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Methods
and results

Conclusion

This study aims to investigate the demographic, clinical, and service-level factors determining change in walking fitness in car-
diac rehabilitation (CR) patients with a history of depression following the CR programme.

The National Audit of Cardiac Rehabilitation clinical data were used to identify 1476 patients with a history of depression who
had their pre- and post-incremental shuttle walk test (ISWT) recorded between 1 January 2016 and 31 January 2020. A mul-
tiple linear regression was conducted to examine the determinants of change in walking fitness (m) following CR. Mean age
was 61 (SD 10.45), and mean ISWT distance at baseline and outcome was 352.06 m (SD 169.48) and 463.43 m (SD 197.65),
respectively. Multivariate analysis revealed that change in walking distance reduced by 1.6 m for each year increase in age at
baseline (P < 0.001). Females and unemployed patients had less improvement in walking fitness (23.1 and 21.5 m, respective-
ly). Having a body mass index (BMI) > 30 was associated with lower improvement (24.2 m, P < 0.001), while physically active
patients had 14.6 m higher change. Higher baseline ISWT quintiles were associated with less improvement, and increased
waiting time to start CR was associated with reduced change in walking fitness following CR.

Older age, female gender, unemployment, higher baseline BMI, longer waiting time, and lower physical activity were associated
with reduced walking fitness improvement in patients with a history of depression. Targeted intervention and prompt access
to CR can optimize outcomes.
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Graphical Abstract

What are the determinants of change in walking fitness in patients with a history of depression

following cardiac rehabilitation (CR)?
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* Older age, female gender, unemployment, higher baseline BMI, longer waiting time,
and lower physical activity were associated with reduced walking fitness improvement

in patients with a history of depression
* Targeted intervention and prompt access to cardiac rehabilitation can optimize
outcomes

Cardiac rehabilitation * Cardiovascular disease * History of depression ¢ Incremental shuttle walk test * Walking fitness

Novelty

¢ This is the first study investigating the determinants of change in walking fitness in patients with a history of depression following CR.
¢ The gender-specific reference values for walking fitness are the first of their kind to consider gender in patients with a history of depression and
are expected to assist clinicians in gaining a better understanding of the variations and anticipations of physical fitness among their patients.

Introduction

It is widely recognized that depression is prevalent in ~20-30% of indi-
viduals diagnosed with cardiovascular disease."? Given that depression
among individuals with cardiac ailments lead to diminished quality of life
and increased rates of morbidity and mortality, these issues impose a
significant burden on both society and the impacted patients.>* A re-
cent consensus statement from the European Society of Cardiology
(ESC) highlights the significance of identifying and treating patients for
depression in conjunction with their cardiac condition, as it is associated
with poor adherence to treatment.®

Cardiac rehabilitation (CR) is a multifaceted approach that aims to
enhance the physical ability, psychosocial health, and quality of life in
individuals with cardiac illness.® One important aspect of CR is the
assessment of physical function, which is often done using various
tests, including the incremental shuttle walk test (ISWT).”® The
ISWT is the most frequently used field test for assessing functional
capacity in CR patients in the UK, and it is easy to conduct, cost

effective, and is generally well tolerated by those being tested."®
This objective test is widely used in clinical settings to determine
the level of physical fitness."" Studies have shown that this type of
test is reliable and has a strong correlation with the cardiopulmonary
exercise test.'*"*

Most of the previous research has primarily focused on measuring
the psychosocial health impacts associated with a sudden cardiac event,
with little attention given to the prior history of depression. A study re-
vealed that nearly 50% of patients diagnosed with depression after ex-
periencing a myocardial infarction (MI) also had comorbid history of
depression.'® Additionally, another study has indicated that individuals
with heart failure (HF) who had a history of depression prior to the car-
diac event were at a higher risk of mortality and had a poorer cardiac
prognosis.’® Furthermore, a meta-analysis demonstrated that cardio-
vascular disease patients with a history of depression, as well as those
who developed depressive symptoms following the cardiac event, faced
an increased risk of mortality and cardiac morbidity."”” However, our

20z Jaquiaoaq 0 uo 1senb Aq 8z61¥9//9G./L/€Z/10M4e/ud(ins/wod dnodlwspeoe)/:Sdjy Wolj papeojumoq



758

S. Sever et al.

previous research has shown that the characteristics of participants as-
sociated with higher levels of depressive symptoms may differ in pa-
tients with a prior history of depression and those with new onset
depressive symptoms following CR."®'? It is important to note that
walking fitness is one of the main outcomes of CR and holds particular
importance since exercise-based CR plays a significant role in reducing
mortality.?’ Therefore, the aim of this study is to examine the sociode-
mographic and clinical determinants of the ISWT performance follow-
ing CR in patients with a prior history of depression. Moreover, we seek
to enhance the understanding of these determinants and their implica-
tions for the assessment of physical function in the UK CR practice. The
findings of this article will provide valuable insights for CR practitioners
and researchers, enabling them to understand the determinants of im-
provement in walking fitness outcome and tailor CR interventions to
meet the specific needs of patients with a prior history of depression.

