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The prevalence and impact of depression
and anxiety in cardiac rehabilitation:
A longitudinal cohort study
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Abstract

Background: Co-morbid depression and anxiety symptoms are frequently under-recognised and under-treated in heart

disease and this negatively impacts self-management.

Aims: The purpose of this study was to determine the prevalence, correlates and predictors of depression and anxiety

in cardiac rehabilitation programmes, the impact of cardiac rehabilitation on moderate depression, anxiety and stress

symptoms, and the relationship between moderate depression, anxiety and stress symptoms and cardiac rehabilitation

adherence.

Methods: This was a retrospective cohort study of 5908 patients entering cardiac rehabilitation programmes from

2006–2017, across two Sydney metropolitan teaching hospitals. Variables included demographics, diagnoses, cardiovas-

cular risk factors, medication use, participation rates, health status (Medical Outcomes Study Short Form-36) and

psychological health (Depression Anxiety Stress Scales) subscale scores.

Results: Moderate depression, anxiety or stress symptoms were prevalent in 18%, 28% and 13% of adults entering

cardiac rehabilitation programmes, respectively. Adults with moderate depression (24% vs 13%), anxiety (32% vs 23%) or

stress (18% vs 10%) symptoms were significantly less likely to adhere to cardiac rehabilitation compared with those with

normal-mild symptoms (p< 0.001). Anxiety (odds ratio 4.395, 95% confidence interval 3.363–5.744, p< 0.001) and

stress (odds ratio 4.527, 95% confidence interval 3.315–6.181, p< 0.001) were the strongest predictors of depression.

Depression (odds ratio 3.167, 95% confidence interval 2.411–4.161) and stress (odds ratio 5.577, 95% confidence

interval 4.006–7.765, p< 0.001) increased the risk of anxiety on entry by more than three times, above socio-demo-

graphic factors, cardiovascular risk factors, diagnoses and quality of life.

Conclusion: Monitoring depression and anxiety symptoms on entry and during cardiac rehabilitation can assist to

improve adherence and may identify the need for additional psychological health support. Exploring the relevance and

use of adjunct psychological support strategies within cardiac rehabilitation programmes is warranted.
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Introduction

Heart disease remains the leading cause of death inter-
nationally, accounting for 17.9 million deaths (31%) glo-
bally,1 and US$863 billion in global healthcare
expenditure.2 Depression and anxiety cost the global
economy US$1 trillion per year, and accounts for as
high as 10% of the global disease burden,3,4 and increases
heart disease healthcare costs.5 Co-morbid depression
and anxiety increases the risk of poorer prognosis and
mortality after a cardiac event,6 with depression
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increasing the risk more than two-fold,7,8 and reduces
compliance with medications and recommended
treatments.9

Depression and anxiety are under-recognised and
under-treated in heart disease patients, particularly in
women.10 Misdiagnosis commonly occurs during hospi-
talisation due to the protective function of denial,11 and
accounts for the persistence of symptoms after discharge
and on entry into cardiac rehabilitation (CR) pro-
grammes. Milder forms of depression occur in up to
30% of patients after an acute cardiac event.12 Whilst
depressive symptoms are considered transient in
nature6, they can also worsen over time.13 Diagnosed
moderate depression and anxiety symptoms occurs in
11%14,15 and 15%16 of heart disease patients, placing
them at an even greater risk of further cardiovascular
events, poorer quality of life,17 functional decline or dis-
ability,18 and reducing productivity.19

Reduced adherence to recommendations for risk
factor management protocols including hypertension,
smoking, dyslipidaemia, diabetes, sedentary lifestyle
and weight management20,21 after a cardiac event is
common due to the complex interplay of physical,
social, environmental and psychological components
of heath, which are often not afforded the same
priority as the treatment of physical symptoms.22

