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 Background: The aim of this study was to measure sleep quality among patients who underwent infective endocarditis (IE) 
surgery and identify the risk factors involved in sleep disorders.

 Material/Methods: In this study, we used actigraphy, the Pittsburgh Sleep Quality Index (PSQI), and Epworth Sleep Scale (ESS) to 
determine the clinical characteristics of sleep disorders in 116 patients with IE who were in rehabilitation af-
ter surgery.

 Results: Our results showed that 46 (39.7%) patients had sleep efficiency over 85%, while 70 (60.3%) patients had sleep 
efficiency below 85%. The correlation analysis showed that sleep efficiency was related to the duration of the 
disease, with a longer duration leading to lower sleep efficiency (P=0.031). The sleep efficiency of patients with 
IE following surgery was also affected by alcohol consumption; however, surprisingly, patients with “heavy” 
alcohol consumption had higher sleep efficiency (P=0.030). We found a significant correlation between sleep 
efficiency and postoperative interleukin-6 (IL) levels, C-reactive protein (CRP) levels, and preoperative erythro-
cyte sedimentation rate (P<0.05). No significant correlation was found between brain natriuretic peptide levels 
and sleep efficiency, PSQI score, or ESS score. Postoperative hemoglobin (Hb) level was associated with sleep 
efficiency (R=0.194, P=0.036), but there was no statistically significant correlation between the PSQI and ESS 
scores. Postoperative alanine transaminase (ALT) showed a significant negative correlation with sleep efficien-
cy (R=-0.27, P=0.003).

 Conclusions: We found a high prevalence of sleep disorders in patients with IE along with an increase in inflammatory fac-
tors, including postoperative IL-6, CRP, ALT, and Hb levels.
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Background

Sleep disorders refer to a collection of conditions that affect 
sleep quality and duration and impact an individual’s ability 
to function efficiently while they are awake. Sleep disorders 
have a high incidence in patients with chronic medical condi-
tions, such as diabetes, high blood pressure, and cardiovas-
cular disease, and can aggravate the severity of disease [1,2]. 
Various sleep-related components, such as sleep efficiency and 
sleep time, are involved in systemic pathophysiological pro-
cesses in the body, such as metabolism and the cardiovascu-
lar system. Sleep efficiency, one of the most critical compo-
nents of sleep, is the percentage of total time spent asleep. 
Infective endocarditis (IE) is an intimal microbial infection that 
causes local inflammation and persistent bacteremia, followed 
by pneumonia, septicemia, and intra-abdominal abscess [3]. 
Even with the best treatment, IE is still a serious disease with 
poor outcomes. A systematic review of 15 studies including 
patients from the United States and Europe over the past few 
decades showed that hospital mortality has not changed since 
the 1980s, with the average hospital mortality rate ranging 
from 17% to 20% per decade [4]. This significant risk of hos-
pitalization followed by death requires joint efforts from all 
medical, cardiac, and health personnel involved in the care 
of patients with IE to improve the prognosis at all stages of 
the disease. However, IE is often accompanied by sleep disor-
ders, and increasing evidence indicates that sleep disorders 
can induce or aggravate cardiovascular disease, damage liver 
function, cause inflammation or insulin resistance, affect the 
quality of life of patients, and delay their recovery from dis-
ease [5,6]. Previous clinical studies have demonstrated that 
insufficient sleep causes inflammation, and plasma C-reactive 
protein (CRP) concentration increases in patients with sleep 
deprivation and poor sleep quality [7,8]. However, some stud-
ies have found no association between sleep time, sleep qual-
ity, and CRP levels [9,10]. There are many studies on sleep dis-
orders in patients with somatic diseases; however, there have 
been few studies reported on sleep disorders in patients with 
IE. In the present study, we assessed sleep quality in patients 
following IE surgery using the Pittsburgh Sleep Quality Index 
(PSQI), Epworth Sleep Scale (ESS), and actigraphy.

