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A Speckle-Tracking Echocardiography Study: Cardiac Effect of Sleep Duration
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ABSTRACT

Objective: Sleep is a complex event involving various physiological
processes. Recent studies during the last few years have shed light on
the effects of sleep duration on health. We investigated the cardiac
effects of sleep duration on speckle-tracking echocardiography. We
divided the patients into 2 groups who slept more or less than 7 hours
and evaluated all of them with transthoracic echocardiography.

Methods: This study was a retrospective study was conducted to
investigate the cardiac effects of sleep duration. Between June 2021
and February 2022, 129 individuals who were admitted to our hospital
for routine check-up with no known chronic disease and with normal
and good quality echocardiographic examination were included in the
study. The patients who were eligible for the study design were called
by the investigator to obtain information on average sleep duration,
and two groups were defined by the self-reported sleep duration (<7
hours, >7 hours per day) and were used in the statistical analyses.

Results: A total of 129 patients [<7 hours (n=80), >7 hours (n=49) per
day] were enrolled in this study. All echocardiographic parameters
were compared with sleep duration. Among these parameters,
left ventricular (LV) global longitudinal strain (GLS) was found to be
greater in the group who slept less. (-21.5+2.6 vs. -20.3+2.2 p=0.005).
However, being within normal limits, LV end diastolic diameter and
right heart chambers were found to be more enlarged in those who
slept 7 hours or less than 7 hours. It was also observed that the right
atrial volume was higher in the less sleeper group

Conclusion: As a result, GLS, which is one of the parameters showing
LV function, was found to be less in healthy people with a sleep time
above a certain period, and we believe that this may be a hypothesis to
explain the relationship of long sleep time with cardiovascular events.
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Amag: Uyku, cesitli fizyolojik stiregleri igeren karmasik bir olaydir. Yakin
zamanda yapilan galismalar, uyku suresinin saglk tizerindeki etkilerine
151k tutmustur. Biz de ¢alismamizda uyku siresinin kalpte speckle-
tracking ekokardiyografi bulgulari tizerine etkisini arastirdik. Hastalar
7 saatten fazla uyuyan ve az uyuyan olarak 2 gruba ayirdik ve hepsini
transtorasik ekokardiyografi ile degerlendirdik.

Yontemler: Bu ¢alisma, uyku siresinin kardiyak etkilerini arastirmak
amaciyla yapilan retrospektif bir ¢alismadir. Hastanemize Haziran
2021-Subat 2022 tarihleri arasinda kontrol amagli basvuran,
bilinen kronik bir hastaligi olmayan, normal ve goérinti kalitesi iyi
ekokardiyografiye sahip 129 kisi c¢alismaya alindi. Calismaya dahil
edilmeye uygun hastalar, ortalama uyku stiresi hakkinda bilgi almak
amaciyla bir arastirmaci tarafindan arandi ve hastalar kendilerinin sézel
olarak belirttigi uyku surelerine istatistiksel analizlerde kullanilmak
Uzere iki gruba (giinde <7 saat, >7 saat) ayrildi.

Bulgular: Bu galismaya toplam 129 hasta [glinde <7 saat (n=80), >7
saat (n= 49)] alindi. Tum ekokardiyografik parametreler uyku siresi
ile karsilastirildi. Bu parametreler arasinda sol ventrikil (LV) global
longitudinal strain (GLS) daha az uyuyan grupta daha fazla bulundu
(-21,5+2,6 vs. -20,3+2,2 p=0,005) Ayrica LV end diyastolik capi ve sag
kalp bosluklarinin gaplari 7 saat veya 7 saatten az uyuyanlarda daha
fazla genislemis olarak bulundu. Yine daha az uyuyan grupta sag atriyal
hacmin daha yiiksek oldugu gozlendi.

Sonug: Sonug olarak, LV fonksiyonunu gosteren parametrelerden
biri olan GLS degerinin, uyku siresi belirli bir slrenin Uzerinde
olan saglikh kisilerde daha az oldugunu saptadik. Bunun uzun uyku
suresinin kardiyovaskdler olaylarla iligkisini agiklamak igin bir hipotez
olabilecegini diisinmekteyiz.

