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Abstract 
Background: Heart failure (HF) is a growing chronic health condition affecting more than 20 million 

people worldwide. Symptoms of depression are a common co-morbidity affecting as many as 42% 

of patients with heart failure (HF) and are associated with a poor quality of life and adverse prognosis. 

Symptoms of depression have negative impacts not only on daily social and domestic activities, but 

also on hospitalization and mortality rates in HF patients. Cardiac rehabilitation has been shown to 

reduce the rate of mortality, improve functional capacity, and control reduced depressive symptoms 

and better clinical outcomes. 

Objective: to investigate the impact of a 12-week completed cardiac rehabilitation program on 

depressive symptoms in patients with heart failure with reduced ejection fraction. 

Patients and Methods: Sixty patients with stable heart failure with reduced ejection fraction 

(HFrEF) with mild, moderate and severe depressive symptoms were recruited between January 2018 

to June 2019 at Ain Shams University hospitals and randomly assigned to whether or not receive a 

12 weeks cardiac rehabilitation program. Cardiac rehabilitation program consisted of education, diet 

control, drug adherence, 12 weeks exercise sessions, behavioral and psychosocial management, and 

sexual activity education smoking cessation. All patients were personally interviewed for assessment 

of depression and quality of life before and after study period by Beck's depression inventory –

II(BDI-II) and Minnesota living with heart failure questionnaire" (MLHFQ), respectively. Besides, 

all patients underwent echocardiographic assessment before and after study period. 

Result: A total of 60 patients in study group were enrolled, 26 (86.7%) males in both groups. There 

were 22 (73.3%) patients (13 with mild depressive symptoms, 5 with moderate and 4 with severe 

depressive symptoms) showed significant improvement in BDI-II score (P<0.001), whereas 8 

(26.7%) patients only did not improve significantly after exercise period, no patients in the study 

group showed worsening of his depressive symptoms after completed cardiac rehabilitation program. 

BDI-II score has significant positive correlation with MLHFQ score (r=0.748, P<0.001). In contrast, 

only 4 (13.3%) patients (all of them were having mild depressive symptoms) of control group 

improved significantly regarding depressive symptoms (P<0.001), and the majority of participants 

16 (53.3%) patients deteriorated regarding depressive symptoms, and the rest of group 10 (33.3%) 

patients didn’t show significant improvement of their depressive symptoms according to BDI-II score 

after the 3 month study period. There was a significant difference when compared BDI-II score at 

baseline with score after study period for the cardiac rehabilitation group. The BDI-II score difference 

after study period also was significant between two groups (P <0.001). 
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Conclusion: The results of this study demonstrated that a complete and organized cardiac 

rehabilitation program improves depressive symptoms, quality of life as well as LVEF in patients 

with heart failure with reduced ejection fraction. 

Recommendation: Cardiac rehabilitation should be implemented in routine management of patients 

with heart failure to improve psychological and physical complication of HF. 
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Introduction 

 
Heart failure (HF) is a growing chronic health 

condition affecting more than 20 million people 

worldwide [1]. Symptoms of depression are a 

common co-morbidity affecting as many as 

42% of patients with heart failure (HF), and are 

associated with a poor quality of life and 

adverse prognosis [2-4]. Symptoms of 

depression have negative impacts not only on 

daily social and domestic activities, but also on 

hospitalization and mortality rates in HF 

patients [5]. Furthermore, depression has been 

shown to be an independent predictor of future 

cardiac events in patients with heart failure, 

regardless of disease severity, making it 

worthwhile to consider among other cardiac 

risk factors, such as diabetes mellitus and 

smoking [6]. Thus, a reduction in the patient's 

depressive symptoms has become of prime 

importance for therapeutic intervention. 