Psychological health is also likely to mediate the bi-
directional interaction between psychosocial risk fac-
tors and heart disease.22,23 Optimising depression and
anxiety in heart disease patients, therefore, presents an
opportunity to improve the impact of psychosocial risk
factors on poorer cardiovascular outcomes.22 Some
efforts have been made to integrate psychological
health within secondary prevention to improve
psychological health management.4,24,25 However, this
has not led to widespread changes in the delivery of
psychological health support in heart disease care.
Assessment of the mental health status of all heart
disease patients also varies greatly across clinical
settings.26

Whilst structured clinical interview is the only well-
validated measure for the diagnosis of depression and
anxiety, cut-off scores of validated screening instru-
ments used in practice to define clinically significant
depression, in many, but not all cases, also correspond
to standard criteria for a diagnosis of depression and
vice versa.27 As such, understanding the prevalence of
moderate psychological health symptoms, factors that
increase vulnerability to poor psychological outcomes28

and predictors of depression and anxiety symptoms will
provide the evidence required for health organisations,
clinicians and policy makers to better understand the
impact of poor psychological health on CR service pro-
vision. It will also allow decision-makers to plan for
better coordination of services in order to optimise

uptake and adherence to CR services, which is aligned
with an integrated approach to care.

Aims

The aims of this study were to identify (a) the preva-
lence and correlates of moderate depression anxiety and
stress symptoms in adults with heart disease who parti-
cipated in CR programmes; (b) predictors of moderate
depression and anxiety symptoms on entry into CR
programmes; (c) the impact of CR programmes on
moderate depression, anxiety and stress; and (d) the
impact of moderate depression, anxiety and stress on
adherence to CR programmes.

Methods

Study design, setting and participants

This was a retrospective cohort study of Australian
adults with heart disease who participated in CR pro-
grammes in two hospitals in metropolitan Sydney,
Australia, between 2006–2017. Ethical approval for
use of the dataset was obtained from Western Sydney
Local Health District Human Research Ethics
Committee (AU RED LNR/17/WMEAD/24) and rati-
fied by the University of Technology Sydney Human
Research Committee (ETH 17-1604).

Sample

Participants were adults aged 18 years and older who
had a recent admission to hospital with a cardiac
condition, had a cardiac diagnosis including acute cor-
onary syndrome or heart failure, or were referred to CR
for risk factor modification.

Data collection

Variables. Demographic characteristics included gender,
age, year of entry into CR, occupation, and family his-
tory of heart disease in members under 55 years of age.
Marital status was defined as married, engaged or de-
facto; divorced or separated; widowed; or single (see
Table 1).

Health status included Short Form-36 (SF-36)
Quality of Life measures (version 1). Subscales included
general health, physical functioning, role-physical,
bodily pain, vitality, social functioning, role-emotional,
mental health and health transition. Both the overall
SF-36 scores and subscale scores on entry and at com-
pletion of CR were used in the analyses. Higher scores
reflected greater mental and physical self-rated health.29

The SF-36 has been validated in coronary heart dis-
ease30 and CR populations.31
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Risk factors included smoking status, sedentary life-
style prior to the cardiac event, depression, diabetes or
hypertension.

Heart disease diagnosis included acute myocardial
infarction (MI), cardiothoracic surgery, percutaneous
coronary angiogram and/or stent insertion, chest pain
or angina or other diagnoses.

Current medications were categorised into key cardiac
medication groups including self-reported blood pres-
sure control or use of digoxin, beta-blocker agents,
angiotensin-converting enzyme (ACE) inhibitors, anti-
arrhythmic agents, calcium antagonists, or nitrates.

Physiological assessment included body mass index
(BMI), exercise capacity, defined by metabolic exercise
testing (MET) levels or six-minute walk test (6MWT)
results on entry, systolic blood pressure (SBP), diastolic
blood pressure (DBP) and resting heart rate (HR) on
entry into CR programmes.

