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Abstract

Background

Depression and anxiety are common mental health problems that are strongly associated

with sleep disturbances, according to community-based researches. However, this associa-

tion has not been investigated among patients admitted for cardiovascular diseases

(CVDs). We examined the prevalence of depression and anxiety in inpatients with various

CVDs and their association with sleep disturbances.

Materials and methods

This cross-sectional study included 1294 patients hospitalized for CVDs in a Japanese uni-

versity hospital were evaluated for their mental status using the Hospital Anxiety and

Depression Scale (HADS), for sleep-disordered breathing (SDB) using pulse oximetry, and

for sleep quality using the Pittsburgh Sleep Quality Index (PSQI).

Results

Patient characteristics were as below: mean age, 63.9±14.7 years; 25.7% female. Overall,

18.9% had depression (HADS-depression�8) and 17.1% had anxiety (HADS-anxiety�8).

The presence of depression was associated with female sex, older age, higher plasma brain

natriuretic peptide level, lower estimated glomerular filtration rate, and the prevalence of

heart failure. Overall, 46.5% patients were categorized as having a poor sleep quality

(PSQI>5), and 28.5% patients had SDB (3% oxygen desaturation index>15). Although

depression and anxiety were not associated with SDB, they were independently associated

with poor sleep quality (OR = 3.09, 95% CI 2.19–4.36; OR = 3.93, 95% CI 2.71–5.69,

respectively).
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Conclusions

Depression and anxiety were not uncommon in patients with CVDs. Poor sleep quality could

be an important risk factor linked to psychological disturbances.

Introduction

Depression and anxiety are frequently encountered mental health problems in association

with increased morbidity and mortality, greater financial burden, and reduced quality of life

[1, 2]. Accumulating evidence based on community-based researches has highlighted the

importance of sleep health for mental health [3–7]. Sleep-disordered breathing (SDB), the

most commonly investigated among sleep disturbances in cardiovascular diseases (CVDs) [3],

was associated with depression in a community-based cohort of middle-aged and older adults

[6]. According to cohort studies based on the general population, poor quality of sleep was

independently associated with the development of anxiety and depression [8, 9].

Current international guidelines recommend assessment for depression and anxiety as

comorbidities as well as risk factors of CVDs using standardized questionnaires [10, 11]. How-

ever, both conditions are underdetected and consequently undertreated in the real-world car-

diology setting, particularly in inpatients who required acute care [12]. Furthermore, the

association between psychological disturbances and SDB was determined by population-based

cohort studies [4–7]. Thus, the prevalence of psychological disturbances and their association

with sleep disturbances remain unknown among CVD inpatients.

The aim of this study was to evaluate the prevalence of depression and anxiety and their

relationship with sleep disturbances, including SDB and poor sleep quality, in hospitalized

patients with CVDs.

Materials and methods

Study population and design

This study was a single-center, cross-sectional study. A total of 2110 consecutive patients who

were admitted for various CVDs as the primary diagnosis and who had undergone pulse oxim-

etry during hospitalization for the screening of SDB in the general ward of the Cardiology

Department of Keio University Hospital from September 2013 to December 2015, were

included in the study. The patients who refused to participate in the study were excluded from

the study. Altogether, 217 patients from whom the completed questionnaire data could not be

obtained (declined to answer the questionnaires or had conditions that made it arduous to

complete a self-administered written questionnaire [e.g., dementia, delirium, unconscious-

ness]) and 549 patients who had submitted an incomplete questionnaire, were excluded from

the study. The dataset for this analysis comprised of individual patients at one time point. In

cases where a patient was admitted to our hospital more than once and underwent additional

screenings during the study period, these subsequent assessments were excluded (n = 50).

