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Abstract
Background Understanding sex differences is critical for improving outcomes in patients with cardiovascular conditions. 
Sleep and psychological disturbances contribute to the development and progression of cardiovascular diseases, and important 
sex differences persist in their incidence and association with clinical outcomes.
Methods Sex-based variation in sleep and psychological disturbances were assessed in consecutive patients with cardio-
vascular diseases in a single university hospital. The prevalence of insomnia, sleep disordered breathing (SDB), anxiety, 
and depression was assessed using the Pittsburgh Sleep Quality Index (PSQI), nocturnal pulse oximeter, and the Hospital 
Anxiety and Depression Scale (HADS). The effect of sex on the prevalence of sleep and psychological disturbances as well 
as their associations was quantified using multivariate logistic regression models.
Results Among 1,233 patients (mean age 63.6 years, 25% women), women were significantly less likely than men to experi-
ence SDB (17.5% vs 31.5%, p < 0.001), but more likely to report an increased burden of insomnia (54.7% vs 43.3%, p = 0.001) 
and depression (23.9% vs 16.7%, p = 0.004). Insomnia was associated with depression, which was more remarkable among 
women (p value for interaction: 0.039). SDB was associated with anxiety among women but not men (p value for interaction: 
0.003). There was no significant difference in the prevalence of anxiety between women and men.
Conclusions Among patients with cardiovascular disease, women reported an increased burden of insomnia and depres-
sion compared to men. The association between sleep and psychological disturbances may be more pronounced in women, 
suggesting that cardiologists should increase efforts for identification of such comorbidities and administer corresponding 
treatment, especially in women.
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Introduction

Cardiovascular (CV) diseases remain the leading cause of 
morbidity and mortality for women worldwide [1, 2]. Com-
pared with men, women are less likely to receive preven-
tive care for CV diseases which may be attributable to a 

lower perceived risk in women by patients and clinicians, 
even when traditional CV risk factors are present [3]. The 
2019 American College of Cardiology/American Heart 
Association guideline on the primary prevention of CV 
diseases introduced the concept of risk-enhancing factors 
that are specific to women. These factors favor intensified 
lifestyle interventions for primary prevention to mitigate the 
increased risk [4].

Sleep disturbances (i.e., insomnia and sleep disordered 
breathing [SDB]) and psychological disturbances (i.e., anxi-
ety and depression) have been identified as modifiable risk 
factors of various CV diseases [5–7], though their burden 
remains under-recognized. In general, women are more 
likely to have sleep or psychological disturbances [8, 9]. A 
community-based cross-sectional study demonstrated that 
women reported more depressive symptoms and insomnia 
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complaints than men in specific age groups, such as elderly 
adults and adolescents [9, 10]. However, these cohorts 
contained few patients with CV diseases, and there is lack 
of evidence regarding sex-dependent variation of sleep or 
psychological disturbances in patients with CV diseases. 
Because these comorbidities are largely modifiable, identi-
fying actionable areas for intervention may lead to improved 
outcomes.

Accordingly, we examined the following among patients 
hospitalized with various CV diseases: (1) sex differences in 
the prevalence of sleep and psychological disturbances, and 
(2) whether or not sex modified this association.

Materials and methods

Study population

The present study is a single-center, cross-sectional study, 
details of which have been previously described [11]. We 
recruited 2,110 consecutive patients who were admitted for 
CV diseases and underwent pulse oximeter testing as a part 
of SDB screening during hospitalization, between Septem-
ber 2013 and December 2015. All patients registered in this 
study were requested to complete self-reported, paper-based 
questionnaires on sleep and psychological disturbances. We 
excluded 217 patients with completely missing question-
naires (either declined to answer the questionnaire or were in 
conditions that made it difficult to complete a self-adminis-
tered written questionnaire [e.g., unconsciousness, delirium, 
dementia]) and 611 patients who were missing one or more 
answers in one or more questionnaires. Subsequent assess-
ments of 49 patients who had been admitted to our hospital 
more than once and had undergone additional screenings 
during the study period were also excluded. Finally, 877 
patients (41.6%) were excluded, and 1,233 patients were ana-
lyzed for this study (coronary artery disease [n = 384], heart 
failure [n = 83], valvular heart disease [n = 130], arrhythmia 
[n = 503], and miscellaneous [n = 133]). The study protocol 
was approved by the Keio University institutional review 
boards, and informed consent was obtained from all patients.

