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Sleep disturbances are associated with anxiety, depression, and decreased quality of life in patients with coronary heart disease
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Abstract
BACKGROUND
Studies have shown that sleep disorders are closely related to anxiety and depression, and the quality of life (QoL) of patients with sleep disorders is generally poor.

AIM
To examine the occurrence of sleep disorders in people with coronary heart disease (CHD) and their relationships with QoL, depression, and anxiety.

METHODS
As per the sleep condition, 240 CHD individuals were separated into two groups: non-sleep disorder group (n = 128) and sleep disorder group (n = 112). The self-rating anxiety scale (SAS), self-rating depression scale (SDS), and World Health Organization criteria for the Quality of Life Brief scale (WHOQOL-BREF) scores of the two groups were compared. Logistic regression method was used to analyze the independent risk factors of CHD patients with sleep disorders. Multivariate logistic regression analysis was employed to develop the risk prediction model. The association among the Pittsburgh Sleep Quality Index, SAS, and SDS was examined using Spearman’s correlation analysis.

RESULTS
The incidence of sleep disorder was 46.67% in 240 patients. The scores of SAS and SDS in the sleep disorder group were higher than those in the non-sleep disorder group, and the WHOQOL-BREF scores were lower than those in the non-sleep disorder group (P < 0.05). The risk prediction model of sleep disturbances in CHD patients was constructed using the outcomes of multivariate logistic regression analysis, P = 1/[1 + e (-2.160 + 0.989 × (female) + 0.001 × (new rural cooperative medical insurance) + 2.219 × (anxiety) + 2.157 × depression)]. The results of a Spearman’s correlation study revealed that sleep quality was strongly adversely connected with the physiological field, psychological field, and social relation scores in QoL, and was considerably positively correlated with SAS and SDS (P < 0.05).

CONCLUSION
A multivariate logistic regression model can better predict the occurrence of sleep disorders in CHD patients. Sleep disorders in CHD patients are significantly correlated with QoL, depression, and anxiety.
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Core Tip: Sleep disorder is a common clinical problem, and the correlation between sleep disorder and anxiety and depression has been widely discussed in clinical practice. This study explored the problem of sleep disorder in patients with coronary heart disease (CHD) and its correlation with anxiety, depression, and quality of life (QoL). The results showed that the incidence of sleep disorder is higher in patients with CHD, and is positively correlated with anxiety and depression, and negatively correlated with QoL.

INTRODUCTION
Coronary heart disease (CHD) can damage people’s health and lead to death. Sleep disorders are a prevalent aspect of CHD that can have a negative effect on a patient’s quality of life (QoL), cause coronary events, increase disease progression, and influence patients’ survival[1,2]. As a result, treating patients’ sleep disorders will enable them to have a longer life expectancy. Exploring the influencing factors of sleep disorders is conducive to further research and evaluation of sleep disorders in CHD patients. Patients with CHD are more likely to experience negative feelings, depression, and anxiety as a result of the disease, which affects their QoL. The reason may be that CHD is critical and difficult to treat and may be accompanied by symptoms such as angina pectoris or arrhythmia, and excessive worry may lead to anxiety and depression[3,4]. There is currently little research on the influence of anxiety and depression on the sleep quality of CHD patients, and there are also few studies on the influence of demographic and clinical factors on sleep problems in CHD patients. 
Our present research aimed to study and explore the current status of sleep disorders in CHD patients and its correlation with QoL, depression, and anxiety to establish a standard for therapeutic prevention and management of sleep disturbances in individuals with CHD.

MATERIALS AND METHODS
Data sources
Clinical data were gathered from 240 CHD patients (114 females and 126 males) with an age range of 48-79 years (average age = 61.58 ± 6.93) referred to our facility between January 2020 and September 2022. The study inclusion criteria: (1) all patients met the Diagnostic Criteria for Coronary atherosclerotic Heart Disease[5]; (2) the vital signs were stable after treatment; (3) no history of drug abuse; and (4) patients with normal communication ability. Exclusion criteria were: (1) patients with depression, schizophrenia, or other mental diseases; (2) patients with cognitive impairment; (3) patients with cerebrovascular disease or central nervous system disease; (4) patients with malignant tumor disease; and (5) patients with heart failure. This study was approved by the ethics committee.