Finally, 1294 patients were included in this analysis. This study’s protocol conformed to the

ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the

Institutional Review Board of Keio University School of Medicine. The Institutional Review

Board in our institution approved the procedure of obtaining verbal consent from the individ-

uals and accordingly, verbal consent was obtained from all patients prior to their enrollment

in the study. A separate filled in questionnaire sheet was also obtained from the patients.
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Data collection

Clinical data were extracted from the patient’s hospital chart, including sex, age, body mass

index (BMI), lifestyle (job status, smoking, alcohol intake, and living conditions), cardiovascu-

lar risk factors, laboratory data (albumin, brain natriuretic peptide [BNP], C-reactive protein

[CRP], estimated glomerular filtration rate [eGFR], and hemoglobin A1c [HbA1c]), and his-

tory and admission diagnoses of CVD.

Anxiety and depression were assessed using the Hospital Anxiety and Depression Scale

(HADS) [13], which is a widely used, self-reported questionnaire developed to assess the anxi-

ety and depression levels in population studies, primary care, and hospital settings [14]. It con-

sists of 14-items on a 4-point Likert scale (range 0 [not present] to 3 [maximally present]), and

is designed to evaluate anxiety (HADS-anxiety) and depression (HADS-depression), respec-

tively (7 items for each subscore), resulting in a potential range of subscores from 0 to 21. We

chose the HADS in this study after careful discussion because the somatic symptoms regarding

sleep quality (e.g. insomnia and fatigue) were not included in this questionnaire. The majority

of the symptoms in the HADS-anxiety are indices of generalized anxiety, with only one item

related to panic. The HADS-depression primarily comprises symptoms of anhedonia.

Overnight pulse oximetry (PULSOX-Me300, Teijin Co., Ltd, Tokyo, Japan) was performed

to assess the severity of SDB in all patients. As we reported previously [15], arterial blood oxy-

hemoglobin saturation was recorded using a finger probe at a 1-Hz sampling frequency and

5-second average time, and these recordings were analyzed using the software supplied with

the equipment (DS-Me, Teijin Co., Ltd, Tokyo, Japan). As an indicator of SDB severity, we

chose the 3% oxygen desaturation index (3% ODI), which represents the number of events of

3% desaturation per hour. The validity of the pulse oximetry was reported based on its syn-

chronous overnight recording with polysomnography, and its sensitivity and specificity were

85% and 100%, respectively, for detecting an apnea hypopnea index of� 20 determined by

polysomnography using a cut-off threshold of 3% ODI = 15 [15–17]. The Japanese version of

the Pittsburgh Sleep Quality Index (PSQI) was used to assess the sleep quality [18]. The PSQI

consists of 19 self-rated questionnaires, which are grouped into 7 components, including sleep

duration, sleep disturbances, sleep latency, daytime dysfunction due to sleepiness, habitual

sleep efficiency, overall sleep quality, and sleeping medication use. Each component yields a

score ranging from 0 to 3, with 3 indicating the greatest dysfunction. Patients completed these

questionnaires during their index hospitalization, most of them within a few days after hospital

admission. The patients who initially required intensive care received these questionnaires

before discharge.

Definitions and outcomes

Depression and anxiety were defined as HADS-depression score�8 and HADS-anxiety score

�8, respectively, as originally recommended for identifying clinically significant depression

and anxiety, providing the optimal balance between sensitivity and specificity for identifying

cases [13, 14]. SDB and poor sleep quality were defined as 3% ODI� 15 and PSQI > 5, respec-

tively based on commonly used clinical thresholds [17, 19].