Patient assessments

Nocturnal pulse oximetry was used to assess the severity 
of SDB in all study patients, as we have reported previ-
ously [12, 13]. A pulse oximeter is a device commonly 
used to record percutaneous oxyhemoglobin saturation 
in a peripheral artery using a finger probe. In this study, 
the sampling efficiency of the pulse oximeter (PULSOX-
Me300, Teijin Pharma Ltd., Tokyo, Japan) was 1 Hz dur-
ing the memory interval, for an average time of 3 s each. 
An oxygen desaturation index of ≥ 3% (3% ODI), which is 

the number of episodes per hour in which oxygen satura-
tion decreases ≥ 3% from baseline, was used as a surrogate 
marker of SDB. Pulse oximetry was validated through its 
concurrent one-night recordings with polysomnography; 
its sensitivity and specificity were 85% and 100%, respec-
tively, for detecting an apnea hypopnea index of ≥ 20 by 
polysomnography using a cutoff threshold of 3% ODI = 15 
[12, 14, 15]. Most patients underwent pulse oximetry 
within a few days after hospital admission, and patients 
who initially required intensive care underwent pulse oxi-
metry before discharge. Patients who used oxygen inhala-
tion or ventilator therapy were not included in this study.

We assessed the severity of insomnia using the Japanese 
version of the Pittsburgh Sleep Quality Index (PSQI) [16]. 
The PSQI is a self-administered tool to assess sleep qual-
ity. Nineteen items constitute seven components (i.e., sleep 
quality, latency, duration, habitual sleep efficiency, sleep 
disturbance, use of sleeping medication, and daytime dys-
function). The summed score for these seven components 
(which each have a range of 0 to 3) generates one global 
PSQI score (which ranges from 0 to 21). [17] Insomnia 
was defined as a PSQI score > 5 [17, 18]. The following 
data obtained from the components of PSQI were also 
analyzed: poor subjective sleep quality (its component 
score > 1), reduced sleep efficiency (< 85%), increased 
sleep latency (its component score > 1), short sleep dura-
tion (< 6 h of sleep per night), sleep disturbances (its 
component score > 1), sleep drug usage, and daytime dys-
function (its component score > 1). We evaluated excessive 
daytime sleepiness (EDS) using the Japanese version of 
the Epworth sleepiness scale (ESS), a self-administered 
questionnaire with eight questions that is used to identify 
the severity of daytime sleepiness [19, 20]. Each compo-
nent is weighed equally on a four-point scale (0 to 3), and 
the sum of scores for the eight items ranges from 0 to 24. 
ESS scores > 10 represent increased EDS levels [21].

Anxiety and depression were evaluated using the Hos-
pital Anxiety and Depression Scale (HADS) [22]. It com-
prises a self-rated scale of seven components designed to 
evaluate anxiety and depressive symptoms. Each compo-
nent is rated from 0 (minimally present) to 3 (maximally 
present), and the summed score ranges from 0 to 21 [23]. 
Anxiety and depression were defined as a HADS-anxiety 
score ≥ 8 and HADS-depression score ≥ 8, respectively, as 
originally recommended for identifying clinically signifi-
cant anxiety and depression, providing the optimal balance 
between sensitivity and specificity for identifying cases 
[23].

By means of medical chart abstraction, clinical data, 
including sex, age, body mass index (BMI), lifestyle 
(smoking, alcohol intake, and living conditions), laboratory 
data (albumin level, brain natriuretic peptide [BNP] level, 
C-reactive protein level, estimated glomerular filtration rate 
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[eGFR], and hemoglobin A1c level), and history of CV risk 
factors and comorbidities, were collected.