Data collection
General data such as sex, age, disease type, smoking, marital status, hypertension, diabetes, family history of CHD, dyslipidemia, education level, working status, and type of medical insurance of all patients were collected.

Observation indexes
(1) The Pittsburgh Sleep Quality Index (PSQI)[6] score of 240 CHD patients was collected. Each of the seven evaluation items on the scale received a score between 0 and 3, for a range of 0 to 21 points. A score > 7 points denotes poor sleep quality and a sleep disorder, whereas a score of 7 points shows good sleep quality and no sleep disorders. The lower the score, the poorer the sleep quality. Then 240 patients with CHD were divided into the sleep disorder group and non-sleep disorder group according to the PSQI score, and the incidence of sleep disorder in 240 patients with CHD was calculated. (2) The self-rating anxiety scale (SAS)[7] and self-rating depression scale (SDS)[7] scores of CHD patients with and without sleep disturbances were collected and compared. There are 20 items in SAS scale; ≥ 50 is classified as anxiety, and the higher the score, the more serious the anxiety. The SDS scale consists of 20 items; ≥ 53 points indicates depression, and the higher the score, the more serious the degree of depression. (3) The World Health Organization criteria for the Quality of Life Brief scale[8]score of CHD patients with and without sleep disturbances were collected and compared. The scale includes four dimensions, namely physiology, psychology, environment, and social relation, and each dimension scores 0-100 points. (4) A comparison of the general data for the sleep disorder group and the non-sleep disorder group was done. (5) To examine independent risk factors of sleep problems in CHD patients, components with statistically significant variations in basic information were considered in the multivariate logistic regression analysis. (6) The logistic regression analysis findings were used to develop the risk prediction model. The area under the curve (AUC), receiver operating characteristic (ROC), and Hosmer-Lemeshow analyses were employed to examine the model’s degree of correlation, and the ROC curve was constructed to demonstrate how effectively the model predicts results. The closer the AUC is to 1.0, the higher the prediction efficiency. (7) The association among PSQI, SAS, and SDS was investigated using Spearman’s correlation analysis.

Statistical analyses
Two individuals working independently entered the study data into Excel tables, and SPSS 24.0 statistical software was employed to examine and interpret the data. The experimental data are expressed as the mean ± standard deviation, and the t-test was used to compare homogeneous and normally distributed data. Numbers "n" and percentages "%" were employed to characterize the counting data, and the χ2 test was performed to compare groups. For multivariate analyses, a logistic regression model was utilized, and Spearman’s correlation analysis was performed for correlation analyses. The threshold for statistical significance was set at P < 0.05 for all bilateral tests.

RESULTS
Comparison of the incidence of sleep disorders in CHD patients
Among the 240 patients, 112 CHD patients had PSQI scores > 7 points and had a sleep disorder, with an incidence of 46.67%.

Comparison of QoL, depression, and anxiety scores of CHD individuals with sleep disorder and without sleep disorders
As can be seen in Table 1, the difference between the SDS and SAS scores in both groups was statistically significant (P < 0.05; Figure 1).

Comparison of QoL scores of CHD patients in both groups
The sleep disorder group scored lower on the social relation, psychological field, and physiological field compared to the non-sleep disorder group (P < 0.05). Environmental field scores between the two groups were not significantly different (P > 0.05) (Figure 2, Table 2).

Single-factor analysis of sleep disorders in CHD patients
No significant difference was observed in both groups in terms of disease type, smoking, marital status, hypertension, diabetes, family history of CHD, dyslipidemia, educational level, and working status. In the group of people with sleep disorders, there were more female patients (P < 0.05), patients under the age of 60, individuals in new rural cooperative medical systems, and patients with anxiety and depression (Table 3).

Multivariate logistic regression investigation of sleep disorders in individuals with CHD
The parameters with significant differences in the univariate study of sleep quality disorders in CHD patients were subjected to multivariate logistic regression analysis. The sleep disorder of patients was taken as dependent variables, and sex, age, medical insurance type, anxiety and depression were taken as independent variables (Table 4). Multivariate logistic regression analyses showed that females, new rural cooperative medical insurance, depression, and anxiety were independent risk factors for sleep disorders in individuals with CHD (P < 0.05; Table 5).

