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Abstract

Background: Depression is associated with increased mortality and poor prognosis in patients with cardiovascular
disease (CVD). However, little is known about the patient characteristics associated with new onset post heart event
depressive symptoms, specifically medical comorbidities, among cardiac rehabilitation (CR) participants. Therefore,
this paper examines the comorbidity profile and characteristics associated with new onset depressive symptoms in
patients attending CR.

Methods: An observational study using the routine practice data of British Heart Foundation National Audit of
Cardiac Rehabilitation (NACR) from the last six years between April 2012 and March 2018. Patients with new onset
post heart event depression and no previous documented history of depression were selected as the study
population. An independent samples t-test and chi square tests were used to compare the association between
new onset depressive symptoms and patient variables including demographics, clinical measures and comorbidities. A
binary logistic regression was conducted to investigate the predictors of new onset depressive symptoms employing
log-likelihood ratio statistic.

Results: The analyses included 109,055 CR patients with new onset depression measured by Hospital Anxiety and
Depression Scale (HADS). At baseline assessment, comorbidity measures associated with new onset depressive
symptoms were increased total number of comorbidities and a range of comorbidities - including diabetes, angina,
arthritis, chronic back problems, asthma, stroke, anxiety, rheumatism, claudication, osteoporosis, chronic bronchitis and
emphysema. After multivariate adjustments were done, at the start of CR, the significant predictors of new onset
depressive symptoms were physical inactivity, high HADS anxiety score measurement, increased weight, total number
of comorbidities, diabetes, stroke, chronic back problems, being from areas with higher levels of social deprivation,
being single, and male.

Conclusion: The research findings establish new insights into the association between patient demographic and
clinical variables across a range of comorbidities in patients with new onset post heart event depressive symptoms. At
the start of CR, patients with new onset depressive symptoms need to be assessed skilfully as they tend to have a
complex multi-morbid presentation linked to psychosocial risk factors known to hinder CR engagement.

Keywords: Cardiovascular disease, Cardiac rehabilitation, Depression, New onset depressive symptoms, Comorbidities,
Observational study

* Correspondence: ss2284@york.ac.uk

1Department of Health Sciences, Faculty of Science, University of York, York,
UK

Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-019-1245-6&domain=pdf
http://orcid.org/0000-0001-8627-4237
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:ss2284@york.ac.uk

Sever et al. BMC Cardiovascular Disorders (2019) 19:256

Background

Depression is common after cardiovascular disease (CVD)
and is associated with worse prognosis and increased mor-
tality rates [1]. Nearly 20% of patients experience major
depression after an acute heart event [2]. The co-
occurrence of cardiovascular disease and depression is of
concern to health care providers and commissioners con-
sidering its association with increased health care utilisa-
tion costs and hospital readmission rates [3]. Depression
is also associated with treatment noncompliance, loss of
productivity, and disability in patients with CVD [4].

Cardiac rehabilitation (CR) is a multicomponent
programme which aims for secondary prevention as
well as improving patients’ psychosocial health [5]. CR
is effective and recommended for CVD patients accord-
ing to a recent Cochrane review [6]. In addition, some
meta-analyses have shown that CR reduces depressive
symptoms [7, 8]. Recent CR and prevention guidelines
recommend the assessment of depression under the
virtue of being a multicomponent intervention and as a
risk factor for poor medical outcomes in CVD patients
[1, 5, 9, 10]. In pursuance of the management of psy-
chosocial health, in the UK, the Hospital Anxiety and
Depression Scale (HADS) is used at baseline CR to
make adjustments to the intervention based on patient
requirements and individual goals [11]. Furthermore,
HADS is a reliable and validated tool for the assess-
ment of depressive symptoms in CVD patients in differ-
ent countries including the UK [12, 13].

Recent studies are particularly focused on the time on-
set of depressive symptoms in relation to adverse cardiac
events and mortality outcomes [14—17]. Some studies
have shown that patients with history of depression prior
to a heart event had increased cardiac morbidity and risk
for mortality [14, 15], however, other research has
shown that new onset depressive symptoms after a heart
event was particularly related to increased mortality and
adverse cardiac events [16, 17]. A recent paper using
NACR data further developed this literature and found
that patients with prior history of depression and who
present with high level of depressive symptoms at the
start of CR tend to have increased weight, BMI, anxiety
symptoms, smoking, physical inactivity, and they were
younger and more likely to be single compared to pa-
tients who have depression history but absence of de-
pressive symptoms at the start of CR [18]. This study
aims to build on the previous work done in this field
with a unique population yet to be addressed, patients
without history of depression, meaning patients with
new onset post heart event depressive symptoms, to
examine which patient characteristics are associated with
developing new onset depressive symptoms in relation
to cardiovascular disease. Therefore, this study examines
the demographic and clinical characteristics associated
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with new onset depressive symptoms in patients attend-
ing CR. In addition, prior studies were unable to include
different types of comorbidities and examine their asso-
ciation with depressive symptoms in CR patients which
have been included in this study. Thus, this study is the
first to further investigate the comorbidity profile of pa-
tients to enable CR practitioners to better understand
the patient profile and association of a variety of comor-
bidities at baseline, prior to the start of CR, with new
onset depressive symptoms in the UK CR context.

