit psychiatrist conducted a sleep-specific medical record

systematic review on the day of admission to complete an
assessment of complaints related to sleep, including sleeping
habits, severity of self-reported insomnia complaints (difficulty
falling asleep, repeated nighttime awakenings, early morning
awakening, and nonrestorative sleep), insomnia duration,
symptoms of sleep apnea (snoring and self-reported apneas),
symptoms of restless legs syndrome (drive to move the legs
often, accompanied by abnormal leg sensations; symptom
worsening at rest, that is, sitting; partial or temporary relief by
activity, at least as long as the activity continues; worsening of
the symptoms later in the day or night) [33], and nocturnal
movements (eg, periodic limb movements [PLMs]). Restless legs
syndrome was defined as occasional (<2 episodes/wk) and
frequent (�2 episodes/wk) based on the frequency of episodes
for one week [34]. Insomnia was diagnosed after this appoint-
ment if the diagnostic criteria A and B for insomnia according to
DSM IV-TR [26] were met.

Participants stayed in a sleep laboratory for two nights,
including a first night of habituation and a night of poly-
somnography from which the data were collected for analysis. The
patients went to bed between 22:00 and 24:00 and arose between
6:00 and 8:00, following their usual schedule. During bedtime
hours, the subjects were recumbent and the lights were turned off.
Daytime naps were not permitted.
The polysomnographic recordings from our unit met the
guidelines of the American Academy of Sleep Medicine (AASM)
[35]. The applied polysomnography-montage was as follows: two
electro-oculogram channels, three electroencephalogram channels
(Fz-Ax, Cz-Ax, and Oz-Ax, where Ax was a contralateral mastoid
reference), one submental electromyogram channel, electrocar-
diogram, thermistors to detect the oro-nasal airflow, finger pulse
oximetry, a microphone to record breathing sounds and snoring,
piezoelectric sensors, and leg movement electrodes. In addition,
the applied polysomnography montage also included strain gauges
to measure thoracic and abdominal breathing. Polysomnographic
recordings were visually scored by specialized technicians using
AASM criteria [36] (inter-judge agreement score of 85%).

Objective sleep alterations were defined based on polysomno-
graphic parameters:

� Sleep efficiency was divided into three categories: �85%
(absence of reduced sleep efficiency), 65 and <85% (slightly
reduced sleep efficiency), and <65% (severely reduced sleep
efficiency).

� Total sleep time was divided into three categories: <5 h (short
sleep duration), �5 and <7 h (intermediate sleep duration), and
�7 h (long sleep duration).

� Sleep fragmentation index was divided into two categories:
<18/h (low sleep fragmentation) and �18/h (high sleep frag-
mentation). A sleep fragmentation index was obtained by add-
ing the micro-arousals and awakenings indices.

Apneas were scored if the decrease in airflow was �90% for at
least 10 s and hypopneas were scored if the decrease in airflow
was �30% for at least 10 s with a decrease in oxygen saturation of
3% or followed by a micro-arousal [37]. The apnea�hypopnea
index (AHI) corresponds to the total number of apneas and
hypopneas divided by period of sleep in hours. OSA was consid-
ered absent when AHI was <5/h, mild when AHI was �5 and <15/
h, moderate when AHI was �15 and <29/h, and severe when AHI
was �30/h [38]. PLMs were scored by the following strict criteria:
duration between 0.5 and 10 s, interval between 5 and 90 s from
leg movement onset, and movements had to be part of a series of
�4 consecutive movements meeting these criteria [39]. A PLM
index corresponds to the total number of PLMs divided by period
of sleep in hours. Moderate to severe PLM disorder was present
when PLMs index was �26/h [40].

After the sleep examination, the diagnosis of primary insomnia
was made by a unit psychiatrist when the diagnostic criteria of the
primary insomnia of the DSM-IV-TR [26] were present, which
allowed the realization of the analyses on the particular subpopu-
lation of primary insomnia patients.

2.3. Statistical analyses

Statistical analyses were performed using Stata 14 (StataCorp
LLC, College Station, TX). The normal distribution of the data was
verified using histograms, boxplots, and quantile�quantile plots,
and the equality of variances was checked using the Levene test.

