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Is there any relation between arterial stiffness and insomnia?
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Abstract

Purpose Insomnia is a common sleep disorder which has high comorbidity with a number of cardiovascular diseases (CVD).
As a possible risk factor for the CVDs, arterial stiffness may be assessed non-invasively by pulse wave velocity (PWV) and
augmentation index (AI). The aim of this study was to evaluate any relation between insomnia and arterial stiffness.
Methods Patients with insomnia were included in the study after the exclusion of other sleep disorders by polysomnography.
Sleep quality and the degree of insomnia symptoms were evaluated by the Pittsburgh sleep quality index (PSQI) and insomnia
severity index (ISI), respectively. PWV and Al were assessed by Mobil-O-Graph arteriograph system.

Results Consecutive patients with insomnia (n = 72, 56 women, mean age 55.8 +9.1 years) were included. Patients were
grouped as those with severe ISI scores (22-28) and those with mild to moderate ISI scores (8-21). Despite no significant
difference in characteristics and clinical data, patients with severe ISI scores had significantly higher total PSQI scores and
NREM-2 with significantly lower REM duration. They also had significantly higher systolic blood pressure, mean blood
pressure, pulse pressure, PWV, and Al compared to patients with mild and moderate ISI scores. Correlation analysis revealed
that PWV and Al were significantly correlated with the ISI score and PSQI score.

Conclusion There is a close relation between arterial stiffness and insomnia suggesting a risk for CVD in patients with
insomnia.
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Introduction Arterial stiffness has been implied in the pathophysiol-

ogy of CVD related with multiple cardiovascular risk factors

The definition of insomnia includes a difficulty in falling
asleep or maintaining sleep or the perception of uncomforta-
ble sleep. Insomnia is a common sleep disorder in developed
countries having high comorbidity with a number of cardio-
vascular diseases (CVD) [1]. Sleep duration is shown to be
associated with CVD [2] due to the increased risk of hyper-
tension, diabetes, and obesity [3, 4]. Insomnia increases
morbidity and mortality risk in patients with CVD [5].
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including older age, hypertension, hypercholesterolemia,
diabetes, obesity, smoking, kidney disease, and stroke [6-8].
Although underlying pathogenesis is not clear yet, hemody-
namic, mechanical, metabolic, and enzymatic mechanisms
are some of the potential hypothesis [9]. Arterial stiffness
may also increase the risk of mortality and morbidity due
to its hemodynamic effects [10]. Arterial stiffness may be
assessed non-invasively by pulse wave velocity (PWV) and
augmentation index (AI), which helps in the evaluation of
cardiac risk and early vascular damage [11, 12].

There are several potential mechanisms about the link
between insomnia and arterial stiffness such as increased
risk hypertension and systemic inflammation. There is a
close relationship between insomnia and hypertension [13].
Activation of hypothalamic—pituitary—adrenal axis [14] that
may lead to increased sympathetic tone, stress-diathesis
model [15] that biological diatheses interact with environ-
mental stressor factors to result in a pathophysiologic effect,
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and a neurobiological model [16] that insomnia results from
activation of wake-promoting neural pathways during non-
rapid eye movement sleep are potential mechanisms for the
relation between insomnia and hypertension. Recent studies
have supported that there are some evidence linking insom-
nia with elevated levels of systemic inflammation [17]. Arte-
rial stiffness is associated with systemic inflammation and
hypertension [18, 19]. There is no study that has evaluated
the relation between arterial stiffness and severity of insom-
nia until now. The aim of the study was to explore any rela-
tion between insomnia and arterial stiffness.

Methods
Study population

All study procedures were approved by the local ethic com-
mittee and are compliant with the Declaration of Helsinki.
All study population gave written informed consent prior to
participation.

We included patients with DSM-5 chronic insomnia
disorder [20]. The patients were included if they had self-
reported mean wake after sleep onset (WASO) of >1 h
on > 3 nights per week or mean WASO of >45 min across
2 nights on polysomnography (PSG). All patients under-
went polysomnography to exclude other sleep disorders.
Patients with prior/current DSM-5 major depression and
sleep or circadian disorders determined by patient report or
PSG (obstructive sleep apnea defined as apnea—hypopnea
index > 5, periodic limb movements defined as arousal fre-
quency > 15), WASO < 30 min, and usage of medications
that may affect sleep including sleep aids, antidepressants
and herbal supplements) were excluded. Sleep quality was
determined by the Pittsburgh questionnaire, while the degree
of insomnia was assessed by insomnia severity index (ISI).