Methods

This study used a robust retrospective observational
methodology to examine the association of medical co-
morbidities and individual patient characteristics with
new onset depressive symptoms in CVD patients attend-
ing a CR assessment. This study has been reported ap-
plying the strengthening the reporting of observational
studies in epidemiology (STROBE) checklist [19].

Data collection

The analysis was conducted using patient data in the
NACR database. The NACR aims to monitor CR ser-
vices and improve the quality of UK CR programmes. In
order to realize this aim individual patient level data are
collected by CR programmes under section 251 approval
of the NHS Act 2006 and entered into a secure online
system hosted by NHS digital. NHS digital has approval
to collect identifiable patient data which are then anon-
ymised before data can be extracted and made available
to the NACR for audit purposes. Therefore, there was
no need to gain patient consent from individuals due to
this data governance process. Data governance agree-
ment between NHS Digital and NACR is reviewed every
year by NHS digital. In the current study as the data is
used in line with the NACR purposes and complies with
data protection regulations, no separate NHS ethical ap-
proval was required. There are 229 CR services entering
the data electronically which is 80% of all programmes
[11]. The data includes patients’ initiating event, demo-
graphics, risk factors, treatment, medication and out-
comes who undergo CR in the UK.

Participants

The NACR data between the dates — 1 April 2012 to 31
March 2018 — were extracted and analysed. The study
population included patients with myocardial infarction
(MI) and heart failure (HF) and those who receive treat-
ment of percutaneous coronary intervention (PCI) and
coronary artery bypass graft (CABG) as recommended in
the clinical guidelines [20, 21]. From the overall popula-
tion of NACR cohort (N=277,521), 152,068 patients
(55%) had their HADS measurements recorded. All the
eligible patients (N =109,055) who had baseline HADS
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assessments recorded in CR, and who did not present
with prior history of depression, were selected as partici-
pants during the study period.

Measures

Patients who had no reported prior history of depression
and possessed a HADS measurement at the start of CR
were screened through the NACR data set. This ap-
proach defined the eligible population that constituted
our study sample.

Hospital anxiety and depression scale

The HADS is an assessment tool consisting of self-an-
swered questions which is used for the measurement of
depressive symptoms. Psychosocial health measurements,
including HADS, are recommended to be assessed pre
and post CR to adjust CR services to the participants [5].
There are overall 14 items in HADS, 7 of the items cover
anxiety symptoms and the remaining 7 covers depression.
Every item is scored between 0 and 3, meaning separate
anxiety and depression scales can be scored between 0
and 21. HADS is a reliable and valid measure for the as-
sessment of depression and anxiety symptoms not only in
general population but also in CVD patients [12, 13, 22].
HADS depression measurement, assessed at the start of
CR, employed for the analysis and the clinical cut off point
of 8 was used to categorize patients into absence of new
onset depressive symptoms (< 8) and presence of new on-
set depressive symptoms (> 8) groups [13]. Afterwards,
participants with HADS < 8 and HADS >8 were compared
with the analysis in patients with no history of depression.
HADS anxiety scores of the patients with absence and
presence of new onset depressive symptoms were also
compared. The HADS and other measurements were
explained in detail elsewhere [18].

Total number of comorbidities and comorbidity types

Total number of comorbidities variable is calculated as
the sum of the number of comorbidities present in a
patient. Comorbidities defined as the medical history of
conditions in the NACR data which is confirmed by CR
providers. The comorbidities included in the current
study are hypertension, hypercholesterolemia, diabetes,
angina, arthritis, osteoporosis, asthma, chronic bronchitis,
emphysema (COPD), cancer, rheumatism, stroke, claudi-
cation, chronic back problems, anxiety, family history of
heart disease and erectile dysfunction.

Other variables

Age, gender, marital status (partnered/single) were the
patient demographics used in the analysis. In addition,
another patient demographic was The English Index of
Multiple Deprivation (IMD) which is a measure of
deprivation applied in England. Seven domains are used
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to construct IMD measure: employment, health deprivation
and disability, income, crime, barriers to housing and ser-
vices, living environment, education skills and training [23].
There are 32,844 sub-areas ranked from the most to least
deprived areas. In our analyses, IMD was used to categorise
patients into two quintiles where first quintile, reported as
‘lowest quintile’, represents the most deprived areas and
other quintiles categorised as the less deprived. Smoking
variable was categorised to current smoker or non-smoker.
Other variables were, weight (kg), body mass index (BMI),
moderate physical activity (150 min a week), and vigorous
physical activity (75min a week). Preliminary baseline
assessments and the literature search were decisive for the
inclusion of these variables. These variables have been
explained in detail in a previous publication [18].

Statistical analysis

The data was analysed using the IBM statistical package
for social sciences (SPSS) software statistics version 25
(New York, USA). Patients without prior history of de-
pression who have new onset pre HADS assessments
constituted the study population. A p value of <0.05 was
considered to be statistically significant. Means, standard
deviations, and percentages were used to present sum-
mary statistics. T-tests were employed to investigate the
mean difference for presence of new onset depressive
symptoms and absence of new onset depressive symp-
toms grouped by age, total number of comorbidities,
weight, BMI, and HADS anxiety. Chi-square tests were
used to investigate the association between new onset
depressive symptoms and smoking, gender, IMD, phys-
ical activity, marital status, and variety of comorbidities.
Effect sizes were reported as Cohen’s d for continuous
variables and phi for categorical variables. A binary lo-
gistic regression was conducted to examine the statisti-
cally significant predictors of new onset depressive
symptoms (HADS =8) at the start of CR in multivariate
analysis.