Statistical analyses

Continuous variables are presented as the means ± stand-
ard deviations or medians (interquartile ranges). Categori-
cal variables are presented as absolute values and percent-
ages. Clinical characteristics, laboratory data, and sleep 
and psychological questionnaires were compared between 
men and women. Student t-test, Mann–Whitney U test, or 
chi-square test was used to compare normally distributed 
variables, non-normally distributed variables, or categori-
cal variables, respectively. Using multiple logistic regres-
sion models, we evaluated the association between sex and 
SDB (3% ODI > 15), insomnia (PSQI score > 5), HADS 
scores for anxiety (HADS-A ≥ 8), or HADS scores for 
depression (HADS-D ≥ 8), and a series of sequential mod-
els were adapted. Model 1 was adjusted for age and obesity 
(BMI ≥ 25 kg/m2). Model 2 was further adjusted for living 
alone, employment status, and CV comorbidities (coronary 
artery disease, heart failure, and atrial fibrillation). Model 3 
was additionally adjusted for CV risk factors (hypertension, 
diabetes mellitus, dyslipidemia, smoking) and chronic kid-
ney disease (CKD, eGFR < 45 ml/min/1.73  m2). Obesity was 
defined as BMI ≥ 25 kg/m2, as recommended by the WHO 
Western Pacific Region and Japanese Society for the Study 
of Obesity [24]. In fact, the prevalence of obesity defined 
by BMI ≥ 30 kg/m2 is quite low in Japan, and Japanese peo-
ple are more likely to have metabolic disorders even with 
a BMI of 25–30 kg/m2 [25]. Before performing multiple 
logistic regression analyses, we evaluated multicollinearity 
and eliminated factors indicating serious multicollinearity 
from the model. We then performed sensitivity analyses to 
determine the impact of female sex as a determinant of SDB, 
defined by 4% ODI > 5 and > 15.

Further, multiple logistic regression analyses adjusted by 
model 2 were used to evaluate the association between sleep 
disturbances (i.e., SDB and insomnia) and psychological dis-
turbances (anxiety and depression) in men and women. The 
effect of the interaction between sleep disturbances and sex 
on psychological disturbances was examined by adding an 
interaction term to the statistical model. We also assessed 
sex differences in the association between SDB and insom-
nia, adjusted by model 2. p values < 0.05 were considered 
statistically significant. All statistical analyses were per-
formed using IBM SPSS software (version 25; IBM Corp., 
Armonk, NY).

Results

Baseline characteristics

The baseline characteristics of the overall cohort has been 
described previously [11]. Table 1 shows the patients’ demo-
graphic characteristics of men and women. Women were 
older than men and had a lower BMI and a lower prevalence 
of coronary risk factors (hypertension, diabetes mellitus, 
dyslipidemia, and smoking), coronary artery disease, and 
atrial fibrillation. However, women had a higher prevalence 
of heart failure and valvular heart disease compared to men. 
Plasma BNP levels were higher in women, whereas albumin 
and hemoglobin A1c levels were lower.

Sex differences in the prevalence of sleep 
and psychological disturbances

Women had a significantly lower prevalence of SDB (3% 
ODI ≥ 15; 17.5% vs 31.5%, p < 0.001; Fig. 1A) and a signifi-
cantly higher prevalence of insomnia (PSQI score > 5; 54.7% 
vs 43.3%, p = 0.001; Fig. 1B). Women also had a lower 3% 
ODI (6.7 [3.7–11.6] vs 9.8 [5.6–17.5], p < 0.001) and 4% 
ODI (4.3 [2.1–7.6] vs 6.4 [3.3–12.8], p < 0.001), as well as a 
higher PSQI score (6.0 [4.0–9.0] vs 5.0 [3.0–7.0], p < 0.001). 
According to the analysis of PSQI categories, increased 
sleep latency, reduced sleep efficiency, sleep disturbances, 
and use of sleep medications contributed to the higher PSQI 
scores (insomnia) in women (Table 2). Although women 
had a slightly higher prevalence of anxiety, there was not a 
significant difference between women and men (19.7% vs 
15.9%, p = 0.119; Fig. 1C). The prevalence of depression 
was significantly higher in women than in men (23.9% vs 
16.7%, p = 0.004; Fig. 1D). Women also had higher sub-
scores of HADS-A (4.0 [2.0–7.0] vs 3.0 [2.0–6.0], p = 0.034) 
and HADS-D (4.0 [2.0–7.0] vs 3.0 [1.0–6.0], p = 0.012) than 
men.