Anahtar  Sozciikler:  Ekokardiyografi, uyku, speckle-tracking
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INTRODUCTION

Sleep is a complex event involving various physiological processes.
Recent studies during the last few years have shed light on the effects
of sleep duration on health (1). Currently, there is no evidence of
harm and long-term consequences of sleeping between 6-8 hours a
day, but there are data on the benefits of consistent sleep between 6
and 8 h per night (2). Many factors such as the variety of studies, how
sleep duration is determined, the diversity in the studied populations,
and the selection of parameters that are considered to be affected
by sleep duration affect the results, which makes it challenging to
obtain a clear result about healthy sleep duration and its effects
(2). Over recent years, there has been a good amount of evidence
suggesting that too little or too much sleep is related to adverse
health outcomes such as mortality (3,4), cardiovascular disease (5-
7), respiratory disorder (8), type 2 diabetes (9) hypertension (10,11),
and obesity (12,13). Unlike the cardiovascular adverse effects of
short sleep duration, there are no compelling hypotheses regarding
the mechanism of the relationship between long sleep and illness. In
addition, there is only little empirical data to make clear inferences.
Myocardial strain imaging can measure left ventricular (LV) global
longitudinal strain (GLS) and provides objective quantification of LV
myocardial deformation (14). In our current study, we divided the
patients into 2 groups who slept more or less than 7 h and evaluated
all of them with speckle-tracking echocardiography (STE).

MATERIALS AND METHODS

This retrospective study was conducted to investigate the cardiac
effects of sleep duration. Echocardiographic assessment was
performed by two experienced echocardiography specialists.
The study protocol was approved by the Local Ethics Committee
of Memorial Bahgelievler Hospital (approval number: 34, date:
23.03.2022). Written and verbal consent was obtained from all the
patients. Between June 2021 and February 2022, 160 individuals
who were admitted to our hospital for routine check-up with no
known chronic disease were scanned, and patients with normal
and good quality echocardiographic examination were included in
the study. Patients with poor image quality and whose images were
unsuitable for strain examination on echocardiography, who did not
answer our phone calls, who had a chronic disease such as asthma,
coronary heart disease, hypertension, diabetes, or obstructive sleep
apnea, and who were on regular medical treatment were excluded
from the study. After all patients were evaluated according to the
exclusion criteria, 129 patients were enrolled. The patients who
were eligible for the study design were called by the investigator to
obtain information on average sleep duration, and two groups were
defined by the self-reported sleep duration (<7 h, >7 h per day) and
were used in the statistical analyses.

Echocardiographic Evaluation

Transthoracic echocardiography examinations were performed
according to the recommendations of the American Society of
Echocardiography. M-mode, two-dimensional imaging, conventional,
tissue Doppler evaluation at the septal and lateral mitral annulus,
and strain imaging were obtained in all patients at rest in the left
decubitus position (15). The echocardiography machine that was

used for all patients was a “Philips Epiq 7C.” Patients without
optimal image quality to perform strain analysis were excluded from
the study. The echocardiographic images were analyzed by one
experienced cardiologist using the workstation “QLAB version 13.”

Data Analysis

STE was performed on four consecutive cardiac cycles of two-
dimensional left ventricle (LV) images from the three standard apical
views for LV and left atrium (LA); right ventricle (RV) focused apical
4 chamber according to the latest guidelines and a novel 2D strain
analytical software (AutoStrain, Philips) was used for strain analysis
(16). This software is able to define the region for tracking around
a line automatically, and it allows manual changes afterwards. In
segments with poor tracking, the border was re-adjusted manually
until the best tracking was obtained. Furthermore, RV global
longitudinal strain and RV free wall strain, components of left atrial
strain (LAS) (atrial reservoir (LAS-r), conduit (LAS-cd), and contractile
(LAS-ct) function) were examined according to the recommendations
of the European Association of Cardiovascular Imaging (16).

Statistical Analysis

Continuous variables are presented as mean * standard deviation,
and categorical data are presented as percentages or frequencies.
Continuous variables were examined by the Kolmogorov-Smirnov
test to check for normality of distribution. The patient population was
categorized on the basis of sleep duration. Baseline characteristics
were compared between groups using Student’s t-test or the x*test.
A two-tailed p-value of <0.05 was considered statistically significant.
All data were analyzed using SPSS version 23.0.

RESULTS

We included 129 individuals (71 male and 58 female). The basal
clinical characteristics of the patients are presented in Table 1. The
mean age of participants who slept 7 hours or less than 7 hours was
36.219.2, while the mean age of those who slept for more than 7
hours were 33+11.

All echocardiographic parameters were compared with sleep
duration. Among these parameters, LV-GLS was found to be greater
in the group who slept less. (-21.5+2.6 vs. -20.3+2.2 p=0.005).
However, being within normal limits, left ventricular end diastolic
diameter (LVEDD) and right heart chambers were found to be more
enlarged in those who slept 7 hours or less than 7 hours. It was also
observed that the right atrial volume was higher in the less sleeper
group. The analysis of standart echocardiographic parameters and
STE findings according to sleep duration is summarized in Table 2, 3
respectively.

DISCUSSION

In the current study, we evaluated the effects of sleep duration on
cardiac functions with STE. The main result of our study was that the
LV-GLS value was lower in people who slept more than 7 h than in
those who slept for 7 h or less. According to the statistical results,
although LV-GLS values were within normal limits in both groups,
they were significantly lower in those who slept more than 7 h.