Results
A total of 109,055 patients without prior history of
depression who had started CR with valid pre HADS
assessments constituted the study population. Of these
109,055 participants 20% were present with new onset
depressive symptoms (HADS>8) and 80% had absence
of new onset depressive symptoms (HADS< 8). The total
population during the study time period and the study
sample size has been shown in the flow diagram in Fig. 1.
Baseline characteristics of patients according to their
HADS levels (HADS>8 presence of new onset depressive
symptoms, HADS< 8 absence of new onset depressive
symptoms) are presented in Table 1.

Participants with new onset depressive symptoms
group had a higher total number of comorbidities,
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NACR cohort
(N=277521)

Patients with Pre
HADS record
(N=152068)

Patients with new onset HADS
measures (excluding patients with
prior depression history)

( N= 109055)
11

87282 HADS <8
(80%)

21773 HADS 28
(20%)

Fig. 1 A flow diagram for study sampling

increased anxiety scores, higher BMI, increased weight,
and were younger compared to those with an absence of
new onset depressive symptoms group.

In addition, patients with new onset depressive symp-
toms at the start of CR were more likely to be female,
physically inactive, more likely to smoke, be from areas
with higher social deprivation and single. Chi-square test
results are shown in Table 2.

Once the comorbidity profile of the patients has been
investigated, at baseline assessment, patients with pres-
ence of new onset depressive symptoms were more likely
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to have the medical comorbidities of angina, arthritis,
diabetes, rheumatism, stroke, osteoporosis, chronic
bronchitis, emphysema, asthma, claudication, chronic
back problems, and anxiety compared to patients with
absence of new onset depressive symptoms. However,
patients with new onset depressive symptoms were less
likely to have cancer, family history of CVD and hyper-
cholesterolemia. The comorbidity profile of patients at-
tending CR are shown in Table 3.

A binominal logistic regression was performed to as-
certain the impact of comorbidities and other patient
characteristics on the likelihood of having new onset de-
pressive symptoms. The logistic regression model was
statistically significant, X*(12) =12,429.216, p< 0.001.
The model correctly classified 84.9% of the cases. The
statistically significant variables were HADS anxiety
score measurement, physical activity, weight, age, gen-
der, marital status, IMD, diabetes, stroke, chronic back
problems and total number of comorbidities. Table 4
shows the regression model.

Increased HADS anxiety score measurement was asso-
ciated with having new onset depressive symptoms at
the start of CR (OR 1.443, 95% CI: 1.422, 1.445). CR par-
ticipants who are physically inactive had 87% increased
odds of having new onset depressive symptoms. (OR
1.870, 95% CI: 1.761, 1.985). Comorbidity of stroke, dia-
betes and chronic back problems were associated with
presence of new onset depressive symptoms (OR 1.543,
95% CI: 1.363, 1.745; OR 1.297, 95% CI: 1.209, 1.392;
OR 1.095, 95% CI: 1.000, 1.198 respectively) as well as
higher total number of comorbidities (OR 1.029, 95% CI:
1.008, 1.051). In addition, CR patients from the areas of
highest level of deprivation were 27% more likely to have
new onset depressive symptoms at the start of CR (OR
1.270, 95% CI: 1.169, 1.378) and males were 25% more
likely to have depressive symptoms (OR 1.254, 95% CI:
1.170, 1.344).

Discussion

Previous studies have shown the association of new on-
set depressive symptoms with major adverse cardiac
events and mortality. However, previously which factors

Table 1 Baseline characteristics with t-tests for mean difference for presence and absence of new onset HADS depressive symptoms

groups
Variables HADS < 8 group (n=87,282)  HADS =8 group (n=21,773)  Difference  95% Cl P d
Mean £ SD Mean = SD

Age 66.24 + 10.96 64.01 + 11.69 -223 —-240t0o -206 < 0001 020
Total Comorbidities 236+ 146 260 + 158 024 022 to 0.27 < 0001 0.6
Weight 82,67 + 16.86 83.80 + 19.05 113 0.84 to 142 < 0001 007
BMI 2821 + 497 29.00 + 5.77 0.79 0.70 to 0.88 <0.001 0.16
HADS Anxiety Score Measurement 448 + 337 9.86 £ 4.12 538 53310 544 <0.001 1.52

SD standard deviation, C/ confidence interval, d Cohen'’s d
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Table 2 Results from chi square test of association for presence and absence of new onset HADS depressive symptoms groups

Variables HADS < 8 Group % (n = 87,282) HADS = 8 Group % (n=21,773) P Effect size
Female 249 306 < 0.001 0.05
150 min. Physical Activity a Week (Yes) 440 264 < 0.001 0.14
75 min Vigorous Exercise a Week (Yes) 9.3 47 < 0.001 0.07
Smoking (Yes) 6.6 118 < 0.001 0.08
Partnered 782 727 < 0.001 0.05
IMD (Most deprived) 114 180 < 0.001 0.08

are associated with new onset depressive symptoms had
not been thoroughly examined. Therefore, the current
study provides insights into the factors associated with
post heart event new onset depressive symptoms. The
findings of this study show the factors that are statisti-
cally significantly associated with new onset depressive
symptoms are higher total number of comorbidities, in-
creased weight, high HADS anxiety symptoms, physical
inactivity and variety of comorbidities. Additionally, in
terms of demographics, patients with new onset depres-
sive symptoms were more likely to be male, single and
from areas with higher social deprivation.