Statistical analysis

Continuous variables were expressed as mean ± standard deviation for normally distributed

variables and median (inter-quartile range) for non-normally distributed variables (HADS-

anxiety, HADS-depression, albumin, BNP, and HbA1c). Categorical variables were expressed

as absolute values (percentages). Clinical characteristics, laboratory data, pulse oximetry data,

and questionnaires were compared between patients with depression or anxiety and those
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without. Student’s t test and Mann-Whitney U test were used to compare the normally or

non-normally distributed variables, and chi-square test was used to compare the categorical

variables. Cronbach’s α was calculated to assess the internal consistency of both the HADS

anxiety and depression scores and the PSQI total score. Multiple logistic regression models

were used to evaluate the independent determinants of depression or anxiety by adjusting for

age, sex, obesity, living status, poor sleep quality (PSQI > 5), SDB, cardiovascular comorbidi-

ties (heart failure [HF], coronary artery disease [CAD], and atrial fibrillation [AF]), cardiovas-

cular risk factors (hypertension, diabetes, and dyslipidemia), and laboratory data (albumin,

CRP, and eGFR). Further, a multiple logistic regression model was also used to evaluate the

association between psychological disturbances (anxiety alone, depression alone, and both

anxiety and depression) and sleep disorders. Multicollinearity was assessed before the multiple

logistic regression analyses; the factors indicating serious multicollinearity were accordingly

eliminated from the model. P values less than 0.05 were considered statistically significant. The

analyses were performed using IBM SPSS 24.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results

Sample characteristics

Of the 1294 enrolled patients (mean age; 63.9±14.7 years; 333 [25.7%] female), 401 (31.0%)

had CAD as an admission diagnosis (acute coronary syndrome [ACS] n = 71, non-ACS

n = 330), 90 (7.0%) had HF, 521 (40.3%) had arrhythmias, 145 (11.2%) had valvular heart dis-

eases (VHDs), and 137 (10.6%) had other conditions. The subscores of HADS-depression and

anxiety were 4.0 [2.0–7.0] and 4.0 [2.0–6.0], respectively. HADS-D and HADS-A subscores

were correlated with each other (r = 0.41, p<0.001).

Clinical characteristics of patients by psychological disturbances

Of 1294 patients, 244 patients (18.9%) were categorized as having depression symptoms

(HADS-depression�8) and 221 patients (17.1%) were categorized as having anxiety symptoms

(HADS-anxiety�8) (Fig 1). The baseline clinical characteristics of the study population are

shown in Table 1. The presence of depression was associated with female sex, older age, higher

plasma BNP level, lower eGFR, and the prevalence of HF. No significant differences in the

Fig 1. Distribution of the hospital anxiety and depression scale. HADS-A, Hospital Anxiety and Depression Scale

subscore for anxiety. HADS-D, Hospital Anxiety and Depression Scale subscore for depression.

https://doi.org/10.1371/journal.pone.0244484.g001
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patients’ characteristics and laboratory data were observed between patients with different

anxiety status. The internal consistency reliability measured with Cronbach’s α was 0.78 for

HADS-anxiety and 0.76 for HADS-depression. The PSQI global score had an α = 0.65, a value

suggesting moderate consistency. Cronbach’s α increased by 0.014 (from 0.65 to 0.67) on

removing the PSQI component associated with sleep medication usage.

The relationship between sleep disturbances and psychological

disturbances

We then analyzed the relationship between psychological disturbances and sleep disturbances.

Six hundred two patients (46.5%) were categorized as having a poor sleep quality (PSQI>5),

and 369 patients (28.5%) had SDB (3% ODI�15). The patients with depression or anxiety had

a higher prevalence of poor sleep quality (Fig 2A and 2B). Conversely, depression and anxiety

symptoms were not associated with the prevalence of SDB (Fig 2A and 2B). The multivariate

binary logistic regression analysis for determining the independent determinants of depression

or anxiety have been shown in Table 2. Depression and anxiety were independently associated

with poor sleep quality (OR: 3.09, 95% CI: 2.19–4.36, OR: 3.93, 95% CI: 2.71–5.69, respec-

tively), while SDB was not (OR: 0.93, 95% CI: 0.64–1.36 and OR: 1.11, 95% CI: 0.74–1.66,

Table 1. Clinical characteristics of patients by depression or anxiety status.

