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Relationship Between Sleep Quality, Sleep
Disturbance, and Estimated Cardiovascular Risk
Heba G. Elnahas, Marwa S. Said, Radwa M. Elsyed, Ghada M. Khafagy ¥
Department of Family Medicine. Faculty of Medicine, Cairo University, Egypt
Abstract
Background: Sleep quality and disturbances have been suggested to play an important role in
cardiovascular disease risk.
Objective(s): The aim of the present study is to investigate the possible relationship between quality
of sleep, sleep disturbances, and cardiovascular disease risk in adults.
Methods: This cross-sectional study was conducted in the Family Medicine Outpatient Clinic at
Cairo University, Kasr Alainy Hospital. The participants of this study were 124 adults who were
subjected to be interviewed with sleep questionnaires, including the Pittsburgh Sleep Quality Index,
Epworth Sleepiness scale, Berlin Questionnaire, and Restless Legs Syndrome Rating Scale. Their
blood pressure and body mass index were measured, along with the fasting blood glucose and lipid
profile assessment. Moreover, atherosclerotic cardiovascular disease (ASCVD) risk was calculated.
The participants were then classified into two groups according to their estimated risk of ASCVD:
low- or borderline-risk group and intermediate- or high-risk group.
Results: In both groups, the comparison of the results of the Pittsburgh Sleep Quality Index (PSQI)
showed a significant difference: total score (about 40% of bad sleepers and 20% of good sleepers had
intermediate to high ASCVD risk), subjective sleep quality, sleep efficiency, and the use of sleep
medications (p values = 0.015, 0.023, and 0.023, respectively). Moderate positive correlations were
observed between the ASCVD risk score and total PSQI score (r = 0.4, p < 0.001), subjective sleep (r
= 0.332, p < 0.001), sleep latency (r = 0.3, p = 0.006), sleep duration (r = 0.4, p < 0.001), sleep
efficiency (r = 0.4, p = 0.001), sleep disturbance (r = 0.218, p = 0.016), and the use of sleep
medications (r = 0.24, p = 0.002). In both groups, a significant difference was observed in the
severity of restless legs syndrome (p value = 0.012).
Conclusion: Based on the results of the study, the overall sleep quality was linked to a higher
estimated risk of developing cardiovascular events. A significant positive moderate correlation was
found between sleep quality scores and cardiovascular risk, especially sleep efficiency and duration.
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progression.(3) Sleep is a critical modulator of
neuroendocrine function and cardio-metabolic health.(4) It
is an essential restorative physiologic function of the body
that occupies almost one-third of our lifespan.(3)
The physiological changes that occur during sleep are
vital and help people stay healthy. Good quality and proper
sleep during night enhances longevity in humans.(5) Sleep
which is a basic human behavior is found to be linked to
CVD risk.(6) Although sleep quality is vital, it is difficult to
outline and measure.(7) Over 90 types of sleep disorders
have been classified. Ahmed et al. (2018) found that the
most common sleep problem among Egyptians was
insomnia (59.6%), followed by excessive daily sleepiness