Material and Methods

Patients

This study included patients with IE who underwent cardiac 
surgery at the Guangdong Provincial People’s Hospital between 
October 2016 and September 2018. All patients had indications 
for cardiac surgery and underwent either repair of damaged 
heart valves (valve repair) or replacement of damaged heart 
valves with prosthetic valves (valve replacement) according to 

the 2015 European Society of Cardiology Guidelines for the 
Management of Infective Endocarditis [11]. Patients received 
postoperative medical monitoring and care in the cardiac in-
tensive care unit after completing surgical treatment. Once a 
patient’s condition stabilized and was reviewed and approved 
by the cardiac surgeons, the patient was transmitted to the 
rehabilitation ward for postoperative antibiotic and recovery 
treatment. The exclusion criteria in the study were (1) uncon-
sciousness; (2) history of mental disorders; (3) complication 
with stroke; and (4) uncontrollable infection. We also includ-
ed the course of the disease as a research indicator, which in-
cluded date of disease diagnosis to date of hospitalization. 
In this study, the subjective scales and objective evaluation 
methods were carried out within 1 week after a patient en-
tered the rehabilitation ward.

The study was approved by the Hospital Ethics Committee 
(No. GDREC2016222H R2). All procedures involving human 
participants were performed following the ethical standards 
of the institutional and/or national research committee and 
the Declaration of Helsinki and its later amendments, or com-
parable ethical standards. Written informed consent was ob-
tained from all participants.

Data	Collection

Demographic information, inflammatory biomarkers, includ-
ing white blood count (WBC), erythrocyte sedimentation rate 
(ESR), CRP, and interleukin 6 (IL-6), embolic complications, oth-
er laboratory test results, and ultrasound results (size of the 
excrescence and multi-valve involvement), were collected from 
the patients’ electronic medical records.

Sleep Efficiency Assessment

Objective Sleep Measure

The ActiGraph accelerometer (Actigraph Corporation, Pensacola, 
FL, USA) is widely used for objective ambulatory measurements. 
In actigraphy, compared with traditional polysomnography, the 
wearer can move freely, and the average sleep efficiency can 
be calculated after completing the sleep test. In this study, 
participants were given an ActiGraph to examine various as-
pects of sleep depending on body movement. Actigraphy sleep 
parameters included sleep efficiency (the percentage of the 
time spent asleep in bed divided by the total time in bed), to-
tal sleep time, wake after sleep onset (total minutes awake af-
ter sleep onset), and the number of awakenings. Patients were 
also asked to keep a daily sleep diary, which included subjec-
tive information about their wake time and bedtime. The sleep 
diary was primarily used to assist with manually identifying 
sleep onset and wake time intervals each night to calculate 
each sleep measure collected by actigraphy.
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The ActiGraph accelerometer was used to monitor patients’ 
sleep for 5 to 14 days. Then, the actigraphy data and sleep di-
aries were collected from all patients. ActiLife 6 analysis soft-
ware was used to analyze the actigraphy data. The “automatic 
interpretation and review” function in the software was used 
for early-stage data processing. Based on the results from au-
tomatic interpretation, manual correction was performed when 
necessary, using patients’ sleep diaries as references. The aver-
age values of the above-mentioned indicators (sleep efficien-
cy, total sleep time, total minutes awake after sleep onset, and 
the number of awakenings) were recorded. A widely accepted 
normal range for sleep efficiency is >85%.

Subjective Sleep Questionnaires

On the second day after transfer from the cardiac intensive 
care unit to the general rehabilitation ward, patients were in-
structed to complete the PSQI and the ESS questionnaires in-
dependently or with help from an investigator. The complet-
ed questionnaires were then analyzed by the investigator(s).

Pittsburgh Sleep Quality Index

The PSQI is a self-administered standardized questionnaire 
used to assess retrospective sleep quality and disturbances 
in patients over a period of 1 month. The translated PSQI is 
a 19-item self-rated questionnaire composed of 7 subscales, 
which include sleep quality, sleep latency, sleep duration, sleep 
efficiency, sleep disorders, sleep medications, and daily dys-
function. The score for each subscale ranges from 0 to 3. The 
7 component scores are summed to produce a PSQI global 
score, which ranges from 0 to 21 [12]. A PSQI score ³8 points 
indicates poor sleep quality, while a PSQI score <8 points rep-
resents good sleep quality [13,14].