In order to allow our analyses, we subdivided into a control
group without HBP and a patient group with HBP both the whole
sample of individuals with insomnia and the particular subgroup of
primary insomnia patients. Only individuals with a diagnosis of
HBP according to the diagnostic criteria of the World Health Or-
ganization at admission were included in the HBP group.

Categorical data were described with percentages and numbers,
and continuous data were described with means and standard
deviations or as median and P25�P75 (25th to 75th percentile).
Normally distributed variables were analyzed with a t-test. A
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Wilcoxon test or c2 test was used on asymmetric distributed or
dichotomous variables.

Univariate binary logistic regression models were used to study
the risk of HBP associated with objective sleep alterations, long-
term use of benzodiazepine receptor agonists, and potential con-
founding factors. After a review of the literature on risk factors for
HBP in the general population [19,41e49], potential confounding
factors included for this analysis were Epworth Sleepiness Scale
(ESS) score (categorical: �10, >10), ISI score (categorical: <15, �15,
and <22, �22), BDI score (categorical: �4, >4, and <16, �16), BMI
(categorical: <25 kg/m2, �25 and <30 kg/m2, �30 kg/m2), age
(categorical: <30 years, �30 and <50 years, �50 years), alcohol
(categorical: 0 unit/d, �1 and <4 unit/d, �4 unit/d), AHI (categori-
cal: <5/h, �5 and <15/h, �15 and <30/h, �30/h), PLMs index
(categorical: <26/hour, �26/hour), frequency of restless legs syn-
drome (categorical: no, occasional, frequent), insomnia duration
(categorical: 1e5 months, �6 months) and as binary variables
gender, snoring, antidepressant therapy, smoking, caffeine, type 2
diabetes, and hypertriglyceridemia.

In multivariate binary logistic regression models, the risk of HBP
associated with objective sleep alterations, and long-term use of
benzodiazepine receptor agonists was adjusted only for con-
founding factors significantly associated with HBP. These con-
founding factors were entered in a hierarchical way, adjusting for
gender, age, and BMI in model 1, and adding antidepressant ther-
apy, smoking, alcohol, and caffeine in model 2. Model 3 further
included hypertriglyceridemia and type 2 diabetes. Finally, model 4
added snoring, PLM disorder severity, OSA severity, and insomnia
duration.

The adequacy of model 4 was verified by the Hosmer and
Lemeshow test and the specificity of the model by Link test. The
numbers of subjects by risk factors, outliers, and collinearity be-
tween risk factors that may cause problems were been verified.

A p value of <0.05 was considered significant.

3. Results

3.1. Polysomnographic data

Polysomnographic data for the whole sample are available in
Table 1. Compared to those without HBP, individuals with HBP have
a decrease in sleep efficiency, sleep period time, total sleep time,
Table 1
Polysomnographic data of study subjects.

Whole sample (N ¼ 1272) Subjects

SL (min) 24.67 (14.33e42.59) 24.00 (1
SE (%) 79.98 (71.38e86.21) 81.24 (7
SPT (min) 448.74 ± 63.58 451.46 ±
TST (min) 384.67 ± 74.00 392.65 ±
% Stage 1 7.05 (4.63e9.89) 6.83 (4.6
% Stage 2 54.88 ± 10.58 55.24 ±
% SWS 3.48 (0.32e9.54) 4.91 (0.8
% REM 16.82 ± 6.32 17.33 ±
% WASO 11.59 (6.90e18.58) 10.67 (6
REM latency (min) 79.67 (57.00e128.00) 77.00 (5
Number of awakenings 31 (21e46) 31 (21e
Micro-arousal index 7 (5e12) 7 (4e11
Sleep fragmentation index 11.98 (8.72e17.35) 11.49 (8
AHI 2 (1e7) 2 (1e5)
ODI 1 (0e3) 1 (0e2)
Total time <90% of SaO2 (min) 0.50 (0.00e14.17) 0.00 (0.0
PLM index 17.80 (8.66e32.63) 16.96 (8

AHI, apnea�hypopnea index; HBP, high blood pressure; ODI, oxygen desaturation index;
SE, sleep efficiency; SL, sleep latency; SPT, sleep period time; SWS, slow-wave sleep; TS

a Wilcoxon test.
b t-Test.
slow-wave sleep, and rapid eye movement (REM) sleep, whereas
they show an increase in stage 1, wake after sleep onset, REM la-
tency, number of awakenings, micro-arousal index, sleep frag-
mentation index, AHI, oxygen desaturation index, total time under
90% of SaO2, and PLMs index. There are no significant differences
for sleep latency and stage 2.