Depression Non-Depression Anxiety Non-Anxiety

Variables Total HADS-D�8 HADS-D<8 p value HADS-A�8 HADS-A<8 p value

n = 1294 n = 244 n = 1050 n = 221 n = 1073

Female n (%) 333 (25.7) 82 (33.6) 251 (23.9) 0.002 66 (29.9) 267 (24.9) 0.123

Age (y) 63.9±14.7 66.6±15.0 63.3±14.6 0.002 63.3±15.8 64.0±14.5 0.533

Body mass index (kg/m2) 23.9±3.7 23.5±4.1 24.0±3.6 0.084 23.9±4.1 23.9±3.7 0.972

Medical history n (%)

CAD 505 (39.5) 94 (39.8) 411 (39.5) 0.921 75 (34.4) 430 (40.6) 0.088

Heart Failure 228 (17.8) 61 (25.7) 167 (16.0) <0.001 47 (21.7) 181 (17.1) 0.107

Atrial fibrillation 472 (37.3) 81 (34.9) 391 (37.9) 0.397 81 (37.5) 391 (37.3) 0.958

Hypertension 700 (54.4) 133 (55.2) 567 (54.3) 0.794 131 (59.5) 569 (53.4) 0.094

Diabetes mellitus 280 (21.8) 58 (24.1) 222 (21.3) 0.346 45 (20.5) 235 (22.1) 0.594

Dyslipidemia 573 (45.4) 113 (48.9) 460 (44.6) 0.235 94 (43.9) 479 (45.7) 0.633

Lifestyle n (%)

Smoking 130 (10.1) 28 (11.6) 102 (9.8) 0.413 24 (11.0) 106 (10.0) 0.641

Alcohol 716 (55.9) 107 (44.2) 609 (58.7) <0.001 110 (50.0) 606 (57.2) 0.051

Living alone 188 (15.4) 38 (16.9) 150 (15.0) 0.481 34 (16.7) 154 (15.1) 0.571

Employed 641 (58.4) 98 (46.7) 543 (61.2) <0.001 105 (56.8) 536 (58.8) 0.612

HADS-Anxiety 4.0 [2.0–6.0] 7.0 [5.0–10.0] 3.0 [1.0–5.0] <0.001 9.0 [8.0–11.0] 3.0 [1.0–5.0] <0.001

HADS-Depression 4.0 [2.0–7.0] 9.0 [8.0–11.0] 3.0 [1.0–5.0] <0.001 8.0 [6.0–10.0] 3.0 [1.0–5.0] <0.001

Laboratory data

CRP (mg/dL) 0.06 [0.02–0.20] 0.06 [0.02–0.25] 0.06 [0.02–0.19] 0.746 0.07 [0.02–0.28] 0.06 [0.02–0.19] 0.316

Albumin (g/dL) 4.2 [3.8–4.4] 4.1 [3.8–4.3] 4.2 [3.8–4.4] 0.051 4.1 [3.8–4.4] 4.2 [3.8–4.4] 0.547

BNP (pg/mL) 57 [22–144] 75 [24–194] 53 [21–140] 0.016 60 [19–138] 56 [22–146] 0.809

eGFR (ml/min/1.73m2) 62±18 59±20 63±18 0.008 62±19 62±18 0.766

HbA1c (%) 5.8 [5.5–6.2] 5.8 [5.5–6.2] 5.8 [5.5–6.2] 0.617 5.8 [5.4–6.2] 5.8 [5.5–6.2] 0.541

Values are n (%), mean±SD, or median [inter-quartile range]. CAD, coronary artery disease; HADS, Hospital Anxiety and Depression Scale; CRP, C-reactive protein;

BNP, B-type natriuretic peptide; eGFR, estimated glomerular filtration rate.

https://doi.org/10.1371/journal.pone.0244484.t001
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respectively). Gender and old age were not statistically significant determinants of depression

after adjustment for covariates. The prevalence of HF and dyslipidemia was also a determinant

of depression, but was not found to be significant for anxiety.