INTRODUCTION

C

ardiovascular diseases are considered one of the
top 10 leading causes of death. The WHO reported
that ischemic heart disease (IHD) and strokes
accounted for an estimated 26.8% of all deaths worldwide
per year.(1) The Institute for Health Metrics and Evaluation
has shown that in Egypt, IHD and stroke are responsible
for 32.3 and 8.6% of deaths as well as 14.6 % and 5.6% of
disability adjusted life years lost, respectively.(2) As the
prevalence rate of cardiovascular diseases (CVD) is rising,
early detection and control of the modifiable risk factors
are essential for the prevention of its development and
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(29.5%), sleep deprivation (12.1%), and restless legs
syndrome (RLS) (10.4%).(8)
Although sleep quality is not considered a standard risk
factor for CVD, studies have proven its effect on
cardiovascular risk (CVR) factors.(4) Numerous possible
mechanisms could clarify the relationship between
cardiovascular events and sleep loss, including increases in
blood pressure, impaired glucose tolerance, or sympathetic
hyperactivity. Investigational data showing that acute sleep
loss (around 3.6 hours of sleep) for one night results in an
increase in blood pressure among fit young males.(9)
According to the National Sleep Foundation
guidelines, the recommended sleep duration for people
aged 26 to 64 years is 7 to 9 hours of sleep and for people
aged ≥65 years 7 to 8 hours of sleep.(10) Sleep health is a
multidimensional concept. Sleep disruption is classified
into different types, and sleep quality is an important
component of sleep health.(7)
The association between sleep quality and CVD has
not yet been established in the Egyptian population.
Although earlier studies have assessed sleep duration only
and cardiovascular outcomes (11) or estimated the sleep
quality and duration among patients who have coronary
heart disease, only a few studies have assessed the
estimated CVR in relation to sleep quality.(12) Thus, this
study was conducted to investigate the possible
relationship between quality of sleep, sleep disturbances,
and cardiovascular disease risk in adults.

METHODS
Study setting and population
This cross-sectional study was conducted from January
2020 to July 2020 on adults from the Family Medicine
Outpatient Clinic at Kasr Alainy Hospital. Patients aged
30–65years old were invited to take part in the research.
Any patient who presented with cardiac insufficiency,
acute disease, and hypo- or hyperthyroidism; took any
medication that may affect sleep (e.g., beta-blockers); and
was pregnant was excluded from the study.
Sampling
The sample size was calculated using Epi Info 7 with the
following input: the prevalence of coronary artery disease
according to the WHO STEPwise approach was 8%.(13)
The frequency of adults attending the Family Medicine
Outpatient Clinic in 4 months was 700 patients, with a
confidence limit of ±5% and confidence level of 95%. The
minimum required sample size was 98; the total sample
size was modified to 124 participants. All adult patients
who consented to participate in the study were recruited
until the required sample size was reached.
Data collection tools and steps
The following tools used in this study are the following:
- Comprehensive socio-economic status data (SES)
were evaluated on the basis of the scale created by ElGilany et al. (14). According to the quartiles of the

score measured, the SES was graded as very low, low,
middle, and high levels.
- The assessment of atherosclerotic cardiovascular
disease (ASCVD) risk was done using the American
College of Cardiology/American Heart Association
ASCVD Risk Calculator.(15)
A restricted assortment of variables, such as sex, race,
total cholesterol, high density lipoprotein (HDL)
cholesterol, history of diabetes, smoking status,
systolic blood pressure (SBP), and treatment for blood
pressure, was used.
A 10-year chance for ASCVD is sorted as low- or
borderline-risk (<5%–7.4%) and intermediate- or
high-risk group (7.5%–≥20%).
- Sleep quality was measured using the Arabic version
of the Pittsburgh Sleep Quality Index (PSQI). The
PSQI is a valid instrument used to quantify the quality
of sleep in adults. It distinguishes “poor” sleep quality
from “good” sleep quality, with the best cut-off score
at 5 (sensitivity 89.6%, specificity 86.5%).
Furthermore, the Arabic version of the questionnaire
proved to be reliable and valid (16).
- Daytime sleepiness was measured using the Arabic
version of the Epworth Sleepiness Scale (ESS), which
is a substantial and dependable instrument that can be
utilized in Arabic-talking populations (17). ESS is
reliable with eight unique circumstances, and the
subject is asked to rate the likelihood of snoozing in
every circumstance on a scale of 0–3, with all-out
scores going between 0 (normal sleep) and 24 (very
sleepy). Values > 9 are considered as significant
sleepiness.
- Obstructive sleep apnea (OSA) was measured using
the Arabic version of the Berlin Questionnaire (18).
The Berlin Questionnaire is a straightforward, selfcontrolled, and approved questionnaire intended to
evaluate three OSA chance classifications: the
occurrence and frequency of snoring behavior, waketime sleepiness or fatigue, and history of obesity
and/or hypertension. The subjects were classified as
high risk if two or more categories were positive.
- The restless legs condition was evaluated using the
Arabic version of the RLS Rating Scale, which is a
substantial and reliable instrument (19). It was
classified as mild (scores 1–10), moderate (scores 11–
20), and severe (scores ≥ 21).
- Blood samples for biochemical assessment: 4 ml of
blood was withdrawn after 8 hours of fasting and sent
to the Cairo University labs for fasting blood glucose
(FBG) and lipid profile assessment including total
cholesterol, HDL, and low density lipoproteins.
After obtaining the informed consent from the participants
who consented to participate in the study, the participants
were interviewed for 10 minutes to complete the sociodemographic questionnaire. Afterwards, a comprehensive
medical history and physical examination was performed
including the measurements of weight, height, and body