Methods

This research adhered to Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guideline for its reporting.”! The study
utilized an observational approach to examine how the individual patient
characteristics might impact the changes in physical fitness among patients
who have a history of depression and undergone CR.

Data collection

The aim of the National Audit of Cardiac Rehabilitation (NACR) is to moni-
tor CR programmes across the UK to enhance the standard of service de-
livery and outcomes in CR centres. The patient data were extracted and
analysed at an individual level using NACR data that were routinely col-
lected. The research method used was observational and relied on the
data that were gathered under section 251 of the NHS Act 2006, which al-
lowed for the collection of individual patient data and its submission to the
NHS Digital data storage system. Since NHS Digital has the authorization to
collect patient-identifiable data, which are then de-identified and made ac-
cessible to NACR, it was not mandatory to obtain explicit consent from
each patient. As the research falls under the scope of the 251 exemption,
ethical approval was not required before conducting and submitting this
study. There are 205 CR programmes accessible for NACR in the UK, en-
compassing centres from England, Northern Ireland, and Wales, with 185 of
them having electronic NACR registration for data submission, allowing for
better audit coverage.” Individuals who participate in CR in the UK have
their data recorded, which include demographic information, medication,
risk factors, and treatment. The NACR provides comprehensive reports
that describe its operations in detail.”*?

Participants

The data were extracted and analysed from the NACR for the study time
period from 1 January 2016 to 31 January 2020. The study enrolled patients
who had Ml or HF and had undergone percutaneous coronary intervention
(PCI) or coronary artery bypass graft (CABG) treatment, as recommended
in the clinical guidelines of the National Institute for Health and Care
Excellence (NICE).*** During the study period, the eligible patient popu-
lation for the sample was determined by identifying patients with a prior his-
tory of depression who had valid pre- and post-CR ISWT measures, using
the NACR data set (n = 1476).

Variables and measures
History of depression

The history of depression is documented by referencing the patient’s med-
ical records and reviewing case notes that indicate any previous diagnoses of
depression.

Hospital Anxiety and Depression Scale

Psychosocial well-being, as measured by the Hospital Anxiety and
Depression Scale (HADS) score at baseline assessment, provides insight
into the patient’s current state and levels of anxiety and depression at

the commencement of the programme.”> The HADS, a self-administered
tool, is employed in healthcare settings to evaluate symptoms of anxiety
and depression. It is recommended as a tool to assess the psychosocial well-
being of patients undergoing CR, enabling the development of personalized
CR programmes tailored to their individual requirements.” The HADS is
particularly suitable for use with cardiac patients as it has been proven to
be a reliable and valid tool for assessing both anxiety and depressive
symptoms.”>% At the commencement of CR, patients were categorized
based on a clinical threshold of 8, where a score of <8 indicated low levels
of symptoms and a score of >8 indicated high levels of symptoms. A
systematic review found that the HADS assessment tool consistently
achieved an optimal balance between specificity and sensitivity when using
a cut-off score of 8 for both depression and anxiety (with specificity and
sensitivity scores around 0.80 for both scales).?

Incremental shuttle walk test

The dependent variable of the study is the change in distance covered in
metres during the ISWT test before and after CR as a component of the
assessments. The ISWT is a walking test that is paced externally through
an audio player and has 12 different speed levels, and this test has been veri-
fied as valid and reliable for cardiac and pulmonary rehabilitation
groups.""” During the ISWT, the patient is expected to walk along a
10-m course at a pace set by an external source. The patient may stop
the ISWT if they can no longer keep up with the audio signal or if they
feel too breathless to continue.'""” The results from the ISWT can be pre-
sented as levels, sublevels, or metres. For the purpose of this analysis,
metres was chosen to give the highest level of detail in the data. The variable
was the change in ISWT between the initial assessment of CR and the end
assessment. By using metres as the unit of the test, it also allowed us to pur-
sue reference values using a metric (distance walked in metres) that is more
applicable and useful for both healthcare professionals and patients.