Evaluation of arterial stiffness parameters

A single cardiologist assessed arterial stiffness non-invasively
by Mobil-O-Graph arteriograph system (Mobil-O-Graph NG,
Stolberg, Germany) in a quiet, temperature-controlled room
(22-24 °C) in the morning after a fasting period of 12 h with
the patients lying in supine position. The contraction of the
myocardium creates a pulse wave (early systolic peak) run-
ning down the aorta, which is reflected by the aortic wall at the
distal branching point resulting in a second wave (late systolic
peak). The shape of this reflected wave depends on the stiffness
of the large artery. The system detects the signals from the bra-
chial artery when cuff pressure exceeds systolic pressure more
than 35 mmHg. The AIx (AIx adjusted for heart rate 75 bpm)
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and PWYV are calculated from amplitude and time difference of
the first and second waves according to current guidelines [21].

The Pittsburgh sleep quality index (PSQI)

All patients were given the Pittsburgh questionnaire for deter-
mination of sleep quality. It is a self-report questionnaire
including 19 items to evaluate 7 aspects of sleep quality (sleep
onset latency, sleep duration, efficiency, quality, disturbances,
medication, and daytime dysfunction). Each aspect is assigned
a value from O to 3 where their sum gives global score of sleep
quality (0-21) with high scores associated with poor sleep
quality. The cut-off score is>5 to differentiate patients with
primary insomnia [22].

The insomnia severity index

The degree of insomnia including insomnia severity, notice-
ability of sleep impairment, sleep interference with day-time
functioning, sleep satisfaction, and distress caused by insomnia
over the last 2 weeks was determined by Insomnia severity
index. It includes 7 items with each item rated on a 5-point
Likert scale. Their sum gives global score (0-28) with high
scores indicating severe (scores 22 to 28) and moderate (scores
15 to 21) insomnia and a low score (scores O to 7) pointing no
significant insomnia. A score of 8 to 14 indicates sub-threshold
insomnia, and a score of > 14 is used to detect primary insom-
nia [23]. In our study, we divided the patients into two groups
as those with mild to moderate ISI scores (8—21) and those
with severe ISI scores (22-28) to evaluate the effect of disease
severity on arterial stiffness.

Statistical analysis

SPSS 20.0 statistical package for Windows was used for
statistical analyses. Categorical variables were presented as
percentage and compared with Chi-square test. Continuous
data were expressed as mean + standard deviation, and normal
distribution was assessed by the Kolmogorov—Smirnov test.
The Student ¢ test or Mann—Whitney U test was used to com-
pare the parametric or non-parametric continuous parameters,
respectively. Pearson or Spearman’s correlation tests were used
for correlation analysis. A value of p<0.05 was considered
statistically significant. The minimum required sample size
was calculated with anticipated effect size of 0.10, alpha 0.05
(probability), and 90% power (10% type 2 error) [24].

Results

We studied 85 patients seen in the outpatient clinics who
had complaints of insomnia. After the exclusion of 13
patients due to the usage of medications affecting sleep,
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Table 1 Baseline characteristics and clinical data of study population

Age (years) 55.8+9.1
Sex (female/male) 56/16
Smoking (n) 19 (26%)
Alcohol (n) 16 (22%)
Married (n) 54 (75%)
Working (n) 13 (18%)
Onset of symptoms (years) 12.4+6.7
Diagnosis of insomnia (years) 3.6+2.8
Table 2 PSQI score of study population

Component 1 score 2.6+0.6
Component 2 score 2.5+07
Component 3 score 2.7+0.7
Component 4 score 2.6+0.8
Component 5 score 24+0.7
Component 6 score 2.6+0.7
Component 7 score 20+0.9
Total PSQI score 17.5+3.4

Component 1, subjective sleep quality; Component 2, sleep latency;
Component 3, sleep duration; Component 4, sleep efficiency; Com-
ponent 5, sleep disturbance; Component 6, use of sleep medication;
Component 7, daytime dysfunction; PSQI, Pittsburgh sleep quality
index

previous sleep disorder, and diagnosis of major depression,
the remaining 72 patients (mean age 55.8 +9.1 years, 56
women) were included in the study. Table 1 shows character-
istics and clinical data of the patients. The mean duration of
insomnia was 3.6 +2.8 years. Components of the PSQI score
of the patients are shown in Table 2. The total PSQI score of
the patients was 17.5 +3.4. While 50 patients had mild and
moderate ISI score, 22 patients had severe ISI score.