Based on the presence of anxiety and depression, we then created another four groups;

there were 949 patients (73.3%) who had neither depression nor anxiety (none), 124 (9.6%)

who had depression alone, 101 (7.8%) who had anxiety alone, and 120 (9.3%) who had both.

The prevalence of poor sleep quality was 38.3%, 58.9%, 69.3%, and 80.0%, respectively (Fig 3).

The adjusted odds ratio of having poor sleep quality was 2.56-fold higher in patients with

depression alone (OR, 2.56; 95% CI, 1.64–4.01) and 3.83-fold higher in patients with anxiety

alone (OR, 3.83; 95% CI, 2.29–6.41). Concurrently, the adjusted odds ratio was observed to be

4.96-fold higher in patients who had both depression and anxiety (OR, 4.96; 95% CI, 3.00–

8.20). On the other hand, there were no significant associations between SDB and psychologi-

cal disturbances (S1 Table).

Discussion

Key findings

In this study, we revealed that 1) approximately one-fifth of patients with CVDs had depres-

sion and/or anxiety; 2) patients with depression were more likely to be female and of older age,

and had a higher prevalence of HF; and 3) depression and anxiety were strongly associated

with poor sleep quality, but not with SDB.

Fig 2. Comparison of poor sleep quality and SDB between patients with and those without psychological

disturbances. (A) Depression. (B) Anxiety. SDB, sleep-disordered breathing.

https://doi.org/10.1371/journal.pone.0244484.g002
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Interpretation of results

The strength of our study is that our data are based on the consecutive data regarding sleep dis-

turbances (i.e. SDB and poor sleep quality) using pulse oximetry as well as well-validated self-

report scales. Interestingly, we found no significant association between SDB and depression

or anxiety prevalence, which is inconsistent with the findings from community-based cohorts

as well as randomized controlled trials [4–7]. In contrast, poor sleep quality was a remarkable

determinant of depression and anxiety, which is concordant with the results from commu-

nity-based cohorts [8, 9]. From a clinical point of view, clinicians should be aware of their

underrecognized coprevalence [20]; poor sleep quality and psychological disturbances might

Table 2. Multiple regression analysis of determinants of depression and anxiety.

Variables Depression Anxiety

OR (95% CI) P value OR (95% CI) P value

Poor sleep quality 3.09 (2.19–4.36) < 0.001 3.93 (2.71–5.69) < 0.001

SDB 0.93 (0.64–1.36) 0.709 1.11 (0.74–1.66) 0.605

Age 1.02 (1.00–1.03) 0.063 1.00 (0.98–1.02) 0.939

Gender 1.11 (0.75–1.65) 0.596 1.17 (0.77–1.77) 0.458

Obesity (BMI�25 kg/m2) 1.05 (0.72–1.53) 0.798 0.89 (0.60–1.31) 0.541

Living alone 1.03 (0.66–1.60) 0.914 0.94 (0.58–1.50) 0.781

Medical history

Coronary artery disease 0.96 (0.63–1.46) 0.851 0.77 (0.49–1.21) 0.249

Heart Failure 1.58 (1.04–2.40) 0.034 1.27 (0.81–2.00) 0.306

Atrial fibrillation 0.90 (0.62–1.31) 0.571 1.04 (0.71–1.53) 0.846

Hypertension 0.76 (0.52–1.09) 0.138 1.51 (1.02–2.25) 0.042

Diabetes mellitus 1.22 (0.81–1.85) 0.340 0.81 (0.50–1.30) 0.376

Dyslipidemia 1.53 (1.06–2.21) 0.024 1.13 (0.76–1.66) 0.548

Laboratory data

CRP 0.93 (0.76–1.14) 0.496 1.00 (0.82–1.23) 0.976

Albumin 0.91 (0.60–1.38) 0.644 0.88 (0.57–1.36) 0.561

eGFR 1.00 (0.99–1.01) 0.953 1.01 (1.00–1.02) 0.031

OR, odds ratio; CI, confidence interval; SDB, sleep disordered breathing; BMI, body mass index; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate.