Epworth Sleep Scale

The ESS is an 8-item self-reported daytime sleepiness scale. 
Respondents indicate how often they exhibit sleep behav-
iors in 8 different situations using a 4-point Likert type scale 
(0=never to 3=high probability). The total score of responses 
ranges from 0 to 24. An ESS score of ³9 indicates excessive 
sleepiness during the daytime [15].

Statistical Analysis

All statistical analyses were done using the R language soft-
ware package (version 3.6.1) and ggplot2 was used to plot 
the correlations. Descriptive data analysis was presented as 
mean±standard deviation for continuous variables or n (%) for 
categorical variables. Variables were tested for normal distri-
bution using the Kolmogorov-Smirnov test. The Pearson corre-
lation coefficient was used to explore the correlation between 

sleep efficiency, PSQI scores, and ESS scores. A P value <0.05 
indicated statistical significance.

Results

A total of 116 patients with IE (80 men and 36 women) aged 
between 18 and 75 years were enrolled in the study. Among 
them, 41 (35.3%) patients underwent repair of damaged heart 
valves, while 75 (64.7%) had damaged heart valves replaced 
with prosthetic valves. The ActiGraph accelerometer was used 
to measure sleep quality, and the results showed that 46 pa-
tients had sleep efficiency above 85%, while 70 patients had 
sleep efficiency below 85%. Compared with patients with sleep 
efficiency ³85%, patients with sleep efficiency <85% had signif-
icant differences in alcohol consumption, duration of disease, 
and inflammation indicators (preoperative ESR, postoperative 
CRP levels, and IL-6 levels). In the <85% group, alcohol con-
sumption was more frequent, duration of disease was short-
er, and levels inflammatory indicators were lower. We found 
no significant differences in sex, age, body mass index (BMI), 
coffee or tea consumption, WBC, hemoglobin (Hb), albumin 
(Alb), alanine transaminase (ALT), and complications of embo-
lism before and after surgery between the 2 groups.

The actigraphy data showed that the median sleep efficiency 
was 75.7%, median sleep latency was 11.2 min, median to-
tal time in bed was 531.0 min, median total sleep time was 
399.1 min, and the median occurrence of nocturnal awaken-
ings was 22.1 times. The median duration of awakenings was 
93.1 min, with an average of 4.3 min each time in patients 
with sleep efficiency <85%. Significant differences were ob-
served in sleep efficiency, total time in bed, total sleep time, 
duration of awakenings, and average awakening duration. 
Sleep efficiency and total sleep time were significantly low-
er (P<0.001; P=0.028) in patients with sleep efficiency <85%, 
compared with those with sleep efficiency ³85%, while total 
time in bed (P=0.003), duration of awakenings (P=0.003), and 
average awakening duration(P=0.005) were significantly high-
er. However, we found no significant differences in sleep la-
tency (P=0.222) and frequency of awakenings (P=0.156). The 
actigraphy results are detailed in Table 1.

In patients with sleep efficiency <85%, the mean PSQI score 
and the number of cases with a PSQI score ³8 were 9.5 and 41 
(58.6%), respectively, which were significantly higher than those 
in patients with sleep efficiency ³85%. However, there were no 
significant differences in the mean ESS score and the number 
of cases with ESS score ³9 among these patients. Additional 
results regarding the scale measures are presented in Table 1.