160

Journal of High Institute of Public Health 2020;50(3):158-164.

mass index (BMI), which was calculated as body weight in
kilograms divided by the square of height in meters
(kg/m2). The subjects were considered obese if BMI ˃30
kg/m2.The blood pressure was measured using a standard
mercury sphygmomanometer on the right arm and a
suitable size cuff after an adequate rest period of at least10
minutes.
The participants were asked to visit again after fasting
for 8 hours to withdraw the blood sample for FBG and
lipid profile assessment. Afterwards, they were
interviewed for 15 minutes to complete the Pittsburgh
Sleep Quality Index questionnaire for sleep quality
assessment, ESS for daytime sleepiness assessment, Berlin
Questionnaire for OSA risk assessment, and RLS Rating
Scale for RLS assessment.
After obtaining the laboratory results, all the data were
revised and the ASCVD risk was estimated.
Statistical analysis
The gathered information was analyzed using the
Statistical Package for Social Science version 20.
Categorical data were represented as frequencies and
percentages. For quantitative variables, mean ± standard
deviation (SD) was computed. Chi-square (X2) test was
used to test for significance of qualitative variables, or
Fisher’s exact test when appropriate. Pearson’s correlation
(r) was used to correlate the CVR scores with the PSQI
scores. The outcomes were viewed as statistically
significant when the significant probability (p value) was
<0.05.
Ethical considerations
The study conformed to the international ethics guidelines
and that of Declaration of Helsinki (2013). Ethical
approval was obtained from the Family Medicine
department counsel and the Research Committee of Cairo
University. Informed written consent was obtained from
all participants after explaining the objectives of the study
and confidentiality of the collected data.

RESULTS
Table 1 shows the demographic and clinical data of the
studied group. It was found that the mean age was 51±7.8
years and most of the studied groups were females
(66.1%). About 48.4% were non-diabetic and the rest were
diabetic with the majority on oral hypoglycemic drugs;
about 40.3% had hypertension. Most of the studied group
(69%) had low or borderline CVD risk.
Table 2 shows the comparison of sleep quality among
ASCVD risk groups. About 40% of bad sleepers had
intermediate to high CVD risk, whereas about 20% of
good sleepers had intermediate to high CVD risk; the
difference was statistically significant. Moreover, there
were significant differences between the two groups
regarding many of the PSQI domains, as subjective sleep
quality, sleep efficiency, and use of sleep medications (p
values = 0.015, 0.023, and 0.023 respectively), while there

was no significant difference regarding sleep latency, sleep
duration, sleep disturbance and daytime dysfunction (p
values < 0.05).
In the assessment of sleep apnea (snoring, day
tiredness, and BMI), no significant difference was
observed between those who had low CVR risk and those
who had intermediate or high CVR risk (Table 3).
A significant difference was observed between both
groups with regard to the severity of RLS scores (Table 4).
As shown in Table 5, moderate positive
significant correlations were observed between the
CVR scores and total PSQI scores (r = 0.4, p < 0.001),
subjective sleep (r = 0.332, p < 0.001), sleep latency (r
= 0.3, p = 0.006), sleep duration (r = 0.4, p < 0.001),
sleep efficiency (r = 0.4, p = 0.001), sleep disturbance
(r = 0.218, p = 0.016), and use of sleep medications (r
= 0.336, p = 0.002), whereas no significant correlation
was observed between CVR score and daytime
dysfunction (r = 0.24, p = 0.106).
Table 1: Demographic and clinical characteristics
of the studied group
Variables