https://doi.org/10.1371/journal.pone.0244484.t002

Fig 3. The frequency of poor sleep quality in patients without psychological disturbances (none) and those with

depression alone, anxiety alone, and both.

https://doi.org/10.1371/journal.pone.0244484.g003
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create a vicious cycle worsening each other [21], in addition to being risk factors as well as

poor prognostic factors for various CVDs [22–27].

Based on the accumulating evidence that anxiety is independently associated with increased

mortality in CVDs, independent from depression [23, 24], screening for anxiety is recom-

mended in addition to that for depression [11, 28]. Depression and anxiety frequently coexist,

and in the present study, 54.3% of patients with anxiety had depression symptoms, and 49.2%

of patients with depression had anxiety symptoms. Comorbid depression and anxiety were

associated with a greater treatment resistance [29, 30], compared with either condition alone.

In the treatment-resistant patients, the pharmacological and/or non-pharmacological

approaches (e.g. selective serotonin reuptake inhibitors, cognitive behavioral therapy, exercise)

[10, 28, 31] need to be tailored to the individual patient’s profile by a multidisciplinary team,

consisting of cardiologists, psychiatrists, and nurses. Whether health interventions focusing on

poor sleep quality (e.g. cognitive therapy or pharmacotherapy) improve the psychological dis-

turbances, particularly among patients with comorbid depression and anxiety in whom poor

sleep quality was more prevalent (80.0%), needs to be better understood in the future.

Much of the existing research on psychological disturbances in CVDs has focused on a single

specific CVD (e.g. HF, CAD, AF) [22–24, 31–33], and the prevalence of psychological distur-

bances varied according to the type of CVD and the diagnostic methods. In this large-size sample

of patients with a broad range of cardiovascular conditions, we revealed a high prevalence of

depression and anxiety in inpatients with various CVDs, particularly in those with a medical his-

tory of HF, suggesting that more patients with CVDs could benefit from the early and accurate

identification of depression or anxiety. One of the barriers for psychological screening in the car-

diology setting is that the effective ways for their assessment remain to be fully elucidated. We

used a brief, user-friendly questionnaire, the HADS, which is validated and reliable for the evalua-

tion of depression and anxiety in medically ill hospitalized patients [13, 14]; HADS can be admin-

istered to a patient in less than 5 minutes and scored in approximately 1 minute. In addition to

the integration of screening in the cardiology setting, overcoming other barriers (lack of cardiolo-

gists’ mental health expertise as well as that of downstream support from specialized mental health

clinicians) will be needed for the comprehensive management of psychological disturbances.

Limitations

Several limitations should be noted. First, the nature of our study design (i.e. cross-sectional

study) limited the ability to demonstrate any cause-effect relationships between poor sleep

quality and psychological disturbances in patients hospitalized for CVDs. Second, several

methodological issues need to be mentioned, such as the lack of additional diagnostic assess-

ments with structured instruments or clinical interviews, which generally need to be con-

ducted by mental healthcare providers. Third, the long-term effect of screening and

management of psychological disturbances remains unknown. In addition to their adverse

association with the prognosis, depression and anxiety could influence the quality of life and

treatment adherence (i.e. taking medications as prescribed, participating in cardiac rehabilita-

tion, cooperating with follow-up care, and promoting modifications in standard risk factors)

[11, 28, 31]. Whether early identification and interventions for psychological disturbances

might improve the prognosis, patient-centered outcomes (quality of life, functional capacity),

and treatment adherence, will need to be evaluated comprehensively in the future.

Conclusions

We found that depression or anxiety were prevalent and independently associated with poor

sleep quality, but not with SDB in inpatients with a broad range of CVDs.
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