One finding is that patients with new onset depressive
symptoms have a higher number of total comorbidities
compared to patients with absence of depressive
symptoms after their heart event. Likewise, higher
number of comorbidities was associated with in-
creased odds of having new onset depressive symp-
toms at the start of CR after accounting for other
covariates (OR: 1.029, CI: 1.008, 1.051). In addition, a
range of comorbidities including angina, arthritis,

diabetes, rheumatism, stroke, osteoporosis, chronic
bronchitis, emphysema, asthma, anxiety, claudication,
and chronic back problems were found to be more
prevalent in patients with new onset depressive symptoms.
However, a prior RCT data driven study of Vitinius et al.
[24] was not able to find an association between comor-
bidities and depressive symptoms. This may be due to
their population being younger (mean age 59.1 + 19.8)
in comparison to ours (65.79 + 11.14). RCTs are known
to recruit a younger population, therefore recommen-
dations have been made for RCTs to be more inclusive
of older aged, multi-morbid populations [6]. Addition-
ally, patients with multiple comorbidities are less likely
to be referred to or uptake CR which creates challenges
for services and health care providers [25, 26]. In-
creased numbers of comorbidities may limit cardiac pa-
tients’ physical functioning and thereby increase their
depression levels [27]. However, patients with multiple
comorbidities may benefit from attending CR which
improves their functional capacity and psychosocial
conditions [26, 28].

Table 3 The comorbidity profile of patients reported by the presence and absence of depressive symptoms groups

Comorbidity HADS < 8 Group % (n=287,282) HADS = 8 Group % (n=21,773) P Effect size
Angina 186 19.5 0.004 0.01
Arthritis 16.3 189 < 0.001 0.03
Cancer 78 72 0.003 0.01
Diabetes 205 26.7 < 0.001 0.06
Rheumatism 26 37 < 0001 0.03
Stroke 4.5 6.6 < 0.001 0.04
Osteoporosis 2.1 27 < 0.001 0.02
Hypertension 49.5 49.8 043 0
Chronic bronchitis (COPD) 26 42 < 0.001 0.04
Emphysema 20 3.1 < 0.001 0.03
Asthma 84 104 < 0.001 0.03
Claudication 25 37 < 0.001 0.03
Chronic back problems 114 14.3 < 0.001 0.04
Anxiety 2.7 52 < 0.001 0.06
Family history of CVD 24.8 216 < 0.001 0.03
Erectile dysfunction 49 52 0.08 001
Hypercholesterolemia 2838 279 0.006 0.01
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Table 4 Multivariable adjusted odds ratios for new onset depressive symptoms

Variable B SE Odds Ratio Lower 95% Cl for Odds Ratio Upper 95% Cl for Odds Ratio
Age 0.009 0.001 1.009 1.006 1.012
Weight 0.002 0.001 1.002 1.000 1.004
HADS anxiety score measurement 360 0.004 1443 1422 1445
150 min. a week physical activity (No) 0.626 0.031 1.870 1.761 1.985
Smoking (Yes) 0.097 0.052 1.102 0.995 1.221
Gender (Male) 0227 0.035 1.254 1.170 1.344
Marital Status (Single) 0.138 0.034 1.148 1.074 1.227
Diabetes (Yes) 0.260 0.036 1.297 1.209 1392
Stroke (Yes) 0434 0.063 1.543 1363 1.745
Chronic back problems (Yes) 0.091 0.046 1.095 1.000 1.198
Total number of comorbidities 0.029 0.011 1.029 1.008 1.051
IMD (Most deprived) 0239 0.042 1.270 1.169 1378

B regression coefficient, SE standard error, C/ confidence interval for odds ratio

Diabetes is one of the most prevalent comorbid condi-
tion in patients with new onset depression in our sam-
ple. In addition, the current study has shown that
diabetes was associated with 29% increased odds of hav-
ing new onset depressive symptoms in CR attenders
(OR: 1.297 95% CI: 1.209, 1.392). At the start of CR, dia-
betic patients presented with more cardiovascular risk
factors and had reduced physical fitness [29]. The posi-
tive impact of CR in patients with diabetes has been in-
vestigated by previous studies in terms of mortality [30,
31]. Due to having a greater cardiac risk profile and
lower programme uptake rate, CR programmes are rec-
ommended to target patients with diabetes [32-34].
Given that the prevalence of diabetes is continuing to
rise [35], the medical management of diabetes may be
relevant and lead to a reduction in depressive symptoms.