Studied group (n = 124)

Age (years)
Mean± SD
Variables
Sex
Male
Female

50.975±7.811
No.

%

42
82

33.9
66.1

Social class
Very low

1

0.8

Low

25

20.2

Middle

82

66.1

High

16

12.9

60

48.4

50

40.3

14

11.3

Current

101

81.5

Never smoker

19

15.3

Former smoker

4

3.2

Normal

74

59.7

Hypertensive

50

40.3

Low or borderline risk

86

69

Intermediate or high risk

38

31

Diabetes mellitus
Non-diabetic Diabetic:
On oral medications
On injections
Smoking

Hypertension

Risk of CVD
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Table 2: Sleep quality among atherosclerotic cardiovascular risk groups

Variables

Component 1: subjective sleep quality
Very good
Fairly good
Fairly bad
Very bad
Component 2: sleep latency
Normal
Mild
Moderate
Severe
Component 3: sleep duration
> 7 hours
6–7 hours
5–6 hours
< 5 hours
Component 4: sleep efficiency
> 85%
75%–84%
65%–74%
< 65%

Low- or
borderline-risk
ASCVD
(n = 86)
No.
%
27
36
19
4

Intermediate- or
high-risk
ASCVD
(n = 38)
No.
%

87.1
70.6
51.4
80

Total

p value

4
15
18
1

12.9
29.4
48.6
20

31
51
37
5

0.015*a

0.123a

37
28
14
7

74
73.7
70
43.8

13
10
6
9

26
26.3
30
56.3

50
38
20
16

40
32
10
4

76.9
72.7
55.640

12
12
8
6

23.1
27.3
44.4
60

52
44
18
10

44
14
17
11

75.9
73.7
77.3
44

14
5
5
14

24.1
26.3
22.7
56

58
19
22
25

Component 5: sleep disturbance
No
Mild
Moderate/severe

7
46
33

70
75.4
62.2

3
15
20

30
24.6
37.7

10
61
53

Component 6: use of sleep medication
Not during the past month
Less than once a week
Once or more times a week

71
12
3

75.5
46.2
75

23
14
1

24.5
53.8
25

Component 7: daytime dysfunction
No
Mild to severe dysfunction
Total scale categories
Good sleeper (total score ≤ 5)
Poor sleeper (total score > 5)
(*)

Significant p ≤ 0.05

(a)

Chi-square test

85
1

36
2

70.2
33.3

51
79.7
35
59.3
(b) Fisher’s exact test

14
24

0.063 a

0.023* a

0.277 a

94
26
4

29.8
66.6

121
3

21.5
40.7

65
59

0.023* a

0.264 b

0.014* a

Table 3: Sleep apnea among atherosclerotic cardiovascular disease (ASCVD) risk groups

Variables

Category 1: snoring
Positive
Negative
Category 2: day tiredness
Positive
Negative
Category 3: obesity and/or hypertension
Obese or Hypertensive
Not obese nor hypertensive
Sleep apnea risk groups
High risk (≥2 positive categories)
Low risk (<2 positive categories)
(a) Chi-square test

Low- or borderlinerisk ASCVD
(n = 86)

Intermediate- or
high-risk
ASCVD
(n = 38)
No.
%

Total

p value a

0.248

No.