Demographic variables

The variables included in the analysis were selected based on their relevance
in the preliminary analyses or literature evidence. The study utilized patient
demographics such as age (years), gender (male/female), partner status
(single/partnered), employment status (employed or retired/unemployed),
and the English Index of Multiple Deprivation (IMD), which is a metric used
to measure deprivation in England.”® The IMD metric is formulated by
incorporating seven distinct factors: job prospects, health concerns,
economic condition, crime rate, availability of housing and resources,
general living conditions, and educational proficiency and training. A total
of 32844 specific areas are classified and arranged based on their level of
disadvantage, ranging from the most disadvantaged to the least disadvan-
taged.”® The current study utilized the IMD as a dichotomous variable,
with patients categorized as residing in either the most deprived areas or
less deprived areas, as described in previous studies.'®

Other variables

The study also assessed additional risk factors, including body mass index
(BMI), self-reported physical activity (determining adherence to the UK’s
guideline by inquiring about engagement in moderate physical activity total-
ling 150 min weekly),”” and total number of comorbidities. The study also
investigated service-level factors, such as the time from referral to the start
of CR (days) and the duration of core CR (days). These factors were in-
cluded because they are routinelg reported by the NACR as variables
that can impact patient outcomes.”° In addition, as part of the regression
analysis, the baseline results of the ISWT were categorized into five quin-
tiles. This was done to provide readers with a more informative under-
standing of how baseline ISWT levels may impact changes in walking
fitness outcome.

Statistical analysis

The statistical software IBM SPSS version 28 was utilized to analyse the data
(New York, USA). A significance level of P < 0.05 was established for the
statistical analysis and considered statistically significant. To provide a con-
cise overview of the data, percentages, means, and standard deviations were
utilized. The study employed t-tests and Pearson’s correlation to compare
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Table 1 Baseline incremental shuttle walk test distance metres (m) for included variables

Continues baseline characteristics Mean + SD
Baseline ISWT distance (m) 352.0+169.48
Age 60.78 +10.45
Total number of comorbidities 4.54 +2.00
Time from referral to start CR (days) 31.26 + 28.66
Duration of core CR (days) 9249 +41.62

n Pearson’s correlation (PC) P value
1476
1476 -0.28 (PC) <0.001
1476 —-0.20 (PC) <0.001
1379 —0.06 (PC) <0.001
1449 —-0.12 (PC) <0.001

ISWT distance (m)

Categorical patient characteristics Mean + SD
Gender
Male 380.85 +171.19
Female 278.27 + 140.61
Body mass index (BMI)
<30 370.19 £ 176.39
>30 320.66 + 149.02
150 min a week physical activity
No 32552 +£158.71
Yes 392.25 +168.58
Marital status
Single 346.35+174.35
Partnered 355.57 +164.08

Employment status

Employed 434.08 +161.23

Unemployed 313.94+155.93
HADS anxiety score

Low anxiety levels 36224 +167.42

High anxiety levels 340.29 +165.01
HADS depression score

Low depression levels 364.99 +162.99

High depression levels 328.76 +169.39
IMD score

Less deprived 369.59 +174.52

Most deprived 315.14 + 186.41

n (%) Mean difference (MD)

1050 (71.4) 102.58 (MD) <0.001
421 (28.6)
865 (61.7) 49.53 (MD) <0.001
537 (38.3)
729 (55.8) —66.73 (MD) <0.001
578 (44.2)
379 (28.8) -9.21 (MD) 0.365
939 (71.2)
394 (30.3) 120.13 (MD) <0.001
908 (69.7)
567 (44.9) 21.95 (MD) 0.020
696 (55.1)
756 (59.8) 36.22 (MD) <0.001
509 (40.2)
703 (81.0) 54.44 (MD) <0.001
165 (19.0)

HADS, Hospital Anxiety and Depression Scale; SD, standard deviation; IMD, Index of Multiple Deprivation; MD, mean difference; PC, Pearson’s correlation.

groups and examine correlations between variables. To identify the covari-
ates that were associated with change in walking fitness following CR, ex-
pressed as distance walked during assessments, a backward linear
regression model was constructed. The study performed data model
checking to ensure that the model was a good fit by assessing the assump-
tions associated with the regression.

Results

A total of 1476 patients with a history of depression who had completed
pre- and post-ISWT were included in the study (28.6% female). The mean
age for the population was 60.78 (SD 10.45) years. The overall mean dis-
tance of baseline ISWT was 352.06 m (SD 169.48), and for the CR out-
come, this was 463.4 m (SD 197.65). The average distances for ISWT
in metres for the baseline characteristics are presented in Table 1.

Based on the Pearson correlation, there was a statistically significant
negative relationship between age and ISWT [r(1474)=-0.28,
P < 0.001]. There was also a similar relationship for total number of
comorbidities [r(1474) = —0.20], duration of core CR [r(1447)=
—0.12], and wait time from referral to start CR [r(1377) = —0.06,
P < 0.001].