For each percent increase in the proportion of patients
with stroke comorbidity, the odds of being in the new
onset depressive symptoms category increases by a fac-
tor of 1.543 compared to absence of new onset depres-
sive symptoms. The presence of stroke comorbidity is
associated with a lower likelihood of a patient being re-
ferred to [25], and uptake CR [26]. Yet, stroke patients
can benefit from CR programmes in terms of improve-
ments in their cardiovascular fitness and functional cap-
acity [36], therefore involvement of these patients into
CR can be of benefit.

Our study has shown that respiratory related condi-
tions such as chronic bronchitis, emphysema and asthma
were associated with new onset depressive symptoms in
baseline univariate analysis. Patients with CVD and
COPD experience problems of breathlessness and dis-
ability, therefore cardiac rehabilitation services are rec-
ommended to provide sufficient flexibility to be inclusive
of patients with COPD [37]. The comorbidities of arth-
ritis, rheumatism, osteoporosis and back pain were also

associated with increased depressive symptoms after
heart event. The findings of a cohort study has shown
that, at baseline CR assessments, patients having these
comorbid conditions had a poorer health profile such as
lack of physical activity and fitness than those who do
not present with these comorbidities [38] which may be
responsible from their increased levels of depression. In-
deed, in the current study, the comorbidity of chronic
back pain was associated with increased odds of having
new onset depressive symptoms in patients commencing
CR (OR 1.095, 95%CI: 1.000, 1.198). This study is the
first to shed a light upon the variety of comorbidities
and their association with new onset depressive symp-
toms among patients attending CR.

BMI was statistically significantly higher among pa-
tients with new onset depressive symptoms group with
difference of 0.79 compared to patients with absence of
new onset depressive symptoms, whereas they were in
the same range of being overweight (BMI 29.00 vs
28.21). However, this statistically significant finding have
not been observed in a USA based CR study [28], the
reason for this might be that this American study have
not factored in the patients with new onset depressive
symptoms whose characteristics may be different. Pa-
tients with new onset depressive symptoms had also in-
creased weight by 1.13 kilogrammes compared to
patients with absence of new depressive symptoms
group in the current study. In addition, in multivariate
analysis, weight measurement remained to be signifi-
cantly associated with new onset depressive symptoms
after adjusting for other covariates.

The association of anxiety with depressive symptoms
is confirmed by this study. The mean HADS anxiety
scores were both statistically significant and clinically
meaningfully higher in patients with new onset depres-
sive symptoms group compared to absence of new onset
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depression (MD:5.38 (95%CI 5.33 to 5.44)). A recent
study of Lemay et al. 2019 has shown that minimum
clinically important difference in HADS is 1.7 for CR pa-
tients [39]. The mean difference among these groups
were more than threefold higher than the minimal clin-
ically important difference.

One clinically relevant finding was that smoking and
physical inactivity were two of the modifiable cardiac
risk factors that were associated with new onset depres-
sion. These results support previous systematic reviews
conducted in the general population which show the
prospective association between physical activity and
smoking with depression [40, 41], and some cohort stud-
ies that were unable to differentiate new onset depres-
sive symptoms in cardiac populations [42-44]. Our
findings have added that at baseline CR assessments pa-
tients who present with new onset post heart event de-
pression are more likely to smoke and be physically
inactive compared to patients with absence of new onset
depression. In addition in multivariable analysis physical
inactivity was statistically significantly associated with
87% increased odds of having new onset depressive
symptoms at baseline CR (OR 1.870, 95% CI: 1.761,
1.985). However, smoking was unable to reach the statis-
tical significance in the regression model.

The patient demographics associated with new onset
depressive symptoms were being single, which was in
line with previous studies [45], male gender and being
older. The English Index of Multiple Deprivation (IMD)
was also one of the demographic measures included in
the current study. A recent USA based study has shown
that lower neighbourhood socioeconomic context, mea-
sured by neighbourhood deprivation index, was associ-
ated with reduced likelihood of CR uptake [46].
However, our study used the IMD measure and is the
first to show that patients with new onset depressive
symptoms attending CR were more likely to be from
areas with higher levels of social deprivation. This asso-
ciation of increased social deprivation with new onset
depressive symptoms remained significant after adjusting
for other covariates by having 27% increased odds of
presenting with new onset depressive symptoms (OR
1.270, 95%CIL: 1.169, 1.378). Deprivation is associated
with poor health behaviours such as smoking and phys-
ical inactivity [47] which might be responsible for their
depressive symptoms initiation. Patients from areas with
greater deprivation can be more disadvantaged naturally
and experience barriers to attending CR [46] therefore
strategies for inclusion of this patient group appears to
be a natural next step. In addition, screening depressive
symptoms in patients from areas of higher levels of
deprivation that attend CR may be of benefit for early
detection of the patients with high risks which perhaps
could be investigated in the future studies.
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Our findings are in line with the European Society of
Cardiology (ESC) Position statement on psychosocial as-
pects of cardiac rehabilitation supporting that patients
with low socioeconomic status or from areas of higher
deprivation are more likely to have depressive symptoms
which may lead to poor prognosis of their CVD [48].
We agree that it is important for CR programmes to
identify patients with new onset depressive symptoms or
other psychosocial risk factors and offer tailored inter-
ventions to these patients by a trained health care pro-
fessionals [48].