%

59
27

72.8
62.8

22
16

27.2
37.2

81
43

40
46

72.7
66.7

15
23

27.34
33.3

55
69

0.467

39
47

61.9
77

24
14

38.1
23

63
61

0.067

48
38

68.6
70.4

22
16

31.4
29.6

70
54

0.829
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Table (4): Sleepiness and restless legs syndrome among atherosclerotic cardiovascular disease (ASCVD) risk
groups
Low- or borderlinerisk
ASCVD
(n = 86)
No.
%

Variables

Sleepiness scale categories
Normal (score ≤ 9)
Excessive daytime sleepiness (score > 9)
Severity of restless legs syndrome
Mild
Moderate
Severe
(*) Significant p ≤ 0.05
(a) Chi-square test

82
4
73
13
0
(b) Fisher’s exact test

Table 5: Correlation between atherosclerotic
cardiovascular disease (ASCVD) risk scores and
Pittsburg sleep quality index (PSQI) components
ASCVD risk score

Variable
Subjective sleep quality

R

p

0.332

<0.001**

Sleep latency

0.3

0.006*

Sleep duration

0.4

<0.001**

Sleep efficiency

0.4

0.001**

Sleep disturbance

0.218

0.016*

Use of sleep medication

0.336

0.002*

Daytime dysfunction

0.24

0.106

0.4

<0.001**

Total PSQI
(*)

Statistically significant

(**)

Highly statistically significant

DISCUSSION
The present study was designed to examine the
relationship between sleep quality and CVD risk in a
sample of the Egyptian population. The results of the PSQI
indicate a moderate positive linear relationship between
sleep quality and CVR.
In this study, the positive relationship between sleep
quality and CVD risk is in accordance with the data from
the study conducted by Yazdanpanah et al. (2020) that
investigated the sleep quality and sleep quantity among
Iranian people and concluded that the prevalence of CVD
was nearly 30% in males who sleep less than 6 hours. The
increase was just around 19% in people with long sleep
duration (20), which could indicate that many
neuroendocrine systems affect sleep homeostasis.
However, further research is needed to clarify this (21).
Sleep duration and sleep-disordered breathing may
influence metabolism and the neurohormonal system (22).
The high incidence of sleep complications among females