3.2. Demographic data

Demographic data are provided in Table 2. Male gender, snoring,
antidepressants therapy, type 2 diabetes, hypertriglyceridemia,
caffeine consumption, alcohol consumption, severely reduced sleep
efficiency, short sleep duration, high sleep fragmentation, AHI �5
and <15/h, AHI �15 and <30/h, AHI �30/h, PLMs index �26/h,
insomnia duration �6 months, and long-term use of short or in-
termediate half-life benzodiazepine receptor agonists are more
frequent in individuals with HBP. These individuals also present
with an age/BMI greater than those of the individuals without HBP.
In addition, compared to those without HBP, smoking is less
frequent in individuals with HBP. There was no significant differ-
ence in BDI score, ISI score, ESS score, frequency of restless legs
syndrome, and long-term use of long half-life benzodiazepine re-
ceptor agonists.

3.3. Prevalence of HBP in individuals with insomnia

The prevalence of HBP in our sample of individuals with
insomnia is 30.03% (n ¼ 382) (Table 2).

3.4. Univariate analysis

Results of the univariate analysis are provided in the Sup-
plementary Data. Male gender, snoring, antidepressant therapy,
type 2 diabetes, hypertriglyceridemia, no smoking, alcohol con-
sumption �1 and <4 unit/d, alcohol consumption �4 unit/d,
caffeine consumption, BMI �25 and <30 kg/m2, BMI �30 kg/m2,
age �30 and <50 years, age �50 years, AHI �5 and <15/h, AHI
�15 and <30/h, AHI �30/h, PLMs index �26/h, slightly reduced
sleep efficiency, severely reduced sleep efficiency, short sleep
duration, intermediate sleep duration, high sleep fragmentation,
insomnia duration �6 months, and long-term use of short or
intermediate half-life benzodiazepine receptor agonists were
without HBP (n ¼ 890) Subjects with HBP (n ¼ 382) p

4.00e42.00) 26.00 (14.50e46.50) 0.080a

2.95e86.99) 76.58 (65.65e84.04) <0.001a

61.67 442.40 ± 67.48 0.020b

68.97 366.06 ± 81.70 <0.001b

0e9.46) 7.57 (4.77e11.61) 0.001a

9.87 54.02 ± 12.05 0.061b

0e11.35) 1.30 (0.00e6.20) 0.001a

6.13 15.63 ± 6.60 <0.001b

.31e16.95) 14.14 (8.73e22.48) <0.001a

7.00e122.00) 87.00 (57.42e142.00) 0.019a

45) 32 (22e48) 0.035a

) 9 (5e15) <0.001a

.34e16.11) 13.88 (9.90e21.59) <0.001a

4 (1e14) <0.001a

2 (1e6) <0.001a

0e6.00) 4.33 (0.00e47.50) <0.001a

.57e31.74) 19.52 (8.94e37.58) 0.041a

PLM, periodic limb movement; REM, rapid eye movement; SaO2, oxygen saturation;
T, total sleep time; WASO, wake after sleep onset.



Table 2
Sample description (N ¼ 1272).