Establishment and calibration of the multivariate logistic regression model
The risk prediction model of sleep disturbances in CHD patients was established using the results of a multivariate logistic regression study, P = 1/[1 + e (-2.160 + 0.989 × (female) + 0.001 × (new rural cooperative medical insurance) + 2.219 × (anxiety) + 2.157 × depression)], and the Hosmer-Lemeshow test was used, χ2 = 7.284, P = 0.506, indicating a good fit between the model and the observed values, as shown in Figure 3.

Prediction efficiency of the logistic regression model
Figure 4 illustrates the outcomes of ROC analysis, which revealed that the model had a good predictive effect (P < 0.05). Moreover, the AUC of the risk prediction model for sleep disorders in CHD patients was 0.851 with a 95% confidence interval (CI) of 0.803-0.900.

Correlation between sleep disorders and anxiety, depression, and QoL
As indicated in Table 6, Spearman’s correlation analysis revealed that sleep quality exhibited a strong negative association with the physiological field, psychological field, and social relations of QoL, and was positively associated with SAS and SDS (P < 0.05; Figures 5 and 6).

DISCUSSION
Sleep disturbances have been linked to an increased risk of CHD and the development of CHD, according to several studies conducted both domestically and internationally[2,9,10]. Disease factors, psychological factors, and environmental factors can affect the sleep quality of CHD patients. In this study, 46.67% of 240 CHD patients had sleep disorders, accounting for a relatively high proportion. Sleep disorders in CHD patients are very serious and should be paid attention to. In this study, CHD patients with sleep disorders had higher SAS and SDS scores than CHD patients without sleep disorders, and their QoL scores were substantially lower than those of patients without sleep disorders, showing that sleep disorders can have an impact on a patient’s psychological health and QoL.
Multivariate logistic regression analyses showed that females, new rural cooperative medical insurance, depression, and anxiety were independent risk factors for sleep disorders in individuals with CHD (P < 0.05). According to research by Ulander et al[11], women are more prone than men to experience sleep disorders. According to Wang et al[12], female cancer patients have an increased incidence of sleep disorders. In line with the aforementioned study, these findings support the previous study by showing that sex is a definite risk factor for anxiety problems in patients with CHD. It is speculated that the reason may be that female patients are more sensitive, their mood is easy to fluctuate, and their sleep quality is easy to be affected. The specific reason needs to be further explored. Most patients with the new rural cooperative medical insurance are rural patients. They are not as economically secure as patients in metropolitan areas, and there are disparities in the payment rates between the employee medical insurance and the new rural cooperative medical insurance, which adds to the financial strain on patients and their families and impairs patient sleep. The new rural cooperative medical insurance is thus a significant risk factor for sleep problems in CHD patients in this study.
Sejbuk et al[9] reported that anxiety is a negative factor affecting sleep quality. Bonanni et al[13] also believe that depression and anxiety are related to menopause insomnia. Anxiety and depression were found to be independently associated risk factors for sleep disorders in this investigation, which was similar to previous research findings. CHD patients have serious physical discomfort and reduced QoL, and their strong concern for prognosis is easy to affect sleep quality. Long-term sleep disorders can lead to increased blood pressure, cardiovascular system dysfunction and neurological dysfunction, and further, aggravate psychological stress[14,15]. By contrast, anxiety, depression, and other adverse emotions can seriously affect the endocrine of patients, causing body discomfort symptoms such as palpitation and chest tightness, further affecting sleep and leading to sleep disorders[16-18]. To increase the quality of their sleep, patients with depression and anxiety should receive psychological treatment, while female CHD patients and CHD patients with new rural cooperative medical insurance should receive clinical attention. A sleep disorder prediction model was developed using multivariate logistic regression, and its prediction performance was assessed using the ROC curve. This prediction model’s AUC value was 0.851 (95%CI = 0.803-0.900), showing that it has a strong predictive value for sleep problems in CHD patients.
Sleep disorder is a process of dual physiological and psychological disorders[19], and some anxiety and depression patients tend to shift more attention to sleep problems, trying to improve physiological and psychological disorders by adjusting sleep, but they are more likely to be nervous, and further aggravate sleep disorders, forming a vicious cycle. Long-term anxiety, depression and sleep disorders cause and affect each other, seriously affecting patients’ work and life, and in severe cases, it may lead to functional disorders and further reduce the QoL. In addition, sleep disorders are one of the main characteristics of depression, mainly manifested by early waking, difficulty in maintaining sleep, and waking dysthymic tendencies. Serious anxiety and depression can cause psychological stress and lead to autonomic nervous disorder, and the wake-up system of the brain related to sleep and the hypnotic system is in an unbalanced state, and the excitation of the wake-up system will further lead to sleep disorders[20-22].
Adverse emotions such as anxiety and depression before bedtime can promote the activity of the reticuloendothelial system, promote the release of norepinephrine, enhance the activity of the body, and cause sleep disorders. In this study, the Spearman’s correlation study showed that sleep quality was inversely correlated with the physiological field, psychological field, and social relations in QoL and positively associated with SAS and SDS. This finding implies that patients with sleep disorders should focus on enhancing their poor mood and QoL to prevent an unnecessary vicious cycle that negatively affects their prognosis. The shortcoming of the present work is that it included too few influencing factors and could not identify the reason for the high incidence of sleep disorders. Besides, it only used SAS and SDS scales to conduct a simple psychological assessment of patients, and in-depth structured psychological interviews are not conducted, which may lead to bias in survey results. Therefore, it is necessary to increase the analysis of influencing factors for further and in-depth exploration.