We performed a correlation analysis on the clinical character-
istics of patients and sleep efficiency, and the results showed 
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Variable
Sleep efficiency <85

(n=70)
Sleep efficiency ³85

(n=46)
P value

Sex (Male)  46 (66.7%)  34 (72.3%) 0.466

Age (years)  43.8±14.2  43.4±15.2 0.885

BMI (kg/m2)  20.4±3.6  20.4±3.0 0.968

Alcohol consumption 0.030

 Never  34 (49.3%)  24 (51.1%)

 Sometimes  33 (47.8%)  14 (29.8%)

 Frequently  3 (4.3%)  8 (17%)

Coffee or tea consumption 0.337

 Never  15 (21.7%)  5 (10.6%)

 Sometimes  44 (63.8%)  33 (70.2%)

 Frequently  11 (15.9%)  8 (17%)

Duration of disease 0.031

 Less than 2 weeks  7 (10.1%)  4 (8.5%)

 3-4 weeks  11 (15.9%)  17 (36.2%)

 >4 weeks  52 (75.4%)  25 (53.2%)

Preoperative WBC (×109/L)  8.6±3.4  8.0±2.6 0.359

Postoperative WBC (×109/L)  18.9±8.6  19.0±7.8 0.951

Preoperative Hb (g/L)  109.5±23.9  112.2±23.6 0.551

Postoperative Hb (g/L)  99±14.1  103.0±14.9 0.144

Preoperative ALT (U/L)  47.2±120.2  25.1±23.4 0.221

Postoperative ALT (U/L)  25.3±21.3  26.9±25.9 0.704

Preoperative Alb (g/L)  33.8±5.5  34.1±5.4 0.745

Postoperative Alb (g/L)  32.6±4.1  32.3±4.4 0.727

Preoperative ESR (mm/h)  43.8±32.2  31.8±23.0 0.021

Preoperative CRP (mg/L)  27.8±27.7  20.7±24.3 0.162

Postoperative CRP (mg/L)  36.1±26.7  20.5±23.2 0.001

Postoperative IL-6 (ng/mL)  28.7±17.2  17.2±19.9 0.001

Preoperative ProBNP (ng/mL)  1785.6±3377.0  1663.8±3216.9 0.847

Postoperative ProBNP (ng/mL)  1270.8±1489.3  1577.9±2349.8 0.390

Vegetation ³10 mm, n (%)  57 (82.6%)  40 (85.1%) 0.595

Multiple valve involvement, n (%)  4 (5.8%)  6 (12.8%) 0.299

Complication of embolism, n (%)  19 (27.5%)  6 (12.8%) 0.115

Sleep efficiency (%)  75.7±6.9  88.7±2.8 <0.001

Sleep latency (min)  11.2±3.8  10.3±3.8 0.222

Table 1. Analysis of clinical features of patients with infective endocarditis according to sleep efficiency (n=116).
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that sleep efficiency was related to the duration of the dis-
ease: a longer duration led to lower sleep efficiency (P=0.031). 
Concurrently, we found that sleep efficiency was associat-
ed with alcohol consumption, but surprisingly, patients with 
“heavy” consumption of alcohol had a higher sleep efficiency 
(P=0.030). There was no correlation between sleep efficiency 
and embolic complications, size of the vegetation, and multi-
valve involvement (Table 1).

The numbers of patients who underwent replacement of dam-
aged heart valves with prosthetic valves in the sleep efficiency 
<85% group (n=70) and the sleep efficiency ³85 group were 
45 (60.0%) and 30 (40.0%), respectively, with no significant 
difference between the groups (Table 1). We further com-
pared the sleep characteristics of patients undergoing differ-
ent types of cardiac surgeries (valve repair or valve replace-
ment) and found no significant differences in sleep efficiency, 
sleep latency, total time in bed, total sleep time, duration of 

Table 1 continued. Analysis of clinical features of patients with infective endocarditis according to sleep efficiency (n=116).