Variable Category % Subjects without HBP Subjects with HBP p (c2)

Gender Female (n ¼ 604) 47.48% 50.22% 41.10% 0.003
Male (n ¼ 668) 52.52% 49.78% 58.90%

Snoring No (n ¼ 635) 49.92% 54.94% 38.22% <0.001
Yes (n ¼ 637) 50.08% 45.06% 61.78%

Benzodiazepine receptor agonists No (n ¼ 984) 77.36% 81.01% 68.85% <0.001
Short (n ¼ 129) 10.14% 8.20% 14.66%
Intermediate (n ¼ 85) 6.68% 4.61% 11.52%
Long (n ¼ 74) 5.82% 6.18% 4.97%

Antidepressant therapy No (n ¼ 894) 70.28% 73.03% 63.87% 0.001
Yes (n ¼ 378) 29.72% 26.97% 36.13%

Type 2 diabetes No (n ¼ 1007) 79.17% 86.85% 61.26% <0.001
Yes (n ¼ 265) 20.83% 13.15% 38.74%

Hypertriglyceridemia No (n ¼ 911) 71.62% 76.74% 59.69% <0.001
Yes (n ¼ 361) 28.38% 23.26% 40.31%

Smoking No (n ¼ 981) 77.12% 75.51% 80.89% 0.036
Yes (n ¼ 291) 22.88% 24.49% 19.11%

Alcohol (unit/d) 0 (n ¼ 981) 77.12% 80.90% 68.32% <0.001
�1 and < 4 (n ¼ 251) 19.73% 17.30% 25.39%
�4 (n ¼ 40) 3.15% 1.80% 6.28%

Caffeine No (n ¼ 363) 28.54% 31.24% 22.25% 0.001
Yes (n ¼ 909) 71.46% 68.76% 77.75%

RLS No (n ¼ 878) 69.03% 67.87% 67.73% 0.197
Occasional (n ¼ 203) 15.96% 15.96% 15.97%
Frequent (n ¼ 191) 15.01% 16.18% 12.30%

Reduced sleep efficiency Absent (n ¼ 391) 30.74% 34.27% 22.51% <0.001
Slightly (n ¼ 695) 54.64% 55.28% 53.14%
Severely (n ¼ 186) 14.62% 10.45% 24.35%

Sleep duration Long (n ¼ 416) 32.70% 35.39% 26.44% <0.001
Intermediate (n ¼ 737) 57.94% 58.43% 56.81%
Short (n ¼ 119) 9.36% 6.18% 16.75%

Sleep fragmentation Low (n ¼ 977) 76.81% 82.02% 64.66% <0.001
High (n ¼ 295) 23.19% 17.98% 35.34%

AHI <5 (n ¼ 839) 65.96% 71.80% 52.36% <0.001
�5 and < 15 (n ¼ 258) 20.28% 18.88% 23.56%
�15 and < 30 (n ¼ 84) 6.60% 4.72% 10.99%
�30 (n ¼ 91) 7.15% 4.61% 13.09%

PLMs index <26/h (n ¼ 837) 65.80% 68.54% 59.42% 0.002
�26/h (n ¼ 435) 34.20% 31.46% 40.58%

Insomnia duration 1e5 mo (n ¼ 781) 61.40% 63.26% 57.07% 0.038
�6 mo (n ¼ 491) 38.60% 36.74% 42.93%

HBP No (n ¼ 890) 69.97%
Yes (n ¼ 382) 30.03%

Mean ± SD t Test

BMI (kg/m2) 26.90 ± 5.78 25.60 ± 5.15 29.91 ± 6.03 <0.001
<25 (n ¼ 542) 42.61% 51.69% 21.47%
�25 and < 30 (n ¼ 409) 32.15% 31.69% 33.25%
�30 (n ¼ 321) 25.24% 16.63% 45.29%

Age (y) 44.93 ± 12.28 41.79 ± 11.65 52.25 ± 10.49 <0.001
<30 (n ¼ 182) 14.31% 19.44% 2.26%
�30 and < 50 (n ¼ 667) 52.44% 57.30% 41.10%
�50 (n ¼ 423) 33.25% 23.26% 56.54%

Systolic blood pressure (mm Hg) 121.45 ± 14.92 117.88 ± 12.37 129.78 ± 16.92 <0.001
Diastolic blood pressure (mm Hg) 74.21 ± 10.69 72.50 ± 9.81 78.18 ± 11.58 <0.001

Median (P25�P75) Wilcoxon test

BDI score 6 (3e11) 6 (3e11) 6 (3e11) 0.779
�4 (n ¼ 459) 36.09% 36.29% 35.60%
>4 and < 16 (n ¼ 657) 51.65% 51.12% 52.88%
�16 (n ¼ 156) 12.26% 12.58% 11.52%