Limitations

Our population excluded patients with prior history of
depression. This is because we aimed to investigate the
factors associated with new onset depressive symptoms.
However, when we examined the characteristics of our
sample, it was representative of all available patients dur-
ing the study time period ((n =277,521), mean age was
65.79 compared to 65.06, 26% female compared to 27%,
and this proportion did not differ by more than 4% for
other variables). The study sample was nationally repre-
sentative of patients with new onset depressive symp-
toms in the UK. The use of an observational approach
enabled us to generate real world understanding by ana-
lysing routinely collected clinical data. The data included
more patients with multi-comorbidities and higher fe-
male proportion than prior RCTs [6]. However, due to
the nature of an observational study, causal conclusions
cannot be drawn.

Conclusion

According to the results of multivariate analysis, the
characteristics that associated with new onset depressive
symptoms were having higher total number of comor-
bidities, diabetes, stroke, chronic back problems, in-
creased weight, physical inactivity, high anxiety scores,
being male, single and from areas of greater deprivation.
At baseline assessment, CR programmes need to ac-
knowledge that patients with new onset depressive
symptoms may need tailored CR intervention due to
their multi-morbid medical condition and poor patient
characteristics including physical inactivity, high anxiety
scores, increased weight and others. Further studies need
to focus on patient outcomes related to new onset de-
pressive symptoms.

Abbreviations

BHF: British Heart Foundation; BMI: Body mass index; CABG: Coronary artery
bypass graft; CR: Cardiac rehabilitation; CVD: Cardiovascular disease;

HADS: Hospital anxiety and depression scale; IMD: English index of multiple
deprivation; MI: Myocardial infarction; NACR: National Audit of cardiac
rehabilitation; PCI: Percutaneous coronary intervention

Acknowledgements
The authors would like to acknowledge the support of NACR Team.



Sever et al. BMC Cardiovascular Disorders (2019) 19:256

Availability of the data materials

The data that support the findings of this study are available from National
Audit of Cardiac Rehabilitation, but restrictions apply for the availability of
this data, which were used under licence for the current study, as the data
being link anonymised with NHS Digital under Section 251 approval, cannot
be shared publicly.

Authors’ contributions

SS and PD contributed to the conception or design of the work. SS, PD, SG
and AH contributed to the acquisition, analysis, or interpretation of data for
the work. SS, PD, SG and AH drafted and critically revised the manuscript. All
authors gave final approval to be accountable for all aspects of the work,
ensuring accuracy and integrity. In addition, all authors have read and
approved the final manuscript.

Funding

This research was carried out by the British Heart Foundation (BHF)
Cardiovascular Health Research Group, which is supported by a grant from
the BHF (grant reference 040/PSS/17/18/NACR). The funding organisation
had no role in the study design, interpretation and analysis of data, or
preparation of the manuscript.

Ethics approval and consent to participate

The National Audit of Cardiac Rehabilitation is hosted by NHS Digital,
National Audit of Cardiac Rehabilitation is allowed to use anonymised
patient level data and the agreements are annually assessed as a part of
data governance approval between NHS digital and National Audit of
Cardiac Rehabilitation. These agreements and anonymity of the data set
meant that there was no need for separate ethical approval. Permission is
granted for the National Audit of Cardiac Rehabilitation to use patients’ data
by the NHS digital and Health Research Authority’s Confidentiality Group
under section 251 of the NHS Act 2006, which allows to collect identifiable
patient data for NHS digital without needing individual consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1Department of Health Sciences, Faculty of Science, University of York, York,
UK. Department of Health Sciences, Faculty of Science, University of York,
ATB/255 Seebohm Rowntree Building, York, UK.

Received: 16 April 2019 Accepted: 6 November 2019
Published online: 14 November 2019

References

1. Lichtman JH, Froelicher ES, Blumenthal JA, Carney RM, Doering LV, Frasure-
Smith N, et al. Depression as a risk factor for poor prognosis among
patients with acute coronary syndrome: systematic review and
recommendations: a scientific statement from the american heart
association. Circulation. 2014;129:1350-69.

2. Thombs BD, Bass EB, Ford DE, Stewart KJ, Tsilidis KK, Patel U, et al. A qualitative
study: perceptions of the psychosocial consequences and access to support
after an acute myocardial infarction. Arch Gerontol Geriatr. 2006;21:30-8.

3. Baumeister H, Haschke A, Munzinger M, Hutter N, Tully PJ. Inpatient and
outpatient costs in patients with coronary artery disease and mental
disorders: a systematic review. Biopsychosoc Med. 2015,9:1-16.

4. Egede LE. Major depression in individuals with chronic medical disorders:
prevalence, correlates and association with health resource utilization, lost
productivity and functional disability. Gen Hosp Psychiatry. 2007;29:409-16.

5. BACPR. Cardiovascular Disease Prevention and Rehabilitation 2017. Br Assoc
Cardiovasc Prev Rehabil. 2017:1-26.

6. Anderson L, Thompson D, Oldridge N, Zwisler A, Rees K, Martin N, et al.
Exercise-based rehabilitation for coronary heart disease ( Review ). Cochrane
Database Syst Rev. 2016:10-3.

7. Zheng X, Zheng Y, Ma J, Zhang M, Zhang Y, Liu X, et al. Effect of exercise-
based cardiac rehabilitation on anxiety and depression in patients with

20.