Despite recent advances in pharmacological 

management, however, treating the symptoms 

of depression is especially challenging in HF 

patients because they are often on complex 

medications besides multiple co-morbidities 

[2]. Non-pharmacological interventions, such 

as exercise training, have been demonstrated as 

potential treatments for depression and may be 

comparable with antidepressant therapy, but 

these effects are not well identified in patients 

with HF [7-9]. Exercise (as part of cardiac 

rehabilitation program) provides important 

advantages over pharmacotherapy, including 

fewer drug interactions and more involvement 

of patients in their self-care. The largest Heart 

Failure-A Controlled Trial Investigating 

Outcomes of Exercise Training (HF ACTION), 

demonstrated that exercise results in a modest 

reduction in depressive symptoms [10]. 

Moreover, scarce data are available in the 

Middle East populations in general and 

Egyptian patients in particular, who have 

different etiology, ethnic, cultural backgrounds 

and risk factors from those patients in the west. 

 

Objective 

  
The aim of this study is to investigate the 

impact of a 12-week cardiac rehabilitation 

program on depressive symptoms in patients 

with heart failure and reduced ejection fraction. 

 

Patients and Methods 

 
This study was a randomized, unblinded, 

prospective clinical study of cardiac 

rehabilitation versus usual care in patients with 

heart failure and reduced ejection fraction 

(HFrEF). Randomization was done by a 

computer based program randomizing the 

sequence of patients whether to the cardiac 

rehabilitation group or to the control group. 
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Patients included in this study were aged 18 to 

65 years old with stable chronic heart failure, 

left ventricular ejection fraction (LVEF) ≤40%, 

New York Heart Association (NYHA) class II 

and III and Beck Depression Inventory-II (BDI-

II) score ≥14. Patients with decompensated 

heart failure or NYHA class IV, history of 

depression disorder before cardiac problem or 

on medical antidepressant treatment, and drug 

abusers. Patients were recruited from the 

university hospital from January 2018 to June 

2019. Patients with HFrEF, included in this 

study, were divided into 2 groups. Patients were 

randomly assigned in 1:1 fashion via permuted 

block randomization to either cardiac 

rehabilitation (CR) group or standard care (SC) 

group, the study protocol was approved by the 

local ethics committee and all patients provided 

an agreement upon a voluntary informed 

consent. 

 

Clinical Data Collection 

 

Patient characteristics were obtained including 

cardiac risk factors (hypertension, diabetes 

mellites, smoking), occupation and etiology of 

heart failure (ischemic or non-ischemic). 

Current antifailure medications (Renin-

Angiotensin-Aldosterone antagonist “RAAS 

blocker”, B- blocker, Mineralocorticoid 

receptor antagonist “MRA”) were documented 

as medications being taken at the time of 

baseline assessment.  

 

Assessment of Depression 

 

Depression was assessed twice at baseline and 

after 3 months in both groups by the Beck 

Depression Inventory-II (BDI-II). The BDI-II 

has been widely studied in cardiac patients and 

has excellent psychometric properties including 

a test-retest reliability coefficient of 0.93. The 

BDI-II is a 21-item, self-report measure of 

depressive symptoms using a 0-3 scale (range 

0-63) [11]. Each item tackles a particular 

symptom of depression. The cutoff points for 

different categories were as follows: minimal 

depression 0–13, mild depression 14–19, 

moderate depression 20–28 and severe 

depression 29–63. A score of 14 or greater is 

considered to reflect clinically significant 

depressive symptoms [11]. Thus, patients with 

BDI-II less than 14 were excluded from the 

study.  

 

Assessment of functional capacity 

 

Functional capacity was subjectively assessed 

according to NYHA functional classification at 

baseline and after 3 months. Patients with 

NYHA functional class I or IV were excluded 

from the study. 

 

Assessment of Quality of life 

 

Health-related Quality of life (HRQoL) was 

assessed at baseline and after 3 months in both 

groups with "Minnesota living with heart 

failure questionnaire" (MLHFQ). The MLHFQ 

is a self-administered disease-specific 

questionnaire for patients with HF, comprising 

21 items rated on six-point Likert scales, 

representing different degrees of impact of HF 

on HRQoL, from 0 (none) to 5 (very much). It 

provides a total score (range 0–105, from best 

to worst HRQoL), as well as scores for two 

dimensions, physical (8 items, range 0–40) and 

emotional (5 items, range 0–25). The other 

eight items (of the total of 21) are only 

considered for the calculation of the total score 

[12]. 