CONCLUSION
In summary, risk variables for sleep disturbances in CHD patients include sex, new rural cooperative medical insurance, depression, and anxiety. The risk factor prediction model established by multivariate logistic regression has good predictive efficacy. The considerable inverse relationship between sleep disorders and QoL and the substantial positive relationship between sleep disorders and depression and anxiety suggests that individuals may be able to improve their depressive moods through psychological counselling and break the vicious cycle of mutual influence between a bad mood and sleep quality. In terms of economic pressure, cost-effective treatment programs can be selected for patients as far as possible to reduce the economic pressure on patients’ families, which is conducive to improving their bad mood, improving their sleep quality and QoL, and improving their prognosis.

ARTICLE HIGHLIGHTS
Research background
Studies have shown that sleep disorders are closely related to anxiety and depression, and the quality of life (QoL) of patients with sleep disorders is generally poor. The significance of this study is to explore the status quo and risk factors of sleep disorders in patients with coronary heart disease (CHD) and their correlation with anxiety, depression and QoL. To provide reference for the prevention and treatment of sleep disorders in clinical CHD.

Research motivation
The current status of sleep disorders in patients with CHD is the main topic of this study. At present, it is clinically necessary to explore the current status of sleep disorders in patients with CHD and its correlation with anxiety, depression and QoL, so as to provide reference for the prevention and treatment of patients with CHD sleep disorders. The significance of this study is to explore the risk factors of patients with CHD sleep disorders and their correlation with anxiety, depression and QoL, encourage clinical teams to continue to explore CHD sleep disorders, and promote the continuous progress of sleep disorder prevention and treatment technology.

Research objectives
The incidence of sleep disorders in patients with CHD was 46.67%. Sex, female, new rural cooperative medical insurance, anxiety and depression were independent risk factors for CHD sleep disorders. It was confirmed that CHD sleep disorders were closely related to anxiety, depression and QoL, providing a new reference for clinical prevention and treatment of CHD sleep disorders in the future.

Research methods
The clinical data of patients were retrospectively analyzed, and the patients were divided into the sleep disorder group and the non-sleep disorder group according to their sleep conditions. The general data of the two groups were statistically analyzed by independent sample t-test and χ2 test. The risk factors of sleep disorders in patients with CHD were analyzed by the logistic multivariate regression method and a risk prediction model was built. Receiver operating characteristic was used to analyze the effectiveness of the risk prediction model, and Spearman’s correlation was used to analyze the correlation between sleep disorders and anxiety, depression, and QoL.