A comparison of baseline characteristics and clinical data
according to ISI scores is shown in Table 3. The patients

with severe ISI scores had significantly higher total PSQI
score. Table 4 shows the comparison of polysomnography
parameters between patients with mild or moderate ISI
scores and patients with severe ISI scores. The patients
with severe ISI scores had significantly higher non-rapid
eye movement (NREM-2) and significantly lower rapid eye
movement (REM) duration than patients with mild or mod-
erate ISI scores. Arterial stiffness parameters between the
patients with mild or moderate ISI scores and the patients
with severe ISI scores are shown in Table 5. The patients
with severe ISI scores had significantly higher systolic blood
pressure, mean blood pressure, pulse pressure, PWV, and Al
compared to the patients with mild or moderate ISI scores.

Correlation analysis was performed to demonstrate the
association between arterial stiffness parameters, ISI score,
and PSQI score (Table 6). PWV and Al were significantly
correlated with the ISI score and PSQI score.

Discussion

In this study, we found that patients with severe ISI scores
had significantly higher PWV and AI compared to those
with mild or moderate ISI scores. Furthermore, PWV and
Al were significantly correlated with the ISI score and PSQI
score. To the best of our knowledge, this is the first study
to demonstrate an association between arterial stiffness and
severity of insomnia.

Sleep quality has an important role in promoting health.
Insomnia is shown to be associated with hypertension
[25, 26], atherosclerotic CVD [27], and heart failure [28].
Although the underlying pathogenesis of insomnia and CVD
is not clear, there are several mechanisms that proposed this
association such as dysregulation of the hypothalamic-pitu-
itary axis, abnormal activation of the autonomic system,
increased sympathetic system activity, and triggered sys-
temic inflammation [29, 30]. Chronic insomnia and short
sleep duration are found as significant risk factors for the

Table 3 Comparison of baseline characteristics and clinical data of study population

Mild and moderate ISI (n=50) Severe ISI (n=22) p
Age (years) 55.1+9.6 57.5+79 0.304
Sex (female) 38 18 0.584
Smoking (n) 16 3 0.148
Alcohol (n) 12 0.761
Married (n) 38 16 0.768
Working (n) 10 3 0.742
Onset of symptoms (years) 125+7.4 122+5.2 0.837
Diagnosis of insomnia (years) 3.7+3.1 3.6+19 0.873
Total PSQI score 16.5+3.6 19.7+0.8 <0.001

IS1, insomnia severity index; PSQI, Pittsburgh sleep quality index
Bold value indicates p<0.05
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Table 4 Comparison of polysomnography parameters between groups

Mild and Severe ISI (n=22) p

moderate IST

(n=50)
AHI 1.7+1.6 1.8+1.8 0.762
TST 215.4+56.6 216.9+80.6 0.476
SOL 58.0+55.4 78.5+75.0 0.336
WASO 137.6 +48.5 119.6 +50.8 0.109
Sleep efficiency 49.0+11.8 50.1+15.6 0.786
REM sleep latency 257.0+107.3 254.4+124.8 0.926
NREM-1 11.1+£8.3 9.6+9.4 0.227
NREM-2 25.8+12.2 36.5+9.9 <0.001
NREM-3 40.0+31.9 31.7+26.2 0.901
REM 76.7+24.9 53.3+37.8 0.026

ISI, insomnia severity index; AHI, apnea—hypopnea index; 7S7, total
sleep time; SOL, sleep onset latency; WASO, wake time after sleep
onset; NREM, non-rapid eye movement sleep stage; REM, rapid eye
movement sleep stage