Considering baseline ISWT distance, males walked 102.6 m greater
than females on average (P < 0.001). Being unemployed was associated
with an average 120.1 m reduction in walking distance compared to
being employed (P < 0.001). Patients who are moderately physically ac-
tive for at least 30 min five times a week had on average a statistically
significant 66.7 m greater distance than those who were not achieving
this (P <0.001). Patients with BMI>30 had 49.5m less walking
distance recorded on average compared to patients with BMI < 30
(P < 0.001). Patients living in the most deprived areas had 54.4 m lower
walking distance than patients living in the less deprived areas
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Table2 Incremental shuttle walk test distance metres
(m) at baseline and outcome by gender
Pre-ISWT Post-ISWT Change of
distance (m) distance (m) >70m
Mean + SD Mean + SD n (%)
Male 380.85+171.19 501.22 +201.09 732 (69.7)
Female  278.27 + 140.61 367.51 +152.09 254 (60.3)
Total 352.06 +169.48 463.43 +197.65 986 (67)

(P < 0.001). In addition, patients with high levels of anxiety and depres-
sive symptoms at baseline (HADS > 8) walked lower distances com-
pared to those patients with HADS <8 (P 0.02 and P<0.001,
respectively).

Baseline and outcome ISWT distances investigated by gender are
shown in Table 2. This table demonstrates that males perform better
in ISWT compared to females both at baseline and following CR.
The average change in metres across the whole sample was over
110 m, with males having an extra 30 m change than their female coun-
terparts (males 120.37 vs. females 89.24). Moreover, a higher percent-
age of males reached minimum clinical important difference of >70 m
compared to females at the end of CR.3" Table 3 displays the suggested
reference values for distance covered in the ISWT, split by gender and
distributed among the percentiles for patients with a history of
depression.

A multiple regression was run to investigate the association between
changes in ISWT distance following CR with patient characteristics in
patients with a history of depression. The residuals met the assump-
tions of linearity and others. The multiple regression model was statis-
tically significant and of good fit, and the adjusted R* value was 0.086.
Seven variables were statistically significantly associated with ISWT dis-
tance outcome. Regression coefficients and standard errors are found
in Table 4.

Age was negatively associated with change in ISWT distance, based
on the model, and for each year increase in age, there was a 1.66 m re-
duction in distance walked (P < 0.001). Gender was an influential deter-
minant of walking fitness, and female patients had 23.13 m reduced
improvement in walking distance accounting for other covariates
(P < 0.001). Baseline fitness levels from the ISWT showed that patients
residing in higher fitness quintiles were less likely to improve their walk-
ing fitness following CR. The greatest difference was between the low-
est and highest quintiles with a reduction of 28.52m change
(P=0.003). Having a BMI > 30 and being unemployed were significantly
associated with reduced improvement in ISWT distance with 24.25 and
21.50 m (P < 0.001). Achieving moderate physical activity at baseline
was significantly associated with improved ISWT score of 14.57 m fol-
lowing CR. Statistically non-significant variables such as duration of CR,
IMD, and others were automatically removed from the backward ana-
lysis. Increased waiting time from referral to start of CR was also asso-
ciated with reduced walking fitness outcome accounting for other
covariates (P < 0.001).

Discussion

The study aimed to investigate which patient characteristics determine
the change in walking fitness in patients with a prior history of depres-
sion following CR. The results of our study, based on multivariate ana-
lysis, indicated that BMI, physical activity, gender, age, employment
status, waiting time, and baseline ISWT levels are all significant factors

Table 3 Incremental shuttle walk test distance metres

(m) at baseline in percentiles by gender
Baseline ISWT (m) Male Female Total
Percentile 20 250 160 200
Percentile 40 330 240 290
Median 370 260 340
Percentile 60 420 290 380
Percentile 80 520 390 480

that determine the change in walking fitness of patients with a history
of depression following CR.

Our study found that for each year above the mean age of the study
population (60.78 + 10.45), there is a significant reduction of change in
walking distance of ~1.7 m. The relationship between age and de-
creased walking ability is not a new discovery, and it has been previously
observed in conventional CR patient populations.>*** However, our
study provides a contribution by quantifying the degree of decline in
walking ability with increasing age in patients with a history of
depression.

The gender of the patients emerged as a significant factor influencing
walking fitness. Female patients exhibited a decrease of 23.1 m in the
improvement of walking distance compared to males (P < 0.001).
Previous research indicates that, in comparison to males, females
tend to have lower baseline walking fitness levels.>*3> For instance, fe-
males walked 49.4 m less in one study®* and 42.1 m less in another®
among HF patients, which aligns with the findings of our study.
However, these previous studies only analysed baseline walking assess-
ments and did not investigate changes in walking fitness following CR.