We assessed the association between women and sleep 
or psychological disturbances by logistical regression anal-
yses. The odds ratio was estimated comparing women to 
men (Table 3). In age- and obesity-adjusted models, female 
sex was a negative determinant of SDB (odds ratio [OR]: 
0.35, 95% confidence interval [CI]: 0.25–0.51, p < 0.001) 
and a positive determinant of insomnia (OR: 1.58, 95% CI: 
1.21–2.06, p = 0.001) and depression (OR: 1.49, 95% CI: 
1.08–2.05, p = 0.016). Women tended to be associated with 
anxiety, although this difference was not statistically signifi-
cant (OR: 1.34, 95% CI: 0.95–1.88, p = 0.092). The associa-
tion of women with SDB or insomnia remained significant 
after adjustment for living status, employment status, CV 
comorbidities, CV risk factors, and CKD (SDB: OR: 0.37, 
95% CI: 0.23–0.60, p < 0.001; insomnia: OR: 1.56, 95% CI: 
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1.09–2.24, p = 0.016). The association between women and 
depression was not statistically significant in the models fur-
ther adjusted for the full set of covariates (OR: 1.36, 95% CI: 
0.87–2.12, p = 0.181) (Table 3).

We defined two exploratory subgroups of patients without 
(i) insomnia and (ii) use of sleep medications. After fully 
adjusting for covariates, female sex was a negative deter-
minant of SDB among the CV diseases inpatients without 
insomnia (OR: 0.33, 95% CI: 0.16–0.69, p = 0.003) and 
those without use of sleep medications (OR: 0.35, 95% CI: 
0.19–0.62, p < 0.001). In sensitivity analyses, female sex was 
a negative determinant of SDB, defined by 4% ODI > 5 (OR: 
0.38, 95% CI: 0.25–0.59, p < 0.001), as well as defined by 
4% ODI > 15 (OR: 0.19, 95% CI: 0.10–0.38, p < 0.001).

Sex differences in the association between sleep 
and psychological disturbances

We assessed sex differences in the association between 
sleep disturbances (i.e., SDB and insomnia) and anxiety or 
depression (Fig. 2 and Table 4). Sex modified the association 
between SDB and anxiety (p value for interaction = 0.003), 
and between insomnia and depression (p value for interac-
tion = 0.039). The association between SDB and anxiety was 
significant among women (OR: 2.41, 95% CI: 1.10–5.33, 

p = 0.029) but not in men (OR: 0.97, 95% CI: 0.60–1.58, 
p = 0.914). The association between insomnia and depres-
sion was more significant among women (OR: 7.06, 95% 
CI: 3.19–15.64, p < 0.001) than among men (OR: 3.06, 95% 
CI: 2.01–4.65, p < 0.001), although the association was still 
significant in men (Table 4). Sex did not modify the associa-
tion between SDB and insomnia (male: OR: 1.15, 95% CI: 
0.82–1.63, p = 0.418; female: OR: 1.60, 95% CI: 0.75–3.42, 
p = 0.221, p value for interaction = 0.376).