Research results
Patients with CHD sleep disorder are closely related to anxiety, depression and QoL, and sex, female, new rural medical insurance, anxiety and depression are risk factors for patients with CHD sleep disorder, providing a new reference for the prevention and treatment of patients with CHD sleep disorder. It is necessary to further expand the sample size to explore the influencing factors of patients with CHD sleep disorder.
Research conclusions
Patients with CHD sleep disorders can interact with anxiety and depression, forming a vicious circle, so clinical attention should be paid to psychological intervention for patients with CHD sleep disorders.

Research perspectives
Sleep disorders in patients with CHD are closely related to anxiety and depression, which can have a negative impact on QoL. Emotional intervention methods can be used to improve sleep disorders and QoL in patients with CHD.
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Figure Legends
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Figure 1 Comparison of both groups’ self-rating depression scale and self-rating anxiety scale scores. aP < 0.05 vs non-sleep disorder group. SDS: Self-rating depression scale; SAS: Self-rating anxiety scale.
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Figure 2 Comparison of both groups’ quality of life scores. aP < 0.05 vs non-sleep disorder group.
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Figure 3 Calibration degree of the logistic regression model.
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Figure 4 Prediction efficiency of the logistic regression model. ROC: Receiver operating characteristic.
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Figure 5 Correlation between sleep disorders and anxiety and depression. A: Pittsburgh sleep quality index (PSQI) is correlated with physiological field; B: The correlation between PSQI and self-rating depression scale. SAS: Self-rating anxiety scale; SDS: Self-rating depression scale. 
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Figure 6 Correlation between sleep disorders and quality of life. A: Pittsburgh sleep quality index (PSQI) is correlated with physiological field; B: PSQI is related to psychological field; C: Correlation between PSQI and environmental field; D: Correlation between PSQI and social field. 
Table 1 Comparison of quality of life, depression, and anxiety scores of patients with coronary heart disease with and without sleep disorders 
	Group
	SAS score
	SDS score

	Sleep disorder group, n = 112
	49.93 ± 8.37a
	49.89 ± 6.47a

	Non-sleep disorder group, n = 128
	37.02 ± 10.84
	40.45 ± 7.53

	t value
	10.389
	10.336

	P value
	< 0.001
	< 0.001


Data (points) are mean ± standard deviation. aP < 0.05 vs non-sleep disorder group. SAS: Self-rating anxiety scale; SDS: Self-rating depression scale. 

Table 2 Comparison of the quality of life scores of patients with coronary heart disease with and without sleep disorders 
	Group
	Physiological field
	Psychological field
	Environmental field
	Social relation

	Sleep disorder group, n = 112
	35.58 ± 5.75a
	30.52 ± 4.72a
	45.98 ± 5.40
	42.93 ± 5.45a

	Non-sleep disorder group, n = 128
	38.88 ± 5.52
	34.92 ± 3.82
	46.63 ± 5.74
	45.06 ± 4.30

	t value
	4.524
	7.869
	0.901
	3.334

	P value
	< 0.001
	< 0.001
	0.369
	0.001


Data (points) are mean ± standard deviation. aP < 0.05 vs non-sleep disorder group.


Table 3 Single factor analysis of sleep disorders in patients with coronary heart disease 
	Factor 
	Sleep disorder group, n = 112
	Non-sleep disorder group, n = 128
	2/t value
	P value

	Sex
	
	
	
	

	Male
	47 (41.69)a
	79 (61.27)
	9.347
	0.002

	Female
	65 (58.04)a
	49 (38.28)
	
	

	Age in yr
	62.56 ± 7.18a
	60.72 ± 6.61
	2.070
	0.040

	≥ 60
	56 (50.00)
	30 (23.44)
	
	

	< 60
	56 (50.00)
	98 (76.56)
	
	

	Disease type
	
	
	
	

	Stable angina pectoris
	57 (50.89)
	67 (52.34)
	0.050
	0.822

	Acute coronary syndrome
	55 (49.11)
	61 (47.66)
	
	

	Smoking
	
	
	
	