ISI score 18 (16e21) 19 (16e21) 18 (16e21) 0.143
<15 (n ¼ 175) 13.76% 13.48% 14.40%
�15 and < 22 (n ¼ 824) 64.78% 63.60% 67.54%
�22 (n ¼ 273) 21.46% 22.92% 18.06%

Epworth Sleepiness Scale score 10 (6e14) 10 (6e14) 10 (6e14) 0.929
�10 (n ¼ 689) 54.17% 54.16% 54.19%
>10 (n ¼ 583) 45.83% 45.84% 45.81%

AHI, apnea�hypopnea index; BDI, Beck Depression Inventory; BMI, body mass index; HBP, high blood pressure; ISI, Insomnia Severity Index; PLM, periodic limb movement;
RLS, restless legs syndrome; SD, standard deviation. P25eP75, 25th to 75th percentile.
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associated with an increased risk of HBP in individuals with
insomnia.

3.5. Multivariate analysis for the whole sample

Results of the multivariate analysis for the entire sample are
shown in Table 3. In the fourmodels studied, the risk of hypertension
associated with short sleep duration (odds ratio [OR] 1.91, 95% con-
fidence interval [CI] 1.15e3.16), severely reduced sleep efficiency (OR
1.57, (95% CI 1.01e2.45)), high sleep fragmentation (OR 1.59, 95% CI
1.10e2.30), and long-term use of short (OR 1.78, 95% CI 1.03e3.09) or
intermediate (OR 2.10, 95% CI 1.12e3.92) half-life benzodiazepine
receptor agonists remains significant, whereas the risk of HBP asso-
ciated with intermediate sleep duration (OR 0.89, 95% CI 0.65e1.23)
and slightly reduced sleep efficiency (OR 0.92, 95% CI 0.65e1.29)
becomes nonsignificant. Despite the adjustment for major con-
founding factors associated with HBP in the four models studied,
multivariate logistic regression analysis revealed that long-term use
of long half-life benzodiazepines receptor receptors (OR 0.92, 95% CI
0.46e1.86) was not significantly associated with higher risk of HBP.

3.6. Multivariate analysis for primary insomnia patients individuals
with insomnia

Results of the multivariate analysis for primary insomnia pa-
tients are shown in Table 4. In order to keep only the 641 primary
insomnia patients included in this analysis, we excluded 156 in-
dividuals with psychiatric comorbidity, 387 individuals with PLM
disorder and/or restless legs syndrome, and 88 individuals with
OSA from our initial sample of 1272 individuals with insomnia. In
the four models studied, the risk of hypertension associated with
high sleep fragmentation (OR 1.82, 95% CI 1.02e3.25) and long-
term use of short or intermediate (OR 2.71, 95% CI 1.25e5.87)
half-life benzodiazepine receptor agonists remains significant,
whereas the risk of HBP associated with short sleep duration (OR
1.80, 95% CI 0.82e3.92) and severely reduced sleep efficiency (OR
1.21, 95% CI 0.62e2.38) becomes nonsignificant. Despite the
adjustment for major confounding factors associated with HBP in
the four models studied, multivariate logistic regression analysis
Table 3
Multivariate analysis results (N ¼ 1272).

Variable Model 1 OR
adjusted (95% CI)

p Model 2 OR
adjusted (95%

Benzodiazepines receptor agonists 0.003
No 1 1
Short 1.83 (1.20e2.77) 1.75 (1.14e2
Intermediate 1.97 (1.19e3.26) 1.90 (1.13e3
Long 0.91 (0.51e1.65) 0.83 (0.45e1

Reduced sleep efficiency 0.012
Absent 1 1
Slightly 0.95 (0.69e1.32) 0.95 (0.68e1
Severely 1.65 (1.08e2.54) 1.65 (1.07e2

Sleep duration (h) 0.002
Long 1 1
Intermediate 0.94 (0.69e1.28) 0.93 (0.68e1
Short 2.07 (1.28e3.35) 2.09 (1.28e3