Furthermore, we generated four groups based on the pres-
ence of SDB and insomnia, and clarified the prevalence of 
psychological disturbances in each group. There were 364 
men and 121 women who had neither SDB nor insomnia, 
160 men and 19 women who had SDB alone, 269 men and 
134 women who had insomnia alone, and 131 men and 35 
women who had both. Among the no SDB or insomnia, 
SDB alone, insomnia alone, and both SDB and insomnia 
groups, the prevalence of anxiety was 8.8%, 6.3%, 26.4%, 
and 26.0% in men, and 6.6%, 10.5%, 26.9%, and 42.9% in 
women, respectively (Supplemental Fig. 1A-B). The preva-
lence of depression was 10.2%, 10.0%, 25.3%, and 25.2% 
in men, and 11.6%, 10.5%, 32.8%, and 40.0% in women, 
respectively (Supplemental Fig. 1 C-D).

Table 1  Clinical characteristics 
of patients (men and women) 
included in the study

Values are % or mean ± SD, or median [interquartile range]. BNP, B-type natriuretic peptide; eGFR, esti-
mated glomerular filtration rate; HbA1c, hemoglobin A1c

Men Women p value
n = 924 n = 309

Age (years) 62.6 ± 13.4 66.6 ± 17.5  < 0.001
Body mass index (kg/m2) 24.4 ± 3.5 22.3 ± 3.9  < 0.001
Medical history (%)
 Coronary artery disease 43.5 27.8  < 0.001
 Heart Failure 13.8 27.6  < 0.001
 Valvular heart disease 9.5 30.2  < 0.001
 Atrial fibrillation 41.6 25.2  < 0.001
 Hypertension 56.0 48.0 0.016
 Diabetes 23.8 14.7 0.001
 Dyslipidemia 47.2 40.5 0.042
 Smoking 71.5 22.9  < 0.001
 Alcohol 65.6 28.8  < 0.001

Laboratory data
 C-reactive protein (mg/dl) 0.06 [0.02–0.19] 0.06 [0.02–0.21] 0.484
 Albumin (g/dl) 4.2 [3.9–4.4] 4.1 [3.8–4.3] 0.001
 BNP (pg/ml) 50.3 [19.6–131.6] 77.4 [31.4–214.3]  < 0.001
 eGFR (ml/min/1.73  m2) 63.0 [53.0–73.0] 62.0 [48.8–73.5] 0.169
 HbA1c (%) 5.8 [5.5–6.2] 5.7 [5.4–6.0] 0.038

Other
 Living alone (%) 14.4 19.2 0.049
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Discussion

We demonstrated that among hospitalized patients with CV 
disease, women had symptoms of insomnia and depression 
more commonly, despite the lower prevalence of SDB. Fur-
thermore, the association between sleep and psychological 
disturbances was more prominent in women. The association 
between insomnia and depression, and that between SDB 
and anxiety, was stronger in women.

Quantifying the burden of sleep and psychological dis-
turbances in patients with a variety of CV conditions facili-
tates prioritization of interventions. The strength of our 
study is that we revealed a higher burden of insomnia and 
depression among women with a variety of CV diseases 
compared to men through comprehensive screening using 
validated and reliable tools (i.e., PSQI, HADS, pulse oxi-
meter). Previous reports of disease-specific cohort studies 
and randomized clinical trials demonstrated that women are 
more likely to have psychological disturbances [26, 27] or 
sleep disturbances separately [28–30], which is consistent 
with our results. In a multicenter prospective cohort study 
of coronary artery disease (Heart and Soul Study) and a 
multinational randomized clinical trial involving atrial fibril-
lation and heart failure patients (Atrial Fibrillation and Con-
gestive Heart Failure trial), depression was more prevalent 
in women than in men [26, 27]. Insomnia was also more 
prevalent in women than in men in a single-center prospec-
tive cohort study of heart failure [28] and acute myocar-
dial infarction [29], and in a multicenter prospective cohort 

Fig. 1  Comparison of the prevalence of SDB (A), insomnia (B), anxi-
ety (C), and depression (D) between male and female patients hospi-
talized for cardiovascular diseases. SDB, sleep disordered breathing

Table 2  Sex-based differences 
in the sleep disturbances of 
patients (men and women)

Values are % or median [interquartile range]. ODI, oxygen desaturation index; ESS, Epworth sleepiness 
scale; EDS, excessive daytime sleepiness; PSQI, Pittsburgh Sleep Quality Index