Variable
Sleep efficiency <85

(n=70)
Sleep efficiency ³85

(n=46)
P value

Total time in bed (min)  531.0±97.5  480.0±68.9 0.003

Total sleep time (min)  399.1±63.8  425.5±60.4 0.028

Duration of awakenings (min)  93.1±42.1  71.7±29.3 0.003

Average awakening duration (min)  4.3±5.9  3.6±0.8 0.005

Frequency of awakenings  22.1±5.9  20.4±6.9 0.156

PSQI (points)  9.5±4.5  6.3±3.1 <0.001

PSQI ³8, n (%)  41 (58.6)  16 (34.8) 0.012

ESS (points)  7.1±3.4  7.3±4.1 0.769

ESS ³9, n (%)  21 (30.0)  14 (30.4) 0.960

Valve replacement, n (%)  45 (60.0)  30 (40.0) 0.918

BMI – body mass index; WBC – white blood cell count; Hb – hemoglobin; ALT – alanine aminotransferase; Alb – albumin; 
ESR – erythrocyte sedimentation rate; CRP – C-reactive protein; IL-6 – interleukin 6; ProBNP – pro-brain natriuretic peptide; 
PSQI – The Pittsburgh Sleep Quality Index; ESS – Epworth Sleepiness Scale.

Variable Valve repair (n=41) Valve replacement (n=75) P value

Sleep efficiency ³85%, n (%)  16 (39.0)  30 (40.0) 0.918

Sleep efficiency (%) 80.3±9.0 81.2±8.3 0.595

Sleep latency (min) 11.1±3.8 10.7±3.9 0.646

Total time in bed (min) 527.9±91.5 501.5±89.2 0.134

Total sleep time (min) 420.2±61.6 403.7±64.2 0.182

Duration of awakenings (min) 78.6±30.5 87.9±42.5 0.223

Average awakening duration (min) 3.7±1.0 4.2±1.7 0.078

Frequency of awakenings 21.4±6.0 21.4±6.5 0.964

PSQI (points) 8.1±4.3 8.3±4.2 0.839

PSQI ³8, n (%)  18 (43.9)  39 (52.0) 0.404

ESS (points) 7.7±3.6 7.0±3.7 0.319

ESS ³9, n (%)  15 (36.6)  20 (26.7) 0.266

Table 2. Sleep characteristics of patients undergoing different types of cardiac surgery.

PSQI – The Pittsburgh Sleep Quality Index, ESS – Epworth Sleepiness Scale.
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awakenings, average awakening duration, frequency of awak-
enings, mean PSQI score, number of patients with PSQI ³8, 
mean ESS score, and number of patients with ESS score ³9 
between the 2 groups (Table 2).

The laboratory tests showed a clear correlation between sleep 
efficiency and inflammation factors such as preoperative ESR, 
postoperative CRP levels, and postoperative IL-6 levels (P<0.05); 
we also found that the postoperative Hb concentration and 
hematocrit (HCT) levels had a significant positive correlation 

with sleep efficiency. ALT is a transaminase enzyme measured 
clinically as a biomarker of liver function. Postoperative ALT 
levels showed a clear negative correlation with sleep efficien-
cy (R=-0.27, P=0.003), as shown in Figure 1.

Brain natriuretic peptide is a hormone secreted by cardiomy-
ocytes in response to stretching caused by heart failure or in-
creased ventricular pressure. In the present study, all patients, 
with or without heart failure, underwent cardiac surgery. We 
studied the association between brain natriuretic peptide 
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Figure 1.  Heat map analysis of factors related to sleep disorders. Statistical analysis of correlation coefficients between sleep 
disorders and related factors. The color of the bars shows the statistical value. BMI – body mass index; ESS – Epworth 
Sleepiness Scale; PSQI – Pittsburgh Sleep Quality Index; TST – total sleep time; WBC – white blood count; HGB – hemoglobin; 
HCT – hematocrit; NLR – neutrophil to lymphocyte ratio; GLU – glucose; SCR – serum creatinine; ALT – alanine transaminase; 
TP – total protein; ALB – albumin; TBIL – total bilirubin; DBIL – direct-reacting bilirubin; ProBNP – pro-brain natriuretic 
peptide; CRP – C-reactive protein; IL-6 – interleukin 6; ESR – erythrocyte sedimentation rate; ICU – Intensive Care Unit.
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levels and sleep efficiency, PSQI scores, and ESS scores and 
found no significant correlation between them (Figure 2A-2C). 
Scatter analysis showed that postoperative Hb levels increased 
with sleep efficiency (R=0.19, P=0.03). However, postopera-
tive Hb levels were not associated with PSQI or ESS scores 
(Figure 2D-2F).