 

Echocardiographic assessment 

 

M-mode and two-dimensional 

echocardiographic studies were performed 

using commercially available 

echocardiographic machines equipped with a 

2.5-MHz multifrequency phased array 

transducer (Philips HD11XE) in a blinded 

manner to study protocol by an independent 

experienced operator, at baseline which 

determined patient's eligibility and baseline 

measurements, and after 3 months which 

determined final measurements of study. Left 

ventricular end-diastolic volume (EDV) and 

end-systolic volume (ESV) were obtained from 

the apical 4- and 2-chamber views by a 
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modified biplane Simpson’s rule, according to 

the recommendations of the American Society 

of Echocardiography, from which ejection 

fraction was automatically calculated as the 

difference between EDV and ESV normalized 

to EDV [13].  

 

Cardiac Rehabilitation (CR) group 

 

All patients in the CR group attended a 12-week 

cardiac rehabilitation program. The cardiac 

rehabilitation program is a comprehensive 

program that comprised supervised exercise 

training in addition to risk factor modification 

and patient education. Patients were exercised 

twice weekly for 12 consecutive weeks. 

Patients included in the CR group were those 

who were adherent to the cardiac rehabilitation 

program. Adherence to the program was 

defined as attending more than twenty exercise 

sessions without three consecutive missed 

sessions. During the sessions, besides exercise, 

each patient from the CR group was consulted 

and educated individually about the nature of 

his disease, cardiac risk factors and importance 

of both lifestyle modifications and adherence to 

prescribed medications. Additionally, each 

patient received dietary consultations and 

psychological support besides sexual and 

smoking cessation advice, where needed.  

 

Exercise protocol 

 

Each exercise session lasted for 45-60 minutes 

commencing with warm-up phase (5-10 

minutes) with gradual increase in heart rate, 

followed by aerobic training (30 minutes) with 

maintenance of target heart rate and finally a 

cool-down phase (5-10 minutes) with gradual 

decrease in heart rate. During each session, the 

intensity of exercise, heart rate (from ECG 

monitoring), and blood pressure were measured 

at rest before exercising, at the middle of work 

on treadmill, and after 5 minutes of load less 

recovery. All sessions were held at the 

hospital's cardiac rehabilitation room under the 

supervision of a cardiologist. Exercise 

prescription during cardiac rehabilitation 

program and intensity of exercise was 

individualized based on patient's clinical status 

to achieve 40–80% of heart rate reserve (HRR), 

calculated from a baseline exercise testing 

using Modified Bruce protocol. Karvonen 

formula was utilized to calculate individualized 

target heart rate, where target HR = [HRR x % 

intensity desired] + baseline resting heart rate. 

HRR is the difference between maximum 

achieved heart rate and baseline resting heart 

rate [14].  

  

Standard care (SC) group 

 

Patients in the SC group received educational 

support according to recommendations of 

European society of cardiology; they were 

encouraged to adhere to their individually 

tailored cardiovascular medications and 

activity recommendations (but no formal 

exercise protocol), but to avoid any undue 

physical activity that caused intolerable 

breathlessness or fatigue.  

 

Follow-Up and Outcome Measures 

 

Follow-up started the day after the end of the 

maintenance exercise training protocol, for 

each patient of CR group, that is, after 3 months 

of exercise training. Whereas patients of SC 

group were followed up after 3 months from 

first time of collecting their clinical data and 

completed their BDI-II questionnaire. Follow-

up ended at the time of study closure or with an 

adverse event. Functional capacity was 

reassessed subjectively at follow-up by NYHA. 