169



GMJ 2024;35:168-172

Bingol et al. A Speckle-Tracking Echocardiography Study

Table 1. Clinical and basic biochemical features of the patients

Sleep duration <7 hours (n=80) Sleep duration 27 hours (n=49) p
Age (years) 36.219.2 33111 0.078
Height (cm) 169.2+9.3 166.1+9.8 0.074
Weight (kg) 72.5+12.7 69.8+12.7 0.230
Haemoglobin (gr/dL) 14.2+1.9 13.612.3 0.097
Haematocrit (%) 43+5 42441 0.243
Creatinine (mg/dL) 0.8+0.2 0.8+0.2 0.689
ALT (U/L) 19+11.5 18.8+21.1 0.931
AST (U/L) 19.3+12.9 23+34.2 0.388
Serum fasting glucose (mg/dL) 97.4+20 100£13.7 0.419
TSH (mU/L) 2+1.2 2.2+1.1 0.478
Estimated GFR (mL/min) 109.9+19.1 107.9+18.6 0.566
ALT: Alanine aminotransferase, AST: Aspartate transaminase, TSH: Thyroid stimulant hormone, GFR: Glomerular filtration rate.
Table 2. Standard echocardiographic parameters according to sleep duration

Sleep duration <7 hour Sleep duration 27 hour p

LVEF (%) 65.1+4.1 65.5+3.9 0.677
RVEF (%) 58.716.7 58.916.9 0.870
LVEDD (cm) 4.610.4 4.5+0.4 0.039
LVESD (cm) 2.7+0.4 2.5+0.4 0.056
LVEDV (mL) 79.2+20.1 73.2£17.9 0.112
LVESV (mL) 27.5£7.9 25.616.8 0.206
LA volume (mL) 45+18.9 41.9+16.3 0.375
RA volume (mL) 39.1+12.1 33.6+£14.9 0.035
LA diameter (cm) 3.3+0.5 3.1+0.4 0.099
RVEDD (cm) 3.4+0.5 3.2+0.5 0.018
RA diameter (cm) 3.5+0.5 3.1+0.6 0.001
TAPSE (cm) 2.3+0.4 2.3+0.4 0.228
MAPSE (cm) 1.6+0.3 1.6+0.3 0.601
Mitral inflow E wave (m/sec) 0.7+0.2 0.8+0.2 0.052
Mitral inflow A wave (m/sec) 0.6+0.1 0.6£0.2 0.104
Septal e’ (m/sec) 10.3+2.1 10.7£2.6 0.404
Septal a’ (m/sec) 7.5+2 7.1+1.8 0.351
Septal s’ (m/sec) 7.1+1.2 7+1.1 0.961
Lateral e’ (m/sec) 14.143.8 14.843.9 0.365
Lateral a’ (m/sec) 7.5+1.9 7.842.3 0.521
Lateral s’ (m/sec) 9.8+2.3 9.5+2.3 0.404
IVRT (msec) 88.9+20.7 84.3+21.3 0.268
DT (msec) 128.5+37.5 136.8+36.1 0.273
TR maximum velocity (m/sec) 2.3+0.2 2.2+0.3 0.067
Estimated PAPs (mmHg) 25.8+4.4 24.4+3.9 0.107

LVEF: Left ventricular ejection fraction, RVEF: Right ventricular ejection fraction, LVEDD: Left ventricular end-diastolic diameter, LVESD: Left ventricular end-
systolic diameter, LA: Left atrium, RA: Right atrium, RVEDD: Right ventricular end-diastolic diameter, TAPSE: Tricuspid anular plane systolic excursion, MAPSE:
Mitral anular plane systolic excursion, IVRT: Isovolumetric relaxation time, DT: Deceleration time, TR: Tricuspid regurgitation, PAPs: Systolic pulmonary artery
pressure.
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Table 3. STE components according to sleep duration

Sleep duration <7 hour Sleep duration 27 hour p
LV-GLS (%) -21.5%2.6 -20.3%2.2 0.005
LA-r (%) 49.4+15.3 50.1+16.4 0.822
LA-cd (%) -34.8+11.7 -33.3%12.1 0.488
LA-ct (%) -14.5%11 -16.8+9.6 0.242
RV-FWSL (%) -29.3#5.5 -27.8+5.7 0.121
RV-GLS (%) -25+7.3 -24.7+5 0.780

STE: Speckle-tracking echocardiography, RV-FWSL: Right ventricular free wall longitudinal strain, RV-GLS: Right ventricular global longitudinal strain, LV-GLS: Left
ventricular global longitudinal strain, LAS-R: Left atrial reservoir strain, LAS-cd: Left atrial conduit strain, LAS-ct: Left atrial contractile strain.