Discussion

Sleep disturbance is a multifactorial process, which occurs in 
most patients undergoing cardiac surgery [16]. A recent study 
reported that the sleep quality of patients following coronary 
artery surgery was poor in the intensive care unit and hospital 
ward, and remained unimproved up to 6 months after patient 
discharge [17]. A systematic review by Liao et al showed that 
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Figure 2.  Correlation analysis between preoperative pro-brain natriuretic peptide and (A) sleep efficiency, (B) Epworth Sleepiness Scale 
(ESS), and (C) Pittsburgh Sleep Quality Index (PSQI), and (D) postoperative Hb and sleep efficiency, (E) Epworth Sleepiness 
Scale, and PSQI (F). PSQI – Pittsburgh Sleep Quality Index, ESS – Epworth Sleepiness Scale; ProBNP – pro-brain natriuretic 
peptide; HGB – hemoglobin.
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sleep quality in patients with heart surgery is associated with 
physical factors (eg, cardiac function and pain), psychological 
factors (eg, anxiety and depression), individual factors (eg, age 
and sex), and environmental factors (eg, noise and light) [18]. 
Sleep quality evaluation is divided into subjective and objec-
tive evaluations, and objective evaluation mainly depends on 
sleep monitoring tools [19]. Traditionally, sleep research has 
been mainly based on the use of subjective scales. However, 
several studies have found that there are some differences be-
tween the subjective scale and objective scale, despite there 
being a correlation between them. Some researchers hold the 
view that the 2 types of scales should not be applied togeth-
er [20,21]; however, others believe that studies need a com-
bination of objective and subjective sleep measurements to 
assess sleep in patients who may have sleep disorders [22]. 
Currently, the objective scale has been widely used to study 
clinical sleep, and various sleep monitoring technologies have 
been developed to detect sleep quality [23]. The ActiGraph is a 
new sleep monitoring tool that has been widely used for mon-
itoring sleep quality [24]. The motion sensor in the ActiGraph 
can predict and determine the depth of sleep by recording the 
motion and rest states of various parts of the human body. 
Based on individual needs, the body-monitoring instrument can 
be worn on the waist or on the wrist and ankle, and the wear-
er is free to move. Polysomnography is a widely used method 
to determine the quality and quantity of sleep as well as sleep 
architecture [25]. However, this methodology has limitations 
in studies involving the general population, especially in areas 
without access to polysomnography. By contrast, actigraphy is 
relatively inexpensive and easy to use, which makes the tech-
nique more realistic and feasible to use in large patient pop-
ulations. Several actigraphy sleep monitoring systems have 
been developed in recent years to help clinicians and scien-
tists. Actigraphy is widely used to objectively detect sleep, and 
sleep efficiency is calculated from actigraphy data, which ob-
jectively reflects the sleep quality of patients. Questionnaires 
are designed to estimate a patient’s total sleep time, sleep 
maintenance, wakefulness at night, mood, and physical feel-
ings upon waking. The PSQI is a self-rated questionnaire that 
measures sleep quality over a 1-month period and is wide-
ly used across different age groups [26]. The ESS is a self-ad-
ministered questionnaire available in different languages to 
estimate sleep quality in adults [27]. In the present study, we 
used actigraphy as an objective sleep measure for sleep dis-
orders and combined it with the PSQI and ESS to evaluate the 
sleep status of patients. Sleep analysis software continuous-
ly recorded patients’ sleep information, including waking and 
sleeping patterns. The sleep latency, total sleep time, number 
of awakenings at night, and sleep efficiency were investigat-
ed in the present study.