Both depression and HRQoL were reassessed 

by repeat administration of the BDI-II and 

MLHFQ after 3 months respectively, and 

LVEF was also assessed by repeat 

echocardiography. A previous report suggested 

that an approximate 50% reduction in clinical 

symptoms is generally considered to be 

clinically meaningful in trials of patients with 

major depression [15], thus in our study 

significant clinical improvement in BDI-II 

score was considered when it dropped below 14 

or 50% reduction from baseline score was 

attained [16].  
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Statistical analysis 

 

Data was coded and entered using SPSS 

program version 20. A suitable statistical test 

was used. Quantitative data was expressed as 

the mean ± standard deviation (SD). Paired t-

test was used to compare between 2 groups as 

regards quantitative variables. Chi-square test 

was used to compare qualitative variables. 

Multiple comparisons were assessed by 

repeated-measures ANOVA. A value of P<0.05 

was considered statistically significant. 

Correlations were determined using Pearson 

correlation coefficient for normally distributed 

variables. 

 

Results 
  

One hundred twenty-two patients with HFrEF 

were evaluated for possible enrollment, and 

completed BDI-II, of which seventy patients 

(42.6%) had clinically significant depressive 

symptoms, defined as calculated baseline BDI-

II scores ≥14. The 70 participants were 

randomly assigned (via permuted block 

randomization) to either a 3-month CR program 

(n=35) or SC group (n=35). Five patients in the 

CR group were excluded because of 

concomitant comorbidities limiting exercise 

(n=2), and non-adherence to CR sessions (n=3). 

In the SC group, one patient died of sudden 

cardiac death, one month after enrollment, three 

patients decided to withdraw from the study 

after a few weeks, and another patient was 

admitted to hospital because of temporarily 

worsening dyspnea and decompensated heart 

failure. A total of 60 patients completed the 

study (30 in CR group and 30 in SC group). The 

baseline demographic data and clinical risk 

factors among both study groups are shown in 

(Table 1). No significant difference between 

both groups as regards age, gender and 

ischemic etiology for HFrEF. In addition, both 

groups were not significantly different as 

regards clinical risk factors, occupation, NYHA 

functional class, MLHFQ, BDI-II or baseline 

LVEF. Moreover, both groups were on HFrEF 

guideline-recommended antifailure 

medications (RAAS blockers, B-blockers or 

MRA) with similar adherence. 

 

After the 3-month follow-up  

 

After 3 months of supervised exercise, patients 

in the CR group were in a significantly better 

functional class compared to the SC group 

(p<0.001), besides having a significantly lower 

both MLHFQ and BDI-II (p<0.001). In 

addition, although there was no significant 

difference in baseline LVEF, the CR group 

showed a significantly higher LVEF compared 

to SC group (Table 2). When comparing the 

magnitude of change in both groups that 

occurred after the 3-month period, patients in 

CR group achieved significant points reduction 

in BDI-II scores (7.4± 6.5) compared to a 

1.2±3.9-point increase in SC group (p=0.004), 

although there was no significant difference 

between both groups as regards baseline BDI-

II. Considering clinically significant 

improvement in depression level, 18 (60%) 

patients in CR group showed a clinically 

significant improvement in BDI-II score, 

whereas only 4 (13.3%) in the SC group 

improved significantly. In addition, patients in 

the CR group achieved a significant 

improvement in LVEF compared to SC group 

(5±4.5 versus -0.40±3.8, p<0.001) (Table 3). 
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Table 1: Baseline Demographic and Clinical Characteristics of Sample. 

 CR group SC group P-value 

Demographics 

Age (years) 51 ±10.5 51.8±9.8 0.771 

Males 26 (86.7%) 26 (86.7%) 1 

Etiology 

Ischemic 27 (90%) 25 (83.3%) 0.447 

Risk factors 

Hypertension 13 (43.3%) 12 (40%) 0.793 

Diabetes Mellites 10 (33.3%) 9 (30%) 0.077 

Dyslipidemia 14 (46.7%) 17 (56.7%) 0.438 

Smoking 21 (70%) 24 (80%) 0.371 

Occupation 22 (73.3%) 23 (76.7%) 0.766 

Clinical and echocardiographic assessment parameters 

NYHA II 8 (26.7%) 14 (46.7%) 0.108 

NYHA III 22(73.3%) 16 (53.3%) 