Although various studies have shown the effects of long sleep
duration on cardiovascular health, to the best of our knowledge,
there is no study in the literature showing its relationship with LV-
GLS. LV-GLS is a measure of LV myocardial shortening, which is a
good marker for LV dysfunction and determining cardiovascular
events in patients with various diseases and healthy people (17).

Sleep is anindispensable physiological activity for people to maintain
their lives optimally. Many studies conducted to date have shown
that sleep duration is associated with morbidity and mortality (9,18).

In our study, we found that LV-GLS was lower in people who slept
more than 7 hours compared to the people who slept 7 hours or
less. In a multicenter study by Wang et al. (18), the relationship
between sleep duration, death, and major cardiovascular events was
investigated. As a result of this study, it was observed that the risk of
death and major cardiovascular events was increased in people who
slept 6 hours or less and people who slept for more than 8 hours.
In this study, it was observed that the risk increase in people who
slept 6 h or less was less than that in those who slept 9-10 hours,
and this risk was even higher in people who slept 10 hours or more
[<6 hours hazard ratio (HR): 1.09, 9-10 hours HR: 1.17, >10 hours
HR: 1.41] (18). In a meta-analysis, Cappuccio et al. (9) investigated
the relationship between sleep duration and coronary heart disease,
cardiovascular causes, and stroke-related death. Because of this
meta-analysis, the risk of death from coronary artery disease and
stroke was found to be high in both groups, but a significant increase
in cardiovascular mortality was not found in the group with short
sleep duration, unlike long sleep duration (9). In another meta-
analysis, Yin et al. (19) compared people who slept 7 h or less with
those who slept more than 7 hours. As a result of this analysis, it
was shown that the risk of coronary heart disease, cardiovascular
disease, stroke, and total mortality increased with each hour of
decrease and/or increase in sleep time. They also found that each
hour of oversleeping increased the risk of these events by more than
one hour of less sleep (19).

As seen in the above-mentioned studies and meta-analyses, long
sleep duration increases the risk of cardiovascular morbidity and
mortality. Due to this situation, a clear mechanism has not yet
been revealed. One of the most prominent hypotheses at the
moment is that long sleep duration may be a marker of one or
more underlying diseases. In a study by Patel et al. (20), it was
observed that in conditions such as systemic lupus erythematosus
and various psychiatric pathologies such as depression, excessive
alcohol intake, and obesity, the rate of sleep for 7 hours or more was

higher. Similarly, in another study, Stranges et al. (21) showed that
people who slept for 8 hours or more had less physical activity and
worse results in the SF-36 questionnaire, which indicates physical
health. Krueger and Friedman (22), on the other hand, compared
people who sleep 9 hours or more per day with those who sleep 7
hours. Compared with the other group, the prevalence of diabetes,
cardiovascular diseases, and smoking history was higher in people
who slept a lot (22). As seen in the aforementioned studies, it should
be kept in mind that long sleep duration may not be a cause of
adverse cardiovascular events in the studies but a reflection of the
comorbidities that cause these events.

Another result of our study was that LVEDD and the diameters of
the right heart chambers were larger in the group with a short
sleep duration. Similar to our study, Lee et al. (23) demonstrated
that LVEDD was significantly higher in people who slept for 7 h or
less compared with other groups, yet no evaluation of right heart
chambers was performed in this study. Although there is no clear
explanation for the short sleep duration and the presence of
enlargement of the heart chambers, various hypotheses can be put
forward. It was first shown in studies that short sleep duration was
associated with increased adrenergic tone (24,25) that may have
increased the release of renin in the macula densa in the kidney via
beta receptors, leading to sodium retention and consequently an
increase in intravascular volume. This may explain the increase in
the right and left ventricles, especially because of increased preload.
This can also be explained by the increase in adrenergic tone,
which may cause an increase in LV end-diastolic volume because of
increased blood pressure in patients and a consequent increase in
afterload. Therefore, we believe that more studies are needed on
this subject.

Study Limitations

Our study has several limitations. The first limitation is that the
study was a single-center study and the number of patients included
was small. Second, verbal learning of sleep duration and not using
polysomnography may have affected the results of the study. some
sleep disorders and sleep quality, particularly those detected by
polysomnography, affect cardiovascular health.

CONCLUSION

As aresult, GLS, which is one of the parameters showing LV function,
was found to be less in healthy people with a sleep time above a
certain period, and we think that this may be a hypothesis to explain
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the relationship of long sleep time with cardiovascular events. In
addition, there may be significant changes in the geometry of the left
and right heart chambers due to increased adrenergic tone during
short sleep. We think that further studies are needed to reflect this
situation in the clinic.
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