Men Women p value
n = 924 n = 309

Pulse oximeter
 3% ODI 9.8 [5.6–17.5] 6.7 [3.7–11.6]  < 0.001
 4% ODI 6.4 [3.3–12.8] 4.3 [2.1–7.6]  < 0.001
 Mean SpO2 (%) 95.7 [94.9–96.5] 95.8 [94.6–96.7] 0.653
 Minimum SpO2 (%) 82.6 [77.5–86.1] 82.7 [77.5–86.2] 0.667

Sleep-related questionnaire
 ESS score 7.0 [4.0–9.0] 6.0 [3.0–9.5] 0.142
 EDS (ESS score > 10) (%) 18.8 22.0 0.224
 PSQI score 5.0 [3.0–7.0] 6.0 [4.0–9.0]  < 0.001
 Poor sleep quality (%) 27.5 32.4 0.101
 Increased sleep latency (%) 19.4 32.4  < 0.001
 Sleep duration (h) 390 [360–420] 390 [360–420] 0.801
 Short sleep duration (< 6 h) (%) 22.7 22.3 0.885
 Reduced sleep efficiency (%) 19.0 29.1  < 0.001
 Sleep disturbances (%) 8.2 17.5  < 0.001
 Use of sleep medications (%) 17.0 25.9 0.001
 Daytime dysfunction (%) 9.3 8.1 0.518
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study of coronary artery disease [30]. Given the high inci-
dence of sleep-related disorders, identification of psycho-
logical disturbances associated with this condition should 
be underscored among women with CV diseases, in addi-
tion to screening for and managing CV risk factors, such as 
hypertension, diabetes mellitus, dyslipidemia, and smoking.

In addition to depression and insomnia, sex differences 
in patients with various CV diseases [31–35] exist with 
respect to other patient-centered outcomes, such as quality 
of life (QOL), which was recently emphasized to be a sig-
nificant outcome in addition to traditional clinical outcomes 
(e.g., mortality and readmission rate) [36, 37]. For instance, 
women with coronary artery disease reported a worse QOL 
in the Canadian registry [33]. Women had a worse QOL in 
a study analyzing two randomized clinical trials of heart 
failure with reduced ejection fraction [35]. Patient-centered 
outcomes could be closely intertwined independently of 
objective disease severity [38]. Whether management of 
depression and insomnia can improve QOL also needs to be 
assessed in the future, especially among women with CV 
diseases.

Women’s health could be optimized by focusing attention 
on unique sex-specific aspects of background characteris-
tics, risk factors, and the response to non-pharmacological 
treatments among patients with CV diseases [2, 39]. For 
instance, women often present with multiple comorbidities 
and poor cardiorespiratory fitness at an older age [39]. Based 
on a large database of coronary artery disease, despite a 
lower enrollment rate for cardiac rehabilitation programs, 
attendance in the program is related with a significant reduc-
tion of mortality in women compared with men [40]. Very 

Table 3  Multiple regression analyses to determine the impact of 
female sex as a determinant of SDB, insomnia, anxiety, and depres-
sion

Mode l: age and obesity (body mass index ≥ 25 kg/m2)
Model 2: model 1 + living alone, job, cardiovascular comorbidities 
(coronary artery disease, heart failure, atrial fibrillation)
Model 3: model 2 + hypertension, diabetes mellitus, dyslipidemia, 
smoking, and chronic kidney disease (estimated glomerular filtration 
rate < 45 ml/min/1.73  m2)
OR, odds ratio; CI, confidence interval; SDB, sleep disordered breath-
ing
The odds ratio was estimated comparing women to men

OR 95% CI p value

SDB
 Model 1 0.35 0.25–0.51  < 0.001
 Model 2 0.33 0.21–0.52  < 0.001
 Model 3 0.37 0.23–0.60  < 0.001