Sleep fragmentation 0.001
Low 1 1
High 1.66 (1.22e2.27) 1.59 (1.16e2

Model 1: adjustment for gender, age, and BMI.
Model 2: adjustment for gender, age, BMI, antidepressant therapy, smoking, alcohol, an
Model 3: adjustment for gender, age, BMI, antidepressant therapy, smoking, alcohol, caf
Model 4: adjustment for gender, age, BMI, antidepressant therapy, smoking, alcohol, caf
duration.
AHI, apnea�hypopnea index; BMI, body mass index; CI, confidence interval; HBP, high b
revealed that intermediate sleep duration (OR 0.96, 95% CI
0.60e1.53), slightly reduced sleep efficiency (OR 0.84, 95% CI
0.51e1.36), and long-term use of long half-life benzodiazepines
receptor receptors (OR 0.92, 95% CI 0.30e2.85) remains not
significantly associated with higher risk of HBP.
4. Discussion

In our sample of individuals with insomnia, we demonstrated a
prevalence of HBP of 30.03%, which highlights the importance of
this problem to the health care professionals treating this particular
subpopulation. This prevalence is less important than those of
43.1% and 52.0% highlighted by Taylor et al., [1] and Vgontzas et al.,
[50], which may be explained by the fact that in these studies, the
diagnosis of insomniawas not based on DSM-IV-TR [26] criteria but
based instead on self-questionnaires, which may lead to a recruit-
ment bias resulting in overestimation of HBP. In addition, it is
higher than that of the 16.90% shown by Li et al., [3]. However, in
this study, the criteria used for the diagnosis of insomnia were
those of the primary insomnia of DSM-IV-TR [26], which may lead
to underestimation of HBP because individuals with secondary
insomnia were excluded from this analysis. On the other hand, it
seems relatively similar to that of 25.5% demonstrated by Bathgate
et al., [17], which may be explained by the use in that study of
diagnostic criteria for insomnia similar to those applied in our
study. Finally, this prevalence is higher than that demonstrated in
the general population (22.6%) [51] and seems to confirm that HBP
is more frequent in the subpopulation of individuals with insomnia.
However, the co-occurrence of insomnia and HBP is associatedwith
many negative consequences [52] that may have a detrimental
impact on the prognosis of these individuals [53] and justifies the
need for effective treatment [10,11]. Therefore, in individuals with
insomnia, it is important to identify the specific risk factors for HBP
to enhance the detection and management of this pathology and to
reduce complications and mortality for these individuals.

Among the few studies using polysomnography, there are con-
tradictory results regarding the role of sleep duration in HBP
occurrence in individuals with insomnia. The variation may be
explained by the recruitment of different populations of individuals
CI)
p Model 3 OR

adjusted (95% CI)
p Model 4 OR

adjusted (95% CI)
p

0.007 0.017 0.030
1 1

.71) 1.64 (1.06e2.55) 1.78 (1.03e3.09)

.19) 1.87 (1.11e3.18) 2.10 (1.12e3.92)

.53) 0.82 (0.44e1.54) 0.92 (0.46e1.86)
0.013 0.022

1 1
.32) 0.95 (0.68e1.33) 0.92 (0.65e1.29)
.54) 1.62 (1.04e2.52) 0.021 1.57 (1.01e2.45)

0.002 0.004 0.005
1 1

.26) 0.91 (0.67e1.25) 0.89 (0.65e1.23)

.39) 1.98 (1.21e3.26) 1.91 (1.15e3.16)
0.004 0.009 0.014

1 1
.18) 1.53 (1.11e2.11) 1.59 (1.10e2.30)

d caffeine.
feine, hypertriglyceridemia, and type 2 diabetes.
feine, hypertriglyceridemia, type 2 diabetes, snoring, PML index, AHI, and insomnia

lood pressure; OR, odds ratio; PLM, periodic limb movements.



Table 4
Multivariate analysis results for primary insomnia patients (n ¼ 641).