Psychological assessment consisted of the Depression,
Anxiety and Stress as measured by the Depression
Anxiety Stress Scale (DASS-21).32 The DASS-21 is a
set of three self-report scales designed to measure the
negative emotional states of depression, anxiety and
stress. The depression subscale assesses dysphoria, hope-
lessness, devaluation of life, self-deprecation, lack of
interest/involvement, anhedonia and inertia. The anxiety
subscale assesses autonomic arousal, skeletal muscle
effects, situational anxiety and subjective experience of
anxious affect. The stress subscale is sensitive to levels of
chronic non-specific arousal. It assesses difficulty relax-
ing, nervous arousal, and being easily upset/agitated,
irritable/over-reactive and impatient.32 All scales of the
DASS-21 have been shown to have high internal con-
sistency and to yield meaningful discriminations in a
variety of settings,32,33 and have been widely used in
CR.34 The term ‘moderate depression’ was used to
define moderate to extremely severe depressive symp-
toms, indicated by a DASS-21 subscale score of �14.
‘Moderate anxiety’ was used to describe to moderate
to extremely severe anxiety symptoms, defined by a
DASS-21 subscale score of �10. ‘Moderate stress’ was
used to describe moderate to extremely severe stress
symptoms, defined by a DASS-21 subscale score of �19.

Participation rates in CR programmes included days
to pre-assessment at CR and drop out. Adults who
dropped out of CR programmes due to reasons other
than non-motivation or lack of attendance/contact
were excluded from this analysis, given that these
adults may simply have been referred to another pro-
gramme or re-hospitalised.

Statistical analysis

De-identified data was cleaned, then exported into
SPSS Statistical Package Version 23 for analysis.

Independent t-tests and Mann Whitney U tests were
used to analyse continuous data and chi-squared tests
and Fishers exact tests were used for categorical out-
comes in univariate non-parametric analyses. Scores
derived from psychometric measures for depression,
anxiety and stress, and quality of life, were all measured
on continuous scales on entry and at completion of CR
programmes. Statistical significance was set at p< 0.05.
To determine predictors of moderate depression or anx-
iety, factors with p< 0.1 were entered into stepwise
backward logistical regression models using likelihood
ratio tests. Receiver operating curves determined that
the sensitivity/specificity of the depression and anxiety
models was area under the curve (AUC)¼ 0.923 and
AUC¼ 0.860 respectively, indicating that we were not
able to reject the hypothesis that the fit of the models
was good, and the likelihood of a type I or type II error
was low.

Results

This study sample was drawn from a cohort of 5908
patients from two hospitals in one local health district
in Sydney, Australia, and a total of 4784 participants
completed the DASS-21 questionnaire on entry into
CR programmes. Symptoms of moderate to extremely
severe depression were prevalent in approximately 18%
(n¼ 867) of adults who entered CR programmes.
A higher proportion of participants (28%, n¼ 1333)
reported having moderate to extremely severe anxiety,
and approximately 13% of adults (n¼ 637) reported
having symptoms of moderate to extremely severe
stress on entry into CR programmes (see Table 1).

Factors associated with depression, anxiety and
stress symptoms on entry into CR programmes are
described in Tables 1–3. A significantly greater propor-
tion of adults with at least moderate depression, anxiety
or stress symptoms were male (79%), married, engaged
or in a de-facto relationship (74%), or employed (48%)
with a mean age of 60 years (standard deviation
(SD)� 12). Heart disease risk factors were increasingly
prevalent in adults with these symptoms including sed-
entary lifestyle (58%), hypertension (62%) and hyper-
cholesterolaemia (11%), lower exercise capacity testing
scores (METS: mean¼ 8 (SD� 12); 6MWT: mean-
¼ 331 metres (SD� 114)), and borderline obesity
(BMI: mean¼ 29 (SD� 13)).

Change in depression anxiety and stress symptoms
at completion of CR

Depression. Nine percent of adults with moderate
depression on entry had only normal to mild depressive
symptoms on completion. However, 5% of adults with
moderate depression on entry who completed CR

4 European Journal of Preventive Cardiology 0(00)
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programmes remained moderately depressed
(p< 0.001). Similarly, 15% of adults with moderate
anxiety on entry had only normal to mild anxiety symp-
toms on completion, whilst 8% of these adults
remained moderately anxious (p< 0.001). Eight percent
of adults with moderate stress on entry had only
normal to mild stress on completion compared with
3% of adults who remained moderately stressed
(p< 0.001). The mean reductions in DASS-21 depres-
sion, anxiety and stress subscale scores on completion
were all 1.93 points (p< 0.001).