Bold values indicate p<0.05

development of hypertension [25, 26]. Mendoza et al. [25]
has showed that increased risk of hypertension due to insom-
nia is independent from comorbid conditions including age,
race, obesity, diabetes, smoking, caffeine or alcohol con-
sumption, sleep-disordered breathing, and depression.
Arterial stiffness can be simply and non-invasively
assessed by PWV and AI [12, 31]. In our study, we used
oscillometric method, which is more reliable in assessing
PWYV compared to tonometric and piezo-electronic methods
as those techniques are time-consuming and require trained
operators [32]. PWV and Al are good markers of the vascu-
lar damage, endothelial dysfunction, and early atheroscle-
rosis. A high PWYV is independently associated with CVD
[33]. Cardiovascular morbidity and mortality increase with
increased arterial stiffness [10]. Decline in arterial elasticity

Table 5 Comparison of arterial stiffness parameters between groups

is related with hypertension, left ventricular hypertrophy,
and stroke [34]. Therefore, assessment of arterial stiffness
has gain attention. Our study demonstrated that patients with
severe ISI scores had increased arterial stiffness parameters
correlating with the ISI and PSQI scores. Our results suggest
that increased arterial stiffness may lead to an increased risk
of CVD in patients with insomnia.

Possible underlying mechanisms linking insomnia and
CVD are increased sympathetic activity and impaired vas-
cular endothelial function, which have been found in healthy
population with sleep deprivation and patients with chronic
insomnia [14, 35]. Insomnia is also associated with non-
dipping of blood pressure, which may place these patients
at increased risk for CVD [36]. There is a higher risk for
development of hypertension and dyslipidemia in patients
with sleep disturbance, which further increases the risk for
CVD [37]. Poor sleep quality is in relation with metabolic
disturbances through sympathetic activation or inflamma-
tory cytokines [38]. Chronic sleep problems can trigger the

Table 6 Correlation analysis between arterial stiffness parameters,
ISI score, and total PSQI score

ISI score Total PSQI PWV Al
ISI score r=0.563 r=0.754 r=0.341
p<0.001 p<0.001 p=0.003
Total PSQI r=0.563 r=0.605 r=0.249
p<0.001 p<0.001 p=0.035
PWV r=0.754 r=0.605 r=0.485
p<0.001 p<0.001 p<0.001
Al r=0.341 r=0.249 r=0.485
p=0.003 p=0.035 p<0.001

IS1, insomnia severity index; PSQI, Pittsburgh sleep quality index;
PWYV, pulse wave velocity; Al, augmentation index

Mild and moderate ISI (n=50) Severe ISI (n=22) p
Systolic blood pressure (mmHg) 121.2+11.7 141.3+16.0 <0.001
Diastolic blood pressure (mmHg) 76.2+6.3 75.5+9.5 0.724
Mean blood pressure (mmHg) 96.8+7.5 105.7+11.2 0.002
Pulse rate (beat/min) 74.2+9.5 70.6+8.4 0.121
Pulse pressure (mmHg) 45.0+10.4 659+12.3 <0.001
Stroke volume (ml) 63.6+11.1 64.2+8.9 0.828
Cardiac output (I/min) 4.6+0.7 45+0.6 0.317
Cardiac index (I/minx 1/m?) 2.6+04 2.7+04 0.408
Pulse wave velocity (m/s) 7.7+13 103+1.0 <0.001
Augmentation index (%) 26.9+10.5 33.1+7.1 0.013
Body mass index (kg/m?) 26.1+3.4 25.8+0.9 0.684

ISI, insomnia severity index

Bold values indicate p<0.05
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hypothalamus—pituitary—adrenal axis and the sympathetic
nervous system pathways, leading to an increased pro-
inflammatory process [39]. There is strong evidence that
inflammation is associated with arterial stiffness [40]. Our
results demonstrated that in patients with severe insomnia,
arterial stiffness parameters may be used as a non-invasive
parameter to evaluate cardiovascular risk. The clinician
should give more importance to evaluate patients with
severe insomnia in outpatient clinics and should consult
those patients to cardiology clinics to prevent future cardiac
events.

Lack of a control group and the small sample size were
major limitations. A possible effect of medical treatment on
arterial stiffness parameters could not be evaluated. The lack
of follow-up of the patients with higher PWV and Al has
limited to identify the predictors associated with develop-
ment of CVD. Further large-scale, prospective studies are
needed to elucidate whether severe insomnia has clinical
reflections of cardiovascular events through increased arte-
rial stiffness parameters.

Conclusions

There is a close relation between arterial stiffness parameters
and insomnia suggesting a higher risk for CVD in patients
with insomnia and severe ISI.
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