Variable Model OR
unadjusted (95% CI)

p Model 1 OR
adjusted (95% CI)

p Model 2 OR
adjusted (95% CI)

p Model 3 OR
adjusted (95% CI)

p Model 4 OR
adjusted (95% CI)

p

Benzodiazepine receptor agonists <0.001 0.007 0.002 0.018 0.015
No 1 1 1 1 1
Short/Intermediate 2.77 (1.77e4.34) 2.17 (1.31e3.60) 2.07 (1.27e3.37) 2.02 (1.18e3.45) 2.71 (1.25e5.87)
Long 1.01 (0.43e2.38) 0.78 (0.30e2.00) 0.57 (0.26e1.28) 0.69 (0.26e1.82) 0.92 (0.30e2.85)
Reduced sleep efficiency <0.001 0.226 0.306 0.419 0.426
Absent 1 1 1 1 1
Slightly 1.25 (0.82e1.90) 0.84 (0.53e1.34) 0.85 (0.53e1.36) 0.86 (0.53e1.39) 0.84 (0.51e1.36)
Severely 3.33 (1.92e5.77) 1.38 (0.73e2.62) 1.33 (0.69e2.54) 1.27 (0.66e2.47) 1.21 (0.62e2.38)
Sleep duration <0.001 0.097 0.100 0.177 0.227
Long 1 1 1 1 1
Intermediate 1.30 (0.86e1.95) 1.01 (0.64e1.57) 0.99 (0.63e1.56) 1.00 (0.63e1.57) 0.96 (0.60e1.53)
Short 4.48 (2.35e8.52) 2.10 (1.00e4.40) 2.09 (0.99e4.39) 1.92 (0.90e4.11) 1.80 (0.82e3.92)
Sleep fragmentation 0.010 0.017 0.039 0.037 0.044
Low 1 1 1 1 1
High 1.92 (1.17e3.16) 1.96 (1.13e3.42) 1.83 (1.03e3.23) 1.85 (1.04e3.29) 1.82 (1.02e3.25)

Model 1: adjustment for gender, age, and BMI.
Model 2: adjustment for gender, age, BMI, antidepressant therapy, smoking, alcohol, and caffeine.
Model 3: adjustment for gender, age, BMI, antidepressant therapy, smoking, alcohol, caffeine, hypertriglyceridemia, and type 2 diabetes.
Model 4: adjustment for gender, age, BMI, antidepressant therapy, smoking, alcohol, caffeine, hypertriglyceridemia, type 2 diabetes, snoring, and insomnia duration.
AHI, apnea�hypopnea index; BMI, body mass index; CI, confidence interval; HBP, high blood pressure; OR, odds ratio.
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with insomnia in these studies according to the diagnostic criteria
used (insomnia disorder or primary insomnia) [54]. Indeed, in
studies recruiting individuals with insomnia disorder, short sleep
duration is a risk factor for HBP [12,17,50]. In contrast, studies
recruiting primary insomnia patients found that short sleep dura-
tion is not a risk factor for HBP [19]. Moreover, even though the
majority of studies have focused only on the relationship between
short sleep duration and cardiometabolic complications in in-
dividuals with insomnia [55,56], alterations in sleep continuitymay
also be considered a marker of cardiometabolic severity in
insomnia [57]. Here, we found that short sleep duration and
reduced sleep efficiency are associated with higher risk of HBP in
individuals with insomnia disorder, whereas in primary insomnia
patients, short sleep duration and reduced sleep efficiency are not
associated with increased occurrence of HBP. Our results seem to
confirm that among individuals with insomnia, the role played by
short sleep duration and reduced sleep efficiency in the patho-
physiology of HBP differs according to the diagnostic criteria of
insomnia used [58]. One possible explanation for this difference
could be a synergy between short sleep duration and sleep disor-
ders (OSA and/or PLM disorder) in individuals with insomnia dis-
order, whichmay potentiate the occurrence of biological alterations
associated with increased cardiometabolic risk (dysregulation of
autonomic nervous system activity, hypothalamicepituitarye
adrenal axis, or pro-inflammatory mechanisms). In primary
insomnia patients, however, the lack of this synergy could explain
the absence of a higher risk of HBP associated with short sleep
duration and reduced sleep efficiency [59]. Yet, we have shown that
primary insomnia patients with excessive sleep fragmentation
have a higher risk of HBP, which could be explained by over-
activation of the stress system secondary to a greater tendency
toward nocturnal awakenings induced by hyperarousal [60e62].
Thus, regardless of the subgroup of individuals with insomnia who
are studied (insomnia disorder or primary insomnia), adequate
management of objective sleep alterations and associated sleep
disorders (OSA and PLM disorder) is necessary to improve cardio-
vascular outcomes in these individuals with insomnia.