Depression, anxiety and stress symptoms and
dropout from CR programmes

Adults with symptoms of moderate depression (24% vs
13%), anxiety (32% vs 23%) or stress (18% vs 10%)
symptoms on entry into CR programmes were signifi-
cantly more likely to drop out compared with adults
with only normal to mild symptoms (all p< 0.001) (see
Table 4).

Predictors of depression on entry into CR
programmes

Independent predictors of moderate depression on
entry into CR programmes are described in Table 5.
Moderate anxiety increased the risk of moderate
depression reflected in higher DASS-21 scores by
4.395 times (p< 0001). Similarly, prevalence of moder-
ate stress symptoms increased the risk of moderate
depression by 4.527 times (p< 0.001). Better role-emo-
tional functioning and mental health (SF-36 subdomain
scores) reduced the risk of moderate depression on
entry by 0.994 and 0.944 times respectively

(p< 0.001). Higher health transition scores slightly
increased the risk of moderate depression on entry
into CR programmes by 1.018 times (p< 0.001).

Predictors of anxiety on entry into CR programmes

Moderate depression and stress were the strongest pre-
dictors of moderate anxiety, increasing the risk of by
3.167 times (p< 0.001) and 5.577 (p< 0.001) times
respectively. Increasing age (p¼ 0.009) and quality of
life (p< 0.001) also slightly reduced the risk of moder-
ate anxiety (see Table 6). A diagnosis of chest
pain increased the risk of anxiety by 1.945 times
(p¼ 0.006). Other diagnoses, such a heart transplant-
ation or left ventricular assisted device insertion, for
example, increased the risk of anxiety by 1.553 times
(p¼ 0.006) whilst a percutaneous coronary intervention
increased the risk by 1.358 times (p¼ 0.043).

Discussion

Key findings indicate that (a) one in five adults had
moderate to extremely severe psychological health
symptoms on entry into CR programmes; (b) these
adults were significantly less likely to complete CR pro-
grammes; (c) one half of adults with moderate depres-
sion and anxiety symptoms who completed CR did not
show significant improvements in their psychological
health symptoms; (d) the impact of moderate anxiety
and stress on moderate depression has been underesti-
mated, and the effect is bi-directional. Specifically,
having moderate anxiety or stress quadrupled the risk
of moderate depression on entry into CR; moderate
depression tripled the risk of moderate anxiety; and
moderate stress increased the risk of moderate anxiety

Table 4. Association between depression, anxiety and stress symptoms and dropout from cardiac rehabilitation programmes.

Dropout

Yes No

DASS-21 subscale n % n % p Value

Overall 714 100 2564 100

Depression

Normal to mild 540 76 2220 87 <0.001

Moderate to extremely severe 174 24 344 13

Anxiety

Normal to mild 482 68 1965 77 <0.001

Moderate to extremely severe 231 32 599 23

Stress

Normal to mild 587 82 2303 90 <0.001

Moderate to extremely severe 126 18 261 10

DASS: Depression Anxiety Stress Scales.
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by over five times. These findings confirm depression as
a strong predictor of anxiety over and above CAD
severity, antidepressant use or clinical characteristics.35

A diagnosis of chest pain increased the risk of anxiety
on entry into CR, which is consistent with previous
findings in recently diagnosed heart failure patients.36

However, no link between depression and chest pain
was established, confirming difficulties in determining
a causal relationship between these two factors.37