Our study found that in patients with a history of depression, im-
provement in walking distance after CR was significantly associated
with their baseline ISWT levels. Patients with lower quintiles were
found to improve their walking fitness more following CR, whereas
those with higher quintiles were less likely to show improvement.
This finding suggests that patients with poorer baseline fitness levels
tend to experience greater improvements after participating in CR.
This can be attributed to the fact that patients who are already fitter
at the start of CR may have less scope for improvement and may
therefore benefit relatively less compared to those with lower base-
line fitness levels. However, it is important to note that this statement
does not imply that patients with higher baseline fitness levels should
not participate in CR. In fact, all patients with a history of depression
should be encouraged to participate in CR, regardless of their baseline
fitness level, as CR has been shown to have numerous physical and
psychological benefits.”®2° Additionally, even if patients with higher
baseline fitness levels do not see as much improvement in their walk-
ing fitness following CR, they may still experience other benefits such
as improved cardiovascular health and reduced risk of future cardiac
events.”8%0

The study indicates that there is a significant negative association be-
tween BMI and the change in walking distance in patients with a history
of depression. Despite patients with a higher BMI (>30) having poorer
baseline performance, it could be expected that they would have great-
er potential for improvement. However, the study results demonstrate
that a BMI above 30 is associated with a 24.2 m reduction in the im-
provement of walking distance after CR. Previous research has shown
that patients with obesity may have a decreased adherence to CR.* It is
plausible that patients with a higher BMI may require a more extended
exercise programme or an additional intervention to decrease their
BMI before experiencing a significant improvement in walking ability.
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Table 4 Multiple regression findings for change in
incremental shuttle walk test metres (m) following
cardiac rehabilitation by patient characteristics

Variable B (95% CI) SE Significance
Age —1.66 (—2.23, -1.09) 0.29 <0.001
Gender (female) —23.13 (-35.20, —-11.06) 6.15 <0.001
150 min a week 14.57 (3.97, 25.17) 5.40 0.007
physical activity
(ves)
BMI (>30) —24.25(-35.18, -1332) 5.57 <0.001
Employment —21.50 (—34.29, -872) 652 <0.001
(unemployed)
Time fromreferralto  —0.31 (-0.49, —0.13) 0.09 <0.001
start CR (days)
Baseline ISWT quintiles (reference: first quintile)
Second quintile —18.09 (—34.58, —1.60) 840 0.032
Third quintile —20.57 (=37.35, -3.78) 855 0.016
Fourth quintile —25.36 (—42.67, —8.04) 882 0.004
Fifth quintile —28.53 (—47.14, -9.93) 948 0.003

R=0.307. R*=0.094. Adjusted R* = 0.086.
B, regression coefficient; SE, standard error; Cl, confidence interval; BMI, body mass
index; ISWT, incremental shuttle walk test.

The study revealed that achieving moderate physical activity at the
start of CR was significantly associated with a 14.6 m improvement in
walking distance following CR. This suggests that patients who engage
in moderate physical activity at the start of CR may have a better chance
of improving their walking fitness after the programme. This finding is
consistent with a previous study conducted in patients with HF, which
examined the determinants of walking fitness at the start of CR.>* The
study included 2047 patients with HF, with an average age of 64.43 (SD
12.39) and 27% females.>* However, our study specifically aimed to in-
vestigate the factors that influence changes in walking distance after CR
in patients with a history of depression, placing particular emphasis on
the programme’s outcome. Our findings underscore the significance of
promoting physical activity among patients with a history of depression
before and during CR, as this can optimize the programme’s benefits in
enhancing walking fitness. In addition, being unemployed was signifi-
cantly associated with reduced improvement in walking fitness in
patients with a history of depression. This suggests that being un-
employed may have negative impacts on an individual’s physical health
and fitness, potentially due to factors such as decreased access to re-
sources and opportunities for exercise or changes in daily routines
and habits.*’

The waiting time between referral and the start of a CR programme
was found to be linked with a decrease in walking fitness outcome, after
adjusting for other covariates. The present recommendations of guide-
lines and literature in the field of cardiac care advocate for the timely
initiation of CR when it is deemed suitable.”#3#* Commencing CR
early has been shown to lead to positive outcomes, such as improved
cardiorespiratory measures, enhanced quality of life,*** and improved
cardiac func‘cioning.43 Reducing wait times and promoting early enrol-
ment are critical to optimizing patient outcomes, especially in improving
walking fitness, particularly for patients with a history of depression, as
revealed by the presented study.