Intermediate- or
high-risk
ASCVD
(n = 38)
No.
%

Total

p value

70.7
50

34
4

29.3
50

116
8

0.220 a

68.9
86.7
0

33
2
3

31.1
13.3
100

106
15
3

0.012* b

could be related to changes during the different phases of
the menstrual cycle (21).
Similarly, a study conducted by Im and Kim in 2017
in Korea on participants above the age of 18 years old
found that the Framingham Risk Score of the participants
is affected if they sleep less than 5 hours or above 8 hours,
and the study population has a moderate to severe
likelihood of developing CVD in the following 10 years(23).
Impaired blood glucose, overactive sympathetic
nervous system, and increased blood pressure could be due
to many mechanisms linked to sleep deprivation (9). This
finding is different from that of Magee et al. 2012 who
found in an Australian study that oversleeping for ≥ 9
hours increases the incidence of stroke, heart disease,
diabetes, and high blood pressure in comparison to
sleeping for 7 hours. The reason for this could be that the
study included participants over 45 years old and above(11).
Another reason could be that many endocrinal hormones
and coagulation activities accompany sleep disorders (24).
The findings of this study indicate that sleep
efficiency apart from the number of sleep hours might be a
vital risk factor for cardiovascular diseases. This could be
supported by the results of the study of Ross et al. 2014,
which revealed that the individuals having low sleep
efficiency expressed a diminished drop of nocturnal heart
rate and systolic arterial blood pressure matched with the
group with high sleep efficiency. Many studies found that
sleep affects the autonomic nervous system and further
physiological events that may have an influence on blood
pressure (26).
In comparing the Berlin Questionnaire scores for
assessing sleep apnea between the studied groups, no
statistical significance was observed between the severity
of the CVR and the obstructive sleep apnea syndrome
(OSAS) scores. This is in contrast to the findings of Ghazal
et al. (2015) which indicate that OSAS is linked to a
significant possibility of incidence and severity of coronary
artery disease. This could be due to the types of patients
included in Ghazal et al. study who enrolled only patients
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with chronic stable angina (5). However, the reason for this
difference can be that the positive predictive value of the
Berlin Questionnaire scores for assessing sleep apnea
severity is not high, although the Berlin Questionnaire has
a high sensitivity in detecting OSAS (26).
Archontogeorgis et al. (2018) found that in evaluating
the coronary risk among patients with indicative
obstructive sleep apnea syndrome symptoms, sleep
efficiency was obviously reduced among the group with
severe OSAS with a reduction in the percentage of slowwave sleep (27). Fung et al. 2011 found that the chance of
developing hypertension among the elderly is increased
with reduced slow-wave sleep because the sympathetic
activity is decreased during slow-wave sleep. The reason
for this could be that breathing disorders during sleep can
result in high SBP (22). What happens during OSAS is
related to the sympathetic arousal and systemic
inflammation which occurs secondary to hypoxia (28).
In comparing the PSQI scores between the studied
individuals, the present study found a significant
relationship between the use of sleep medication and the
severity of CVR (p value = 0.023) compared to the results
of the study of Kim et al. 2018 who found that the risk of
mortality from CVD was significantly decreased with the
use of hypnotics (29). The reason for the difference in the
results could be that most participants in our study did not
receive sleep medications during the last month. This can
be clarified by the emerging evidence on anxiety,
insomnia, and CVD risk. The hypnotics relieve insomnia
and alleviate anxiety, therefore decreasing CVD risk. The
use of hypnotics for CVD treatment is still controversial.
Moreover, the effect of hypnotics depends on the type of
hypnotics as zolpidem decreases while benzodiazepines
increase the risk of mortality from CVD (30).
The present study revealed that participants with
PSQI ≤5 indicating good sleep quality had lesser risk for
CVD (p value = 0.014). This is consistent with the study of
Lao et al. (2018) conducted on Asian adults which stated
that short sleep duration and sleep quality are related to the
risk of coronary heart disease (6). In contrast, Abraham
2016 found no significant link between sleep and CVR
factors using PSQI. The reason for this could be that the
participants enrolled in Abraham’s study were college
students aging from 18 to 25 years old (31).
The present study found a significant relationship (p
value = 0.012) between the severity of the CVR and RLS
which is consistent with the study of Winkelman et al.
(2008) which found an association between RLS and
CVD. The association appears stronger with greater
frequency or severity of RLS symptoms (32). The reason for
this could be that leg movement during sleep leads to the
activation of the sympathetic nervous system resulting in
an increase in blood pressure and heart rate. Furthermore,
co-occurring conditions such as elevated blood pressure
and obesity may explain the link between RLS and CVD.
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Study limitations
Although the sample was calculated, the small sample size
and limited age as well as limited collection of the sample
from one place, despite a high flow rate, might have
affected the results. Despite the valuable self-reports of
sleep, electroencephalographic studies provide better direct
measures of sleep.

CONCLUSION AND RECOMMENDATIONS
The findings of this study provide a further understanding
of the connection between cardiovascular health and sleep,
since sleep might be considered a modifiable factor for
cardiovascular diseases. For patients with sleep disorders, a
CVR assessment should be part of their routine evaluation.
Moreover, sleep should be added as part of assessing heart
health. Large epidemiological studies in Egypt are required
for a better understanding of the link between sleep and
cardiovascular health. Finally, in patients with sleep
problems, improving sleep to prevent CVD should be
considered, since the treatment costs of sleep disorders and
sleep loss are expensive.
Family physicians are ideally suited to manage the
risk factors for CVD in patients with sleep problems in
order to prevent future cardiovascular events.
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