Increasing age and improved overall quality of life
reduced the risk of moderate anxiety, whilst better role
functioning due to emotional health and mental health
reduced the risk of moderate to extremely severe
depression. This confirms the perception of poor
mental health as a useful indicator of undiagnosed
depression.38 Better general health now compared
with one year ago also increased the risk for moderate
depressive symptoms on entry into CR programmes.
This could indicate that moderate depressive symptoms
are persistent, despite improvements in health as a
result of treatment of the cardiovascular condition.13

Decreased adherence to medication in depressed
patients may be attributable to a perception of no add-
itional benefit or ‘feeling worse’ whilst perceptions of
disability, incapacitation and de-masculinisation in

men may contribute to reduced adherence to exercise-
based programmes.39,40 These findings indicate that
success in heart disease secondary prevention, including
adherence to CR programmes may depend on the inter-
action between the body and the mind, which needs to
be better reflected in the assessment and management
of depression and anxiety, as well as psychosocial
risk factors that impact psychological health and
quality of life.23

Comprehensive screening, referral and treatment of
co-morbid depression and anxiety symptoms after a
cardiac event is essential to identify patients at risk of
poorer cardiovascular prognosis and mortality.15,41

American Heart Association and National Heart
Foundation of Australia guidelines recommend screen-
ing for depression in heart disease patients using the
patient health questionnaire (PHQ-2), and PHQ-9 for
those meeting diagnostic criteria,15 whilst international
CR guidelines recommend screening all patients for
both depression and anxiety symptoms.42–44 Despite
these recommendations,15 screening and referral pro-
cedures for depression are not standard practice
during hospitalisation, and omission of screening
varies between 29–68% in CR programmes.41

Screening, referral and management of clinically

Table 6. Predictors of anxiety on entry into cardiac rehabilitation.

Factor Odds ratio Lower Upper p Value

Depression

Moderately to extremely severe 3.167 2.411 4.161 <0.001

Stress

Moderate to extremely severe 5.577 4.006 7.765 <0.001

Age 0.989 0.981 0.997 0.009

Quality of life (SF-36) 0.943 0.936 0.950 <0.001

Diagnoses

Acute myocardial infarction – <0.001

PCI/ stent 1.358 1.010 1.826 0.043

Chest pain 1.945 1.209 3.129 0.006

Other 1.553 1.131 2.131 0.007

PCI: percutaneous coronary intervention; SF-36: Short Form-36.

Table 5. Predictors of depression on entry into cardiac rehabilitation programmes.

Factor Odds ratio Lower Upper p Value

Anxiety

Moderately to extremely severe 4.395 3.363 5.744 <0.001

Stress

Moderate to extremely severe 4.527 3.315 6.181 <0.001

Role-emotional 0.994 0.990 0.997 <0.001

Mental health 0.944 0.935 0.952 <0.001

Health transition 1.018 1.012 1.025 <0.001
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significant anxiety, as well as depression, is essential to
cardiovascular risk reduction given the current findings
and is supported by previous findings of depression in
39% of adults with generalised anxiety disorder,45 anx-
iety after an acute cardiac event as predictive of
developing depression in the following six
months,17,46 and the higher relapse rates and poorer
response rates to antidepressant medication treatment
among those with anxious depression.47 The hospital
anxiety and depression scale, for example, has been
identified as the most commonly used screening tool
for anxiety and depression in 248 CR programmes
across South America, USA and Canada,41 and the
most efficient method for screening and utilisation of
adjunct psychological strategies in the CR setting.48

The DASS-21 has additional utility in that it is avail-
able in approximately 50 languages and dialects,
increasing accessibility for its use in non-English speak-
ing populations, where depression and anxiety rates are
known to be high.49

Screening practices alone are insufficient to modify
depression outcomes, and further research is required
to understand the impact of referral and compliance
with treatment of poor psychological health.41 Poor
compliance with external referral for psychological treat-
ment suggests that patients may feel more comfortable
receiving adjunct psychological support within CR pro-
grammes.40 However, the availability of comprehensive
CR programmes that include strategies for psychological
health varies internationally. Calls for the development
and testing of an effective referral and treatment
approach that goes beyond process-oriented screening
practices towards collaborative care is required to
better enhance psychological outcomes in the heart dis-
ease clientele.41 Indeed, collaborative care approaches
for depression initiated during the hospitalisation pro-
cess have demonstrated improved depression, cognitive
symptoms of depression, mental health-related quality of
life and anxiety in heart disease patients.50