The influence of gender on the reference values for walking fitness
was also investigated (Table 3). These reference values are the first of
their kind to consider gender in patients with a history of depression

and are expected to assist clinicians in gaining a better understanding
of the variations and anticipations of physical fitness among their pa-
tients. This new information may contribute to the continuous evalu-
ation of their walking fitness.

Limitations

As far as the authors are aware, this is the first multicentre analysis that
has examined the factors that determine changes in walking fitness in
patients with a history of depression, using routinely collected patient
data from the UK. The study’s sample was nationally representative
of patients in the UK who had a history of depression. However, as
the ISWT is recording by clinicians routinely less well than other assess-
ment components, it is important to be aware that not all patients with
history of depression are represented in that analysis. Although 2927
patients with a history of depression underwent baseline ISWT assess-
ments, only 50.4% of them (1476) also had post-ISWT recordings.
Nevertheless, their characteristics were similar (mean age 60.01 +
10.70 and 60.78 + 10.45; female 30.5 and 28.6%, respectively). It is
worth noting that thorough recording of ISWT assessments for each
patient remains essential.

Another important limitation to acknowledge is that observational
studies cannot establish causal relationships, only associations, and as
such, significant factors are only determinants and not causes of the dif-
fering changes in ISWT. The analysis was unable to account for the use
of antidepressant medication or sleep quality as these data were not re-
corded in the NACR data set. Lastly, although a statistically significant
difference was observed in our analyses, the results should be inter-
preted with caution as they may not necessarily indicate clinical signifi-
cance. Nevertheless, the results are still important as they highlight the
determinants of change in physical fitness within a specific population,
which is a novel contribution to the literature.

Conclusions

The study is the first to conclude that patients with a history of depres-
sion do show improvements in walking fitness following CR, but the
scale of improvement is determined by BMI, physical activity status, gen-
der, age, employment, waiting time, and baseline ISWT fitness levels.
The findings could help clinicians better understand the achievable le-
vels of fitness in these patients, and the study also created a new set
of reference values by gender to assist clinicians and patients in inter-
preting walking fitness.

Acknowledgements

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

Funding

None declared.

Author contributions

S.S.,P.D.,and A H. contributed to the conceptualization or design of the
work; contributed to the acquisition, analysis, or interpretation of data
for the work; and drafted and critically revised the manuscript. All
authors gave final approval to be accountable for all aspects of the
work, ensuring accuracy and integrity. All authors take responsibility
for all aspects of the reliability and freedom from bias of the data pre-
sented and their discussed interpretation.

Conflict of interest: none declared.

$20Z Jaquieoa( 0 uo 1senb Aq 8zZ61+9/2/952/2/SZ/2111e/uslingjwoo dnooiwepeose//:sdiy wWoll papeojumod



762

S. Sever et al.

Data availability

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

References

1

. Pogosova N, Kotseva K, De Bacquer D, Von Kénel R, De Smedt D, Bruthans }, et al.

Psychosocial risk factors in relation to other cardiovascular risk factors in coronary
heart disease: results from the EUROASPIRE IV survey. A registry from the
European Society of Cardiology. Eur | Prev Cardiol 2017;24:1371-1380.

. Pogosova N, Saner H, Pedersen SS, Cupples ME, McGee 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. Eur | Prev
Cardiol 2015;22:1290-1306.

. Levine GN, Cohen BE, Commodore-Mensah Y, Fleury ], Huffman JC, Khalid U, et al.

Psychological health, well-being, and the mind-heart-body connection a scientific state-
ment from the American Heart Association. Circulation 2021;143:E763-E783.

. Szpakowski N, Qiu F, Masih S, Kurdyak P, Wijeysundera HC. Economic impact of sub-

sequent depression in patients with a new diagnosis of stable angina: a population-based
study. | Am Heart Assoc 2017;6:e006911.

. Pedretti RFE, Hansen D, Ambrosetti M, Back M, Berger T, Ferreira MC, et al. How to

optimize the adherence to a guideline-directed medical therapy in the secondary pre-
vention of cardiovascular diseases: a clinical consensus statement from the European
Association of Preventive Cardiology. Eur | Prev Cardiol 2023;30:149-166.

. Taylor RS, Dalal HM, McDonagh ST]. The role of cardiac rehabilitation in improving car-

diovascular outcomes. Nat Rev Cardiol 2022;19:180-194.

. BACPR. The BACPR Standards and Core Components for Cardiovascular Disease Prevention

and Rehabilitation; 2023.