MLHFQ 49.1±13.9 50.7±14.45 0.664 

BDI-II 20.57±6.46 21.4±6.05 0.608 

LVEF 33.47±5.84 32.9±5.22 0.693 

Medications 

RAAS blocker 26 (86.7%) 24 (80%) 0.488 

B-blocker 28 (93.3%) 25 (83.3%) 0.228 

MRA 14 (46.7%) 18 (60%) 0.300 

Abbreviations: BDI-II: Beck Depression Inventory II; MLHFQ: Minnesota Living with Heart Failure 

Questionnaire; LVEF: Left Ventricular Ejection Fraction; NYHA: New York Heart Association; RAAS: 

Renin-Angiotensin-Aldosterone; MRA: Mineralocorticoid Receptor Antagonist 

Table 2: Comparison between both groups after the 3-month study period 

 CR group SC group Test value P-value 

NYHA I 21 (70%) 5 (16.7%) 21.741 <0.001 

NYHA II 6 (20%) 6 (20%) 

NYHA III 3 (10%) 16 (53.3%) 

NYHA IV 0 (0%) 3 (10%) 

MLHFQ 26.20±15.66 51.50±16.33 -6.124 <0.001 

BDI-II 13.20±6.19 22.57±6.5 -5.714 <0.001 

LVEF 38.47±5.44 32.50±5.25 4.323 <0.001 

Table 3: Comparison of differences in 3 variables (BDI-II, MLHFQ, LVEF) between both groups 

Differences CR group SC group Test value• P-value 

Beck -7.37±6.53 1.20±3.92 6.163 0.004 

MLHFQ -22.90±12.69 0.80±12.04 7.421 <0.001 

LVEF 5.00±4.52 -0.40±3.77 -5.025 <0.001 

Regarding MLHFQ, patients in the CR group achieved a 22.9±12.7 points reduction in MLHFQ scores 

compared to 0.80±12.04 points increase in SC group) after 3 months which is highly significant between 

2 groups (p<0.001). On examining the correlation between the degree of change in BDI-II and degree 
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of change in MLHFQ in the whole study population, there is a strong positive correlation between 

degree of improvement in depression level and quality of life (r=0.79, p<0.001) as shown in Figure 1. 

 

 
 

Figure 1: Correlation between the change in BDI-II and MLHFQ scores after 3 months. 

 

Discussion 

 
Patients with HFrEF experience progressive 

disability and a decline in health-related QOL. 

In addition to clinical derangements (fatigue, 

dyspnea, etc.), functional limitations and 

psychological distress can restrict activities 

because of a decline in the QOL. The results of 

this prospective study demonstrated that a 12-

week CR is associated with a significant 

reduction of depressive symptoms. 

Furthermore, CR is feasible, safe, and effective 

in improving both LVEF and quality of life. 

This suggests that participating in CR programs 

produces other positive effects on patients’ 

well-being. Several prior studies have shown 

that 3-month exercise training may be 

comparable to antidepressant medication in 

reducing depressive symptoms [8,17]. 

However, the benefits of antidepressant 

medication in cardiac patients have provided 

mixed results. In the SADHART study, only the 

subgroup of patients with more severe 

depression appeared to benefit from sertraline 

[18]. Results from the SADHART-CHF trial 

showed that sertraline performed no better than 

placebo after 12 weeks of treatment, and did not 

improve clinical outcomes [18]. In the 

ENRICHD trial, patients receiving cognitive 

behavioral therapy (CBT) showed a 2.7-point 

greater reduction in BDI scores compared to 

usual care controls [19]. However, ENRICHD 

patients were clinically depressed and received 

treatment (CBT and anti-depressant 

medication) to reduce their depression. 