It is unknown whether treating depression definitively
improves heart disease outcomes.51 The use of anti-
depressant medication as a first line of treatment has
been inconsistent in reducing depression, and largely dis-
appointing in improving prognosis in CR pro-
grammes.52,53 However, randomised controlled trials of
psychosocial interventions highlight that whilst treating
depression is inconsistent in improving mortality,24,54,55

it may reduce depressive symptoms and social isola-
tion,24 and cardiac event recurrence.25 As such, the
National Institute for Clinical Excellence (NICE)56 and
American Heart Association6 guidelines recommend the
integration of psychosocial interventions such as cogni-
tive behavioural therapy (Class I, Level A evidence) or
meditation57 as adjunct or alternative treatments for
those unable to tolerate antidepressant drugs or who

prefer a non-pharmacological approach. These interven-
tions could address identified needs to calm thoughts,
alleviate physical discomfort40 and improve cognition,
behaviour and affect that are associated with low per-
ceived social support.24 However, to date there is not
broad consensus or support between clinicians involved
in heart disease care in the Australian clinical setting on
how adjunct strategies might be best integrated into clin-
ical practice to improve depression and anxiety out-
comes or whether adjunct strategies should be
incorporated within existing heart disease care. Further
research is required to best identify how clinicians might
proactively implement comprehensive patient and
family-centred strategies to best reduce depression and
anxiety in heart disease secondary prevention and reduce
cardiovascular risk.

Limitations

It is possible that there is overlap between the con-
structs of depression, anxiety and stress, and that the
current results reflect a syndrome of negative affectivity,
or a chronic experience of negative emotions, rather
than a relationship between two distinct symptoms or
conditions.58 However, the DASS-21 depression, anx-
iety and stress subscales are considered to align with
facets of diagnostic criteria for mood disorders, panic
disorder and generalised anxiety disorder respect-
ively.33,59 The anxiety subscale also correlates with
symptoms of other anxiety disorders, apart from gen-
eralised anxiety and obsessive compulsive disorders.33

Adults with high negative affectivity also have the ten-
dency to be attuned to somatic symptoms, possibly mis-
interpreting these ambiguous sensations as physical
illnesses.58 Both these factors introduce the possibility
of a response bias and is a limitation of the current
findings. However, whilst the DASS-21 anxiety sub-
scale contains some somatic items that could be experi-
enced for reasons unrelated to emotion, such as
breathlessness, the depression subscale does not contain
somatic items, reducing the possibility of artificial score
inflation.33 Caution is required when interpreting the
results of the anxiety subscale given its inclusion of
somatic content, whilst the depression subscale is con-
sidered reliable in differentiating patients with and
without depression in the presence of co-morbidity.33

The true prevalence of moderate to extremely severe
depression and anxiety after CR is possibly higher
given that depression and anxiety symptom scores
were not available for those who did not complete
CR programmes. Use of convenience sampling reduces
generalisability of the findings to the broader CR popu-
lation. Analyses on disease severity, complications and
differential diagnoses could not be completed due to the
limited data available in this administrative dataset.
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Use of some self-reported data and heterogeneity of the
sample due to the inclusion of some risk factor modifi-
cation patients without a definitive heart disease diag-
nosis may reduce the validity of the findings.

Conclusion

Moderate, clinically significant depression and anxiety
symptoms persist on entry into CR programmes.
Comprehensive, pro-active screening, referral and
treatment of moderate depression and anxiety symp-
toms within CR programmes is required to decrease
the severity and impact of depression and anxiety
symptoms and to improve adherence to recommenda-
tions for heart disease risk factor management, thereby
reducing future cardiovascular risk.
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