. Ambrosetti M, Abreu A, Corra U, Davos CH, Hansen D, Frederix |, et al. Secondary

prevention through comprehensive cardiovascular rehabilitation: from knowledge to
implementation. 2020 update. A position paper from the Secondary Prevention and
Rehabilitation Section of the European Association of Preventive Cardiology. Eur |
Prev Cardiol 2021;28:460-495.

. NACR. National Audit of Cardiac Rehabilitation Quality and Outcomes Report; 2022.

http://www.cardiacrehabilitation.org.uk/docs/NACR%20Quality%20and%200utcomes
%20Report%202023%20Final.pdf.

. Mandic S, Walker R, Stevens E, Nye ER, Body D, Barclay L, et al. Estimating exercise cap-

acity from walking tests in elderly individuals with stable coronary artery disease. Disabil
Rehabil 2013;35:1853-1858.

. Lelis JDA, Chaves G, Ghisi GLDM, Grace SL, Britto RR. Validity of the incremental shut-

tle walk test to assess exercise safety when initiating cardiac rehabilitation in low-
resource settings. | Cardiopulm Rehabil Prev 2019;39:E1-E7.

. Lim HJ, Jee §J, Lee MM. Comparison of incremental shuttle walking test, 6-minute walk-

ing test, and cardiopulmonary exercise stress test in patients with myocardial infarction.
Med Sci Monit 2022;28:938140.

. Chae G, Ko EJ, Lee SW, Kim H], Kwak SG, Park D, et al. Stronger correlation of peak oxy-

gen uptake with distance of incremental shuttle walk test than 6-min walk test in patients
with COPD: a systematic review and meta-analysis. BMC Pulm Med 2022;22:102.

. Pepera G, McAllister J, Sandercock G. Long-term reliability of the incremental shuttle

walking test in clinically stable cardiovascular disease patients. Physiotherapy 2010;96:
222-227.

. Spijkerman T, De Jonge P, Van Den Brink RHS, Jansen JHC, May JF, Crijns HJGM, et al.

Depression following myocardial infarction: first-ever versus ongoing and recurrent epi-
sodes. Gen Hosp Psychiatry 2005;27:411-417.

. Albert NM, Fonarow GC, Abraham WT, Gheorghiade M, Greenberg BH, NunezE, et al.

Depression and clinical outcomes in heart failure: an OPTIMIZE-HF analysis. Ame | Med
2009;122:366-373.

. Leung YW, Flora DB, Gravely S, Irvine |, Carney RM, Grace SL. The impact of premorbid

and postmorbid depression onset on mortality and cardiac morbidity among patients
with coronary heart disease: meta-analysis. Psychosom Med 2012;74:786-801.

. Sever S, Doherty P, Golder S, Harrison AS. Is improvement in depression in patients

attending cardiac rehabilitation with new-onset depressive symptoms determined by
patient characteristics? Open Heart 2020;7:e001264.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

37.

38.

39.

40.

41.

42.

43.

Sever S, Harrison AS, Golder S, Doherty P. Determinants of depression in patients with
comorbid depression following cardiac rehabilitation. Open Heart 2019;6:¢000973.
Dibben G, Faulkner J, Oldridge N, Rees K, Thompson DR, Zwisler AD, et al.
Exercise-based cardiac rehabilitation for coronary heart disease. Cochrane Database
Syst Rev 2021;11:CD001800.

Von Elm E, Egger M, Altman DG, Pocock S, Getzsche PC, Vandenbroucke JP.
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) state-
ment: guidelines for reporting observational studies. Br Med | 2007;335:806—808.
NACR. The National Audit of Cardiac Rehabilitation: Quality and Outcomes report 2020.
London: BHF; 2020. https://www.bhf.org.uk/informationsupport/publications/statistics/
national-audit-of-cardiac-rehabilitation-quality-and-outcomes-report-2020.

NICE. Chronic Heart Failure in Adults: Diagnosis and Management. London: National
Clinical Guideline Centre; 2018. https://www.nice.org.uk/guidance/ng106.

NICE. Secondary Prevention in Primary and Secondary Care for Patients Following a
Myocardial Infarction. London: National Clinical Guideline Centre; 2013. https://www.
nice.org.uk/guidance/cg172.

Zigmond AS, Snaith RP. The Hospital Anxiety and Depression Scale. Acta Psychiatr Scand
1983,67:361-370.

Bjelland |, Dahl AA, Haug T, Neckelmann D. The validity of the Hospital Anxiety and
Depression Scale. | Psychosom Res 2002;52:69-77.

Fowler §J, Singh SJ, Revill S. Reproducibility and validity of the incremental shuttle walk-
ing test in patients following coronary artery bypass surgery. Physiotherapy 2005;91:
22-27.

Department for Communities and Local Government. The English Indices of Deprivation
2015. London: DCLG,; 2015.