Participants in our trial were not diagnosed with 

major depression disorder and most were not 

clinically depressed. Although some studies 

have suggested improvement in psychological 

symptoms following exercise programs [20], 

other studies did not show such improvement 

[21,22]. The results of HF-ACTION ancillary 

study demonstrated that exercise training may 

be effective in reducing depressive symptoms 

and by further documenting the prognostic 

significance of depression in HF patients. 

While previous studies have reported that 

exercise is associated with reduced symptoms 

of depression in patients with clinical 

depression, HF-ACTION ancillary study was 

the first randomized trial to show that exercise 

resulted in a significant reduction in depressive 

symptoms in HF patients, which is consistent 

with our result [23,24]. After 3 months of 

supervised exercise, patients in the CR group 

achieved a 7.4±6.5 point’s reduction in BDI-II 

scores compared to 1.2±3.9 points increasing in 

SC group. This difference is likely to be 

associated with better social functioning and 
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higher quality of life. While the HF-ACTION 

ancillary study was conducted for patients in 

USA, Canada and France, this is the first study 

to be conducted in Egypt and Middle East, a 

population with possibly a distinct 

psychological perspective in a different 

environment. 

 

The effect of CR on left ventricular systolic 

function is controversial [25]. Studies exploring 

the effect of CR on left ventricular systolic 

function in HFrEF patients showed that LVEF 

either did not change [26,27], or increased 

[28,29]. However, a significant improvement in 

LVEF was achieved in the CR group. This can 

be explained by the beneficial effect of exercise 

in addition to the frequent advice and enhancing 

patient adherence to the medications with 

proven reverse remodeling effects. It was 

clearly demonstrated that the change in both 

QOL and level of depression in patients with 

HFrEF are strongly interrelated and the 

intervention in this population by CR program 

results in parallel improvement in both QOL, 

which is an important endpoint, and depression 

level, common comorbidity in this population. 

This correlation was also shown by Hooley et 

al in a study in outpatients with congestive heart 

failure [30]. In addition, in our study conducted 

a significant improvement in LVEF was also 

achieved which elaborated the multi-faceted 

benefits of conducting CR programs for 

patients with HFrEF. In this context, cardiac 

rehabilitation appears to be the right time to 

manage psychological disorders in heart failure 

patients. Exercise training in the context of 

comprehensive CR appears, therefore, to be a 

safe, cost-effective that can be integrated into 

the overall drug and non-drug management of 

HFrEF patients, not only to improve symptoms 

of depression, but also to improve quality of life 

and possibly left ventricular function. 

 

A number of limitations in the present study 

noted. First of all is the small number of patients 

studied, all patients were HFrEF NYHA class II 

and III. Therefore, the beneficial of exercise 

training on depression in asymptomatic HF 

patients (NYHA class I) and in those with more 

severe HF (NYHA class IV) have not been 

evaluated, none of the patients had major 

depressive symptoms, this may have affected 

the absolute number of points improvement on 

the BDI-II questionnaire. Although elderly 

patients represent the largest population with 

chronic HF, patients who are included in 

cardiac rehabilitation programs are currently 

younger than 65, it is not clear whether exercise 

training has the same effect in older patients 

(age of >65 years). In addition, most of our 

patients in this study were men, then we can't 

decide if this result has equal benefits for 

women too. Moreover, we can't apply this result 

in patients with HF with preserved or mid-range 

ejection fraction, because all patients included 

in this study had HFrEF. Patients with non-

ischemic HF were small sample, when 

comparing with those their HF due to ischemic 

etiology, then benefits of exercise on depressive 

symptoms in this specific entity need to be 

addressed in further studies.  

 

Conclusion 
 

In conclusion, the results of this prospective, 

randomized study demonstrate that CR 

program, not only favorably influence quality 

of life and possibly LVEF, but it also 

significantly ameliorates depressive symptoms 

in patients with HFrEF. 

 

Recommendations 

 
Cardiac rehabilitation should be implemented 

in routine management of patients with HFrEF 

to improve both their physical and 

psychological domains.  
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