Insomnia
 Model 1 1.58 1.21–2.06 0.001
 Model 2 1.55 1.11–2.15 0.009
 Model 3 1.56 1.09–2.24 0.016

Anxiety
 Model 1 1.34 0.95–1.88 0.092
 Model 2 1.33 0.87–2.02 0.189
 Model 3 1.26 0.79–2.01 0.338

Depression
 Model 1 1.49 1.08–2.05 0.016
 Model 2 1.34 0.90–2.00 0.155
 Model 3 1.36 0.87–2.12 0.181

Fig. 2  Comparison of the 
prevalence of anxiety between 
male and female patients 
hospitalized for cardiovascular 
diseases, divided by SDB (A) 
or insomnia (B). Comparison 
of the prevalence of depres-
sion between male and female 
patients hospitalized for cardio-
vascular diseases, divided by 
SDB (C) or insomnia (D). SDB, 
sleep disordered breathing
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little is known whether the therapeutic impact of sleep and/
or psychological disturbances on these symptoms and CV 
clinical outcomes could differ depending on the sex. This 
point needs to be emphasized as an area of high priority in 
future research.

There are several important clinical implications of our 
findings. First, medical providers (including cardiologists 
as well as primary care providers) for patients with CV dis-
eases should comprehensively pay attention to sleep and 
psychological disturbances. Despite the well-known male 
predominance in the prevalence of SDB, which is the most 
examined among sleep disturbances in CV diseases, medical 
providers should comprehensively assess various sleep and 
psychological disturbances to ensure their early diagnosis in 
CV disease patients including women. Although the detailed 
reasons for the more robust associations between sleep and 
psychological disturbances in women are unknown, such as 
in cases of women with both insomnia and SDB, we need to 
consider the possible coexistence of psychological distur-
bances. Second, because of the paucity of female-specific 
clinical trial data, further research will be needed to evaluate 
whether the identification and intervention of sleep and psy-
chological disturbances can improve outcomes, especially in 
women with CV diseases.

There are limitations that should be considered when 
interpreting our results. First, due to our study design (i.e., 
cross-sectional study), causal associations between sleep 
and psychological disturbances cannot be concluded. Future 
prospective longitudinal studies need to be performed to 
elucidate their cause-effect association and whether or not 
their association has an impact on long-term CV outcomes. 
Second, the study participants were derived from a single 
Japanese university hospital, and the results may not be gen-
eralized to other countries. Third, several methodological 
issues need to be mentioned, such as the lack of a polysom-
nography study, which did not allow us to address the type 
of SDB (e.g., obstructive or central), details of respiratory 
events (e.g., apnea or hypopnea, arousal), and sleep duration. 
Thus, polysomnography is preferred over pulse oximeter in 
terms of accurate determination of the type and severity of 
SDB, details of respiratory events (e.g., hypoxemic burden 
and degree of arousal), sleep duration, and sleep stages. We 
assessed anxiety and depression using the HADS, which is 
a screening tool and is not capable of providing a full clini-
cal diagnosis. Fourth, patients with missing variables were 
excluded from the analyses, which could result in selection 
bias. Because of the considerable proportion of the missing 
data, we reported the complete case analysis [41]. Because 
of this limitation, our study may be considered as hypoth-
esis-generating. Further research is needed to evaluate the 
effects of screening and treatment of sleep disorders and 
its adverse influence on psychological problems among CV 
diseases patients, especially women. Fifth, we did not collect Ta
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the data regarding other aspects of comorbidities (e.g., res-
piratory diseases) and living conditions (e.g., married, num-
ber of cohabitors). Sixth, the severity of CV disease may be 
associated with sleep and psychological disturbances and 
may affect our results, which needs to be evaluated in the 
future.

Conclusions

There were significant sex-based differences in sleep and 
psychological disturbances in patients hospitalized for 
CV diseases, such as an increased burden of insomnia and 
depression and a pronounced association between sleep and 
psychological disturbances in women. Further studies are 
needed to determine if outcomes can be improved by treat-
ing sleep and psychological disturbances in women with CV 
diseases.
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