	[bookmark: OLE_LINK14]Yes
	44 (39.29)
	46 (35.94)
	0.286
	0.593

	No
	68 (60.71)
	82 (64.06)
	
	

	Marital status
	
	
	
	

	Single
	6 (5.36)
	9 (7.03)
	0.286
	0.593

	Married
	106 (94.64)
	119 (92.97)
	
	

	Hypertension
	
	
	
	

	Yes
	68 (60.71)
	74 (57.81)
	0.208
	0.648

	No
	44 (47.89)
	54 (42.19)
	
	

	Diabetes
	
	
	
	

	Yes
	31 (27.68)
	29 (22.66)
	0.804
	0.370

	No
	81 (72.32)
	99 (77.34)
	
	

	[bookmark: OLE_LINK15]Family history of CHD
	
	
	
	

	Yes
	25 (22.32)
	22 (17.19)
	1.000
	0.317

	No
	87 (77.68)
	106 (82.81)
	
	

	History of dyslipidemia
	
	
	
	

	[bookmark: OLE_LINK16]Yes
	32 (28.57)
	39 (30.47)
	0.103
	0.748

	No
	80 (71.43)
	89 (69.53)
	
	

	Education level
	
	
	
	

	High school and below
	54 (48.21)
	62 (48.44)
	0.001
	0.972

	College or above
	58 (51.79)
	66 (51.56)
	
	

	Working status
	
	
	
	

	On-the-job
	26 (23.21)
	42 (32.81)
	3.023
	0.221

	Waiting for employment 
	6 (5.36)
	8 (6.25)
	
	

	Retired 
	80 (71.43)
	78 (60.94)
	
	

	Medical insurance type
	
	
	
	

	Medical insurance for urban workers
	45 (40.18)a
	85 (66.41)
	16.551
	< 0.001

	New rural cooperative medical insurance
	67 (59.82)a
	43 (33.59)
	
	

	Anxiety, ≥ 50 points
	
	
	
	

	Yes
	65 (58.04)a
	14 (10.94)
	60.006
	< 0.001

	No
	47 (41.96)a
	114 (89.06)
	
	

	Depression, ≥ 53 points
	
	
	
	

	Yes
	41 (36.16)a
	7 (5.47)
	36.1987
	< 0.001

	No
	71 (63.39)a
	121 (94.53)
	
	


Data are mean ± standard deviation or n (%). aP < 0.05 vs non-sleep disorder group. CHD: Coronary heart disease.

Table 4 Assignment
	Factor
	Assignment method

	Age in yr
	≥ 60 yr = 1，< 60 yr = 0

	Sex
	Male = 0, Female = 1

	Medical insurance type
	New rural cooperative medical insurance = 1
Medical insurance for urban workers = 0

	Anxiety
	Yes = 1, No = 0

	Depression
	Yes = 1, No = 0



Table 5 Analysis of sleep disorders in patients with coronary heart disease using multiple logistic regression models
	Variable
	β value
	SE
	Wals 2
	OR value
	95%CI
	P value

	Sex
	0.989
	0.338
	8.548
	2.688
	1.385-5.215
	0.003

	Age in yr
	-0.108
	0.342
	0.099
	0.898
	0.459-1.755
	0.753

	Medical insurance type
	1.176
	0.338
	12.098
	0.001
	1.671-6.291
	0.001

	Anxiety
	2.219
	0.380
	34.020
	9.200
	4.365-19.394
	< 0.001

	Depression
	2.157
	0.493
	19.143
	8.647
	3.290-22.726
	< 0.001

	Constant
	-2.160
	0.383
	31.714
	0.115
	
	< 0.001


CI: Confidence interval; OR: Odds ratio; SE: Standard error.

Table 6 Correlation between sleep disorders and quality of life, depression, and anxiety
	Group
	r value
	P value

	SAS
	0.500
	< 0.001

	SDS
	0.493
	< 0.001

	Physiological field
	-0.215
	< 0.001

	Psychological field
	-0.434
	< 0.001

	Environmental field
	-0.080
	0.217

	Social relations
	-0.198
	0.002


SAS: Self-rating anxiety scale; SDS: Self-rating depression scale.
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