21,

22.

23.

24,

25.

26.

27.

28.

29.

30.

Page 8 of 9

myocardial infarction: a systematic review and meta-analysis. Hear Lung.
201948:1-7.

Rutledge T, Redwine LS, Linke SE, Mills PJ. A meta-analysis of mental health
treatments and cardiac rehabilitation for improving clinical outcomes and
depression among patients with coronary heart disease. Psychosom Med.
2013;75:335-49.

SIGN. Cardiac Rehabilitation: A national clinical guideline. Scottish
Intercollegiate Guidelines Network. 2017; July:1-42. http://www.sign.ac.uk/
assets/sign150.pdf. Accessed 3 Sep 2017.

Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al.
2016 European guidelines on cardiovascular disease prevention in clinical
practice. Eur Heart J. 2016;37:2315-81.

NACR. The National Audit of Cardiac Rehabilitation Quality and Outcomes
Report 2018. National Audit of Cardiac Rehabilitation 2018. https://www.bhf.
org.uk/informationsupport/publications/statistics/national-audit-of-cardiac-
rehabilitation-quality-and-outcomes-report-2018 [J.

Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the hospital
anxiety and depression scale. J Psychosom Res. 2002;52:69-77.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983,67:361-70.

Sundbell J, Schmidt M, Adelborg K, Pedersen L, Batker HE, Videbech P, et al.
Impact of pre-admission depression on mortality following myocardial
infarction. Br J Psychiatry. 2017,210:356-61.

Stenman M, Holzmann MJ, Sartipy U. Association between preoperative
depression and long-term survival following coronary artery bypass
surgery - a systematic review and meta-analysis. Int J Cardiol. 2016;222:
462-6.

Dickens C, McGowan L, Percival C, Tomenson B, Cotter L, Heagerty A, et al.
New onset depression following myocardial infarction predicts cardiac
mortality. Psychosom Med. 2008;70:450-5.

de Jonge P, van den Brink RHS, Spijkerman TA, Ormel J. Only incident
depressive episodes after myocardial infarction are associated with new
cardiovascular events. J Am Coll Cardiol. 2006;48:2204-8.

Sever S, Golder S, Doherty P. Factors associated with acute depressive
symptoms in patients with comorbid depression attending cardiac
rehabilitation. BMC Cardiovasc Disord. 2018;18:1-8.

Von EE, Egger M, Altman DG, Pocock SJ, Getzsche PC, Vandenbroucke JP.
Guidelines for reporting observational studies Strengthening the reporting
of observational studies in epidemiology ( STROBE ) statement : guidelines
for reporting observational studies. Br Med J. 2007;335:806-8.

NICE. Chronic heart failure in adults: diagnosis and management. Natl Clin
Guidel Cent. 2018;NG 106. doi:https://doi.org/10.1002/psb.1730.

NICE. Secondary prevention in primary and secondary care for patients
following a myocardial infarction. Natl Clin Guidel Cent. 2013,CG 172.
https.//www.nice.org.uk/guidance/cg172. [Accessed 31 March 2019].

Wang W, Lopez V, Martin CR. Structural ambiguity of the Chinese version of
the hospital anxiety and depression scale in patients with coronary heart
disease. Health Qual Life Outcomes. 2006:4:12-4.

Department for Communities and Local Government. The English Indices of
Deprivation 2015. 2015.

Vitinius F, Escherich S, Deter H-C, Hellmich M, Jinger J, Petrowski K, et al.
Somatic and sociodemographic predictors of depression outcome among
depressed patients with coronary artery disease - a secondary analysis of
the SPIRR-CAD study. BMC Psychiatry. 2019;19:1-9.

Brown TM, Hernandez AF, Bittner V, Cannon CP, Ellrodt G, Liang L, et al.
Predictors of cardiac rehabilitation referral in coronary artery disease
patients. Findings from the American Heart Association’s get with the
guidelines program. J Am Coll Cardiol. 2009;54:515-21.

Suaya JA, Shepard DS, Normand SLT, Ades PA, Prottas J, Stason WB. Use of
cardiac rehabilitation by medicare beneficiaries after myocardial infarction
or coronary bypass surgery. Circulation. 2007;116:1653-62.

Tusek-Bunc K, Petek D. Comorbidities and characteristics of coronary heart
disease patients: their impact on health-related quality of life. Health Qual
Life Outcomes. 2016;14:1-12.

Milani RV, Lavie CJ. Impact of cardiac rehabilitation on depression and its
associated mortality. Am J Med. 2007;120:799-806.

Mourot L, Boussuges A, Maunier S, Chopra S, Riviere F, Debussche X, et al.
Cardiovascular rehabilitation in patients with diabetes. J Cardiopulm Rehabil
Prev. 2010;30:157-64.