We found that long-term use of short or intermediate half-life
benzodiazepine receptor agonists was associated with a higher
risk of HBP in individuals with insomnia. Although a short treatment
with short or intermediate half-life benzodiazepine receptor
agonists is a first-line recommendation for the pharmacological
management of insomnia [63], it is not followed in many in-
dividuals. Indeed, in the case of a prescription as hypnotic, the long-
term use of short or intermediate half-life benzodiazepine receptor
agonists is frequent, despite the risks of dependence, tolerance, and
abuse [64]. As their duration of action is not sufficient to cover the
period between administrations, short or intermediate half-life
benzodiazepine receptor agonists may result in transient with-
drawals [65], which may become recurrent with long-term use and
may be associated with the repeated occurrence of withdrawal
symptoms such as anxiety [66]. However, this repeated occurrence
of anxiety may increase autonomic arousal via overactivation of the
hypothalamicepituitaryeadrenal axis, which may lead to an in-
crease in circulating catecholamines and increased HBP risk [67].
Thus, the long-term prescription of short or intermediate half-life
benzodiazepine receptor agonists as hypnotics is not trivial
because it is associated with increased HBP risk, which could partly
explain the excess cardiovascular mortality present in individuals
with insomnia [68] and justifies a strict adherence to the recom-
mendations for the pharmacological treatment of insomnia.

Short or intermediate half-life benzodiazepine receptor ago-
nists reduce sleep latency but only slightly increase sleep dura-
tion or efficiency [69,70]. Given their limited duration of action,
they act mainly at the beginning of the night by facilitating
falling asleep, whereas their action is less effective for the
occurrence of awakenings at the end of the night [69,70].
Nevertheless, in primary insomnia, hyperarousal has a specific
dynamic during the night whereby it occurs primarily during
sleep onset, the first third of the night, and the last third of the
night [71]. Short or intermediate half-life benzodiazepine re-
ceptor agonists only partially block hyperarousal during the
night and do not prevent the long-term occurrence of biological
alterations (overactivity of the sympathetic system and hypo-
thalamicepituitaryeadrenal axis) [72,73] associated with the
somatic component of hyperarousal [74], which may promote
the development of HBP [75,76] in primary insomnia patients. In
the case of chronic treatment in primary insomnia, it is therefore
important to favor a treatment that completely blocks hyper-
arousal and to prevent the occurrence of cardiovascular com-
plications in this particular subpopulation of primary insomnia
patients individuals with insomnia..
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In the future, prospective studies should be conducted with the
subpopulation of individuals with insomnia to validate the risk
factors of HBP highlighted in our study.

4.1. Study limitations

The results obtained in our study come from retrospective data
that, even if they have been encoded in a systematic manner,
cannot be verified directly with the subject in most cases, which
means that our results need to be replicated in prospective studies.
Moreover, we focused only on HBP, which means that our results
cannot be generalized to other cardiovascular pathology, such as
myocardial infarction and stroke. In addition, our database contains
only individuals with insomnia who have agreed to perform sleep
laboratory testing, which may also limit the generalization of re-
sults. Finally, another limitation of our study is the absence of a
scale for anxiety.

5. Conclusion

We found a 30.03% prevalence rate of HBP in a large sample of
individuals with insomnia. In this subpopulation, objective sleep
alterations measured during polysomnography and long-term use
of short or intermediate half-life benzodiazepine receptor agonists
are associated with increased HBP risk. Thus, sleep alterations must
be adequately managed, and recommendations for the pharma-
cological treatment of insomnia must be strictly followed in order
to avoid the negative consequences of the co-occurrence of
insomnia and HBP.
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