DHSC. UK Chief Medical Officers’ Physical Activity Guidelines. London: Department of
Health and Social Care; 2019.

Sumner |, Béhnke JR, Doherty P. Does service timing matter for psychological out-
comes in cardiac rehabilitation? Insights from the national audit of cardiac rehabilitation.
Eur | Prev Cardiol 2018;25:19-28.

Houchen-Wolloff L, Boyce S, Singh S. The minimum clinically important improvement in
the incremental shuttle walk test following cardiac rehabilitation. Eur | Prev Cardiol 2015;
22:972-978.

Cardoso FMF, Aimodhy M, Pepera G, Stasinopoulos DM, Sandercock GRH. Reference
values for the incremental shuttle walk test in patients with cardiovascular disease en-
tering exercise-based cardiac rehabilitation. | Sports Sci 2017;35:1-6.

Alotaibi JF, Doherty P. Evaluation of determinants of walking fitness in patients attending
cardiac rehabilitation. BMJ Open Sport Exerc Med. 2017;2:e000203.

Minotto M, Harrison AS, Grazzi G, Myers ], Doherty P. What factors are associated with
patients walking fitness when starting cardiac rehabilitation? Int | Cardiol Heart Vasc 2019;
22:26-30.

Doherty P, Harrison AS, Hossain R. Determinants of walking fitness in patients with
heart failure attending cardiac rehabilitation. Open Heart 2019;6:€000866.

. Forhan M, Zagorski BM, Marzonlini S, Oh P, Alter DA. Predicting exercise adherence for

patients with obesity and diabetes referred to a cardiac rehabilitation and secondary
prevention program. Can | Diabetes 2013;37:189-194.

Kreuzfeld S, Preuss M, Weippert M, Stoll R. Health effects and acceptance of a physical
activity program for older long-term unemployed workers. Int Arch Occup Environ
Health 2013;86:99-105.

Cowie A, Buckley ], Doherty P, Furze G, Hayward J, Hinton S, et al. Standards and core
components for cardiovascular disease prevention and rehabilitation. Heart 2019;105:
510-515.

Pack QR, Dudycha K], Roschen KP, Thomas R, Squires RW. Safety of early enrollment
into outpatient cardiac rehabilitation after open heart surgery. Am | Cardiol 2015;115:
548-552.

Johnson DA, Sacrinty MT, Gomadam PS, Mehta H], Brady MM, Douglas CJ, et al. Effect
of early enrollment on outcomes in cardiac rehabilitation. Am | Cardiol 2014;114:
1908-1911.

Xue W, Xinlan Z, Xiaoyan Z. Effectiveness of early cardiac rehabilitation in patients with
heart valve surgery: a randomized, controlled trial. | Int Med Res 2022;50:
3000605211044320.

Eder B, Hofmann P, von Duvillard SP, Brandt D, Schmid JP, Pokan R, et al. Early 4-week
cardiac rehabilitation exercise training in elderly patients after heart surgery.
J Cardiopulm Rehabil Prev 2010; 30:85-92.

Giallauria F, Acampa WV, Ricci F, Vitelli A, Maresca L, Mancini M, et al. Effects of exercise
training started within 2 weeks after acute myocardial infarction on myocardial perfu-
sion and left ventricular function: a gated SPECT imaging study. Eur | Prev Cardiol
2012;19:1410-1419.

$20Z Jaquieoa( 0 uo 1senb Aq 8zZ61+9/2/952/2/SZ/2111e/uslingjwoo dnooiwepeose//:sdiy wWoll papeojumod


http://www.cardiacrehabilitation.org.uk/docs/NACR%20Quality%20and%20Outcomes%20Report%202023%20Final.pdf
http://www.cardiacrehabilitation.org.uk/docs/NACR%20Quality%20and%20Outcomes%20Report%202023%20Final.pdf
https://www.bhf.org.uk/informationsupport/publications/statistics/national-audit-of-cardiac-rehabilitation-quality-and-outcomes-report-2020
https://www.bhf.org.uk/informationsupport/publications/statistics/national-audit-of-cardiac-rehabilitation-quality-and-outcomes-report-2020
https://www.nice.org.uk/guidance/ng106
https://www.nice.org.uk/guidance/cg172
https://www.nice.org.uk/guidance/cg172

	What are the determinants of change in walking fitness in patients with a history of depression following cardiac rehabilitation?
	Introduction
	Methods
	Data collection
	Participants
	Variables and measures
	History of depression
	Hospital Anxiety and Depression Scale
	Incremental shuttle walk test
	Demographic variables
	Other variables

	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Acknowledgements
	Funding
	Author contributions
	Data availability
	References