Jiménez-Navarro MF, Lopez-Jimenez F, Pérez-Belmonte LM, Lennon RJ, Diaz-
Melean C, Rodriguez-Escudero JP, et al. Benefits of cardiac rehabilitation on


http://www.sign.ac.uk/assets/sign150.pdf
http://www.sign.ac.uk/assets/sign150.pdf
https://www.bhf.org.uk/informationsupport/publications/statistics/national-audit-of-cardiac-rehabilitation-quality-and-outcomes-report-2018
https://www.bhf.org.uk/informationsupport/publications/statistics/national-audit-of-cardiac-rehabilitation-quality-and-outcomes-report-2018
https://www.bhf.org.uk/informationsupport/publications/statistics/national-audit-of-cardiac-rehabilitation-quality-and-outcomes-report-2018
https://doi.org/10.1002/psb.1730
https://www.nice.org.uk/guidance/cg172

Sever et al. BMC Cardiovascular Disorders

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

(2019) 19:256

cardiovascular outcomes in patients with diabetes mellitus after
percutaneous coronary intervention. J Am Heart Assoc. 2017,6:1-8.
Armstrong MJ, Sigal RJ, Arena R, Hauer TL, Austford LD, Aggarwal S, et al.
Cardiac rehabilitation completion is associated with reduced mortality in
patients with diabetes and coronary artery disease. Diabetologia. 2015;58:
691-8.

Sumner J, Grace SL, Doherty P. Predictors of cardiac rehabilitation utilization
in England: results from the national audit. J Am Heart Assoc. 2016;5:1-8.
Lopez-Jimenez F, Warwick K, Mullooly C. Stuart P (Mickey) W, Haas L, Kramer
VC, et al. recommendations for managing patients with diabetes mellitus in
cardiopulmonary rehabilitation. J Cardiopulm Rehabil Prev. 2013;32:101-12.
Banzer JA, Maguire TE, Kennedy CM, O'Malley CJ, Balady GJ. Results of
cardiac rehabilitation in patients with diabetes mellitus. Am J Cardiol. 2004;
93.81-4.

Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular
disease in type 2 diabetes: a systematic literature review of scientific
evidence from across the world in 2007-2017. Cardiovasc Diabetol. 2018;17:
1-19.

Marzolini S, Tang A, Mcllroy W, Oh PI, Brooks D. Outcomes in people after
stroke attending an adapted cardiac rehabilitation exercise program: does
time from stroke make a difference? J Stroke Cerebrovasc Dis. 2014;23:
1648-56.

Man WD-C, Chowdhury F, Taylor RS, Evans RA, Doherty P, Singh SJ, et al.
Building consensus for provision of breathlessness rehabilitation for patients
with chronic obstructive pulmonary disease and chronic heart failure. Chron
Respir Dis. 2016. https://doi.org/10.1177/1479972316642363.

Marzolini S, Candelaria H, Oh P. Prevalence and impact of musculoskeletal
comorbidities in cardiac rehabilitation. J Cardiopulm Rehabil Prev. 2010;30:
391-400.

Lemay KR, Tulloch HE, Pipe AL, Reed JL. Establishing the minimal clinically
important difference for the hospital anxiety and depression scale in patients
with cardiovascular disease. J Cardiopulm Rehabil Prev. 2019;39.E6-11.

Schuch FB, Vancampfort D, Firth J, Rosenbaum S, Ward PB, Silva ES, et al.
Physical activity and incident depression: a meta-analysis of prospective
cohort studies. Am J Psychiatry. 2018;175:631-48.

Fluharty M, Taylor AE, Grabski M, Munafd MR. The association of cigarette
smoking with depression and anxiety: a systematic review. Nicotine Tob
Res. 2017;19:3-13.

Stafford L, Berk M, Jackson HJ. Tobacco smoking predicts depression and
poorer quality of life in heart disease. BMC Cardiovasc Disord. 2013;13.

Ye S, Muntner P, Shimbo D, Judd SE, Richman J, Davidson KW, et al.
Behavioral mechanisms, elevated depressive symptoms, and the risk for
myocardial infarction or death in individuals with coronary heart disease:
the regards (reason for geographic and racial differences in stroke) study. J
Am Coll Cardiol. 2013;61:622-30.

Gravely-Witte S, Stewart DE, Suskin N, Grace SL. The association among
depressive symptoms, smoking status and antidepressant use in cardiac
outpatients. J Behav Med. 2009;32:478-90.

Yan X, Huang S, Huang C, Wu W, Qin Y. Marital status and risk for late life
depression : a meta-analysis of the published literature. J Int Med Res. 2011;
39:1142-54.

Bachmann JM, Huang S, Gupta DK, Lipworth L, Mumma MT, Blot WJ, et al.
Association of neighborhood socioeconomic context with participation in
cardiac rehabilitation. J Am Heart Assoc. 2017,6:1-13.

Stimpson JP, Ju H, Raji M a, Eschbach K. Neighborhood deprivation and
health risk behaviors in NHANES III... Third National Health and Nutrition
Examination Survey. Am J Health Behav. 2007,31:215-22.

Pogosova NV, Saner H, Pedersen SS, Cupples ME, Mc Gee H, Hofer S, et al.
Psychosocial aspects in cardiac rehabilitation: from theory to practice. A
position paper from the cardiac rehabilitation section of the European
Association of Cardiovascular Prevention and Rehabilitation of the European
Society of Cardiology. Kardiologiya. 2015;55:96-108.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1177/1479972316642363

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data collection
	Participants
	Measures
	Hospital anxiety and depression scale
	Total number of comorbidities and comorbidity types
	Other variables

	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Availability of the data materials
	Authors’ contributions
	Funding
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