The results showed that the sleep efficiency of patients with IE 
was significantly reduced, with 70 (60.3%) patients out of 116 

having sleep efficiency lower than 85%. This confirmed that 
poor sleep quality is common in patients with IE. We found no 
relationship between sex, education level, marital status, or 
smoking history and sleep efficiency. Additionally, there was 
no clear relationship between sleep efficiency and type of car-
diac surgery, heart failure or valve involvement. However, we 
found that sleep efficiency was related to the duration of the 
disease, whereby patients with longer disease duration had 
lower sleep efficiency. We found that the patients with a more 
prolonged course of IE had mental burdens or other negative 
factors, which affected sleep quality. A cross-sectional survey 
was performed using structured questionnaires such as the 
Alcohol Use Disorder Identification Test-Korean (AUDIT-KR), 
and a revised version. The results of that study demonstrated 
that the AUDIT-KR score was significantly associated with the 
patient sleep quality, sleep duration, and sleep disturbance, 
but not with sleep efficiency and daytime dysfunction [28]. 
We found a slight correlation between sleep efficiency and al-
cohol consumption. However, in the present cohort, patients 
who consumed more alcohol often had high sleep efficiency, 
which might be explained by the relatively small sample size 
of the current study.

Sleep plays a vital role in regulating the body’s innate and 
adaptive immune responses, and poor sleep quality is associ-
ated with chronic inflammation. Several cytokines and chemo-
kines, such as IL-1b, IL-6, TNF-a, and high-sensitivity CRP, are 
related to poor sleep quality [29,30]. A previous study reported 
that poor sleep quality is equivalent to insulin resistance and 
is a risk factor for metabolic and cardiovascular diseases [31]. 
In the present study, we used the PSQI and actigraphy to eval-
uate sleep quality, and the levels of inflammatory cytokines 
and chemokines were detected to evaluate the inflammato-
ry state. Consistent with most of the literature, we found that 
sleep efficiency was related to ESR, postoperative CRP levels, 
and postoperative IL-6 levels, suggesting that poor sleep qual-
ity may be linked to systemic inflammation in patients with IE.

ALT is found in the liver mostly and in other body tissues. Serum 
ALT, aspartate transaminase (AST), and the ALT/AST ratio are 
measured as biomarkers of liver health. A cross-sectional study 
showed that short sleep duration was a risk factor for the inci-
dence of nonalcoholic fatty liver disease, which is reflected in 
the abnormalities of liver enzymes, including ALT [32]. A sur-
vey conducted on children and adolescents found that lack of 
sleep can lead to abnormalities in AST and ALT levels, which in-
crease insulin resistance and obesity [33]. Another study found 
that people with breathing and sleeping disorders often expe-
rience abnormal changes in liver function, with an increased 
probability of chronic diseases [34]. Patients with obstructive 
sleep apnea had higher ALT levels than those without obstruc-
tive sleep apnea [35]. In the present study, we found that de-
creased sleep efficiency was associated with an increase in 
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serum postoperative ALT levels, suggesting that sleep disor-
ders might cause liver damage. This finding is also consistent 
with a meta-analysis demonstrating that sleep disorders are 
strongly associated with serum ALT levels.

A major limitation of this study is the absence of a detailed 
analysis of sleep architecture owing to its nonrandomized de-
sign, retrospective nature, and single-center experience. Future 
investigations on sleep-wake cycles, sleep-wake rhythm dis-
orders, and types of sleep disorders are warranted. Also, we 
did not evaluate the presence of postoperative complications; 
therefore, we could not further explore the correlation between 
sleep quality and persistent infection after surgery. Finally, re-
call bias and the social desirability effect may have also affect-
ed the results of this study. We will address these limitations 
in a follow-up multicenter study.

Conclusions

In conclusion, we found that sleep disorders are a common 
problem in hospitalized patients with IE. Sleep inefficiency in 
patients with IE was correlated with preoperative ESR levels, 
postoperative CRP levels, postoperative IL-6 levels, and the 
increase in ALT levels. Additionally, our results showed that 
sleep inefficiency was related to Hb concentration and the 
course of the disease.
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