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ABSTRACT
Objective To conduct a systematic review and meta- 
analysis to quantify habitual physical activity (PA) levels 
of patients with heart failure (HF) and assess the quality 
of reporting of device- assessed PA.
Methods Eight electronic databases were searched up 
to 17 November 2021. Data on the study and population 
characteristics, method of PA measurement and PA 
metrics were extracted. A random- effects meta- analysis 
(restricted maximum likelihood with Knapp- Hartung SE 
adjustment) was conducted.
Results Seventy- five studies were included in the 
review (n=7775 patients with HF). Meta- analysis was 
restricted to mean steps per day, encompassing 27 
studies (n=1720 patients with HF). Pooled mean steps 
per day were 5040 (95% CI: 4272 to 5807). The 95% 
prediction interval for mean steps per day in a future 
study was 1262 to 8817. Meta- regression at the study 
level revealed that a 10- year increment in the mean age 
of patients was associated with 1121 fewer steps per 
day (95% CI: 258 to 1984).
Conclusions Patients with HF are a low- active 
population. These findings have implications for the 
way in which PA is targeted in patients with HF, and 
interventions should focus on addressing the age- related 
decline observed as well as increasing PA to improve HF 
symptoms and quality of life.
PROSPERO registration number CRD42020167786.

INTRODUCTION
Heart failure (HF) is a complex clinical 
syndrome, caused by structural cardiac abnor-
malities resulting in impaired cardiac function.1 
Common symptoms include breathlessness and 
fatigue. It is estimated that 64 million people are 
living with HF worldwide.2 Within the UK, the 
prevalence of HF is 654 521.3

The prognosis of HF is poor with survival 
rates of 75.9%, 45.5% and 24.5% at 1, 5 and 
10 years, respectively.4 Patients experience 
repeated hospitalisations, particularly during 30 
days from discharge.5 To reduce healthcare costs 
and improve patient outcomes, tailored treat-
ment approaches are required.6

Cardiac rehabilitation (CR) elicits improve-
ments in physical activity (PA) levels.7 Prior 
to the COVID- 19 pandemic, the number of 
patients offered CR in the UK was suboptimal 
(<15%) despite its demonstrated efficacy for 
reducing mortality and hospitalisations,8 and of 
those referred <10% attended.9 Increasing PA 

in combination with standard pharmaceutical 
treatment has been shown to elicit beneficial 
outcomes in patients with HF, reducing all- cause 
and cardiovascular- related mortality.10

The American College of Cardiology, the 
American Heart Association1 and secondary 
prevention guidelines support the usage of PA as 
part of CR for patients with HF, with guidelines 
similar to those for the general population11 and 
those with chronic health conditions.12

Critically, an understanding of the habitual PA 
levels of patients with HF will help to inform 
the development of interventions to promote 
PA, enabling clinicians to engage patients in 
self- management of HF using PA.12 Our primary 
aim was to conduct a systematic review and 
meta- analysis to quantify habitual PA levels of 
patients with HF. A secondary aim was to assess 
the quality of reporting of PA measurement in 
device- based studies examining PA levels of 
patients with HF.

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Increasing physical activity levels has 
demonstrated to be effective for improving 
heart failure (HF) symptoms, functional capacity 
and quality of life. International guidelines 
recommend that people with HF increase 
physical activity to a level that is recommended 
for the general population; however, baseline 
levels of physical activity are poorly understood 
in this population.

WHAT THIS STUDY ADDS
 ⇒ This is the first systematic review that quantifies 
the habitual physical activity levels of patients 
with HF, confirming a population that is low 
active. Additionally, an age- related decline in 
physical activity was observed.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This research has implications for intervention 
development and delivery as part of routine 
clinical practice. Specifically highlighting the 
importance of targeting an increase in physical 
activity, but also targeting the age- related 
decline.
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METHODS
This systematic review was conducted in accordance with a 
published protocol13 and adhered to the Preferred Reporting 
Items for Systematic Reviews and Meta- Analysis (PRISMA) 
guidelines.14 The review team included male and female 
members, including three professors, one cardiologist consul-
tant, a PhD student (lead author), a medical librarian and two 
mid- career researchers.

Search strategy
Eight bibliographic databases (CDSR, CINAHL, CENTRAL, 
Embase, MEDLINE, PsycINFO, Scopus and Web of Science) 
were searched (up to 17 November 2021) by a Medical Research 
Librarian (LE) using a structured search strategy including a 
combination of Medical Subject Headings and keywords (online 
supplemental file 1). Search results were restricted to English 
language and human studies. Hand searching of end reference 
lists and citation searches of included studies (using Endnote X9) 
were also conducted to identify relevant studies that were poten-
tially missed by the database search.

Eligibility criteria
Inclusion criteria
Included articles were any primary quantitative research studies 
that reported data on PA levels of adults (≥18 years old, commu-
nity dwelling or residents in supported care environments (eg, 
retirement complex or nursing care homes that provide assisted 
living)) with a confirmed diagnosis of HF defined by the New 
York Heart Association (NYHA) classification and/or physi-
cian diagnosed via left ventricular ejection fraction (LVEF) 
through echocardiogram imaging. Studies using self- reported 
(questionnaire- based) and/or device- based methods of PA assess-
ment were eligible for inclusion. The inclusion criteria for 
device- based studies were a minimum wear time of ≥10 hours 
per day15 for ≥4 consecutive days.16 17 Criteria for questionnaire- 
based studies included those that focused solely on PA amount 
(eg, minutes) and intensity (eg, moderate- vigorous PA (MVPA)). 
Multiarm trials that involved adults with other health conditions 
(eg, chronic obstructive pulmonary disease), left ventricular 
assist devices and coronary artery bypass graft were included 
providing one arm consisted of patients with HF with baseline 
PA data as defined above.

Study selection
Two reviewers (CJ and SJC) independently screened 20% of 
titles and abstracts of articles retrieved by the search (stage one). 
Intercoder agreement between reviewers was assessed using 
Kappa (ĸ), whereby the threshold of ≥0.80 was set.18 If the 
agreement threshold was met, the first author (CJ) continued to 
screen the remaining 80% of articles retrieved. If ≥0.80 agree-
ment was not achieved, the same two reviewers independently 
screened a further 20% of titles and abstracts and repeated this 
process until a level of ≥0.80 agreement was achieved. Full- text 
articles of studies retained at stage one were obtained for further 
scrutiny (stage two). The same two reviewers independently 
assessed 20% of full- text articles using a study selection form 
(online supplemental file 2).

Data extraction
The following data were extracted from included studies using 
a standardised data extraction form (online supplemental file 
3): study characteristics, population characteristics, device wear 
time and calibration for data processing, and PA outcomes. 

Where studies referred to supplementary data files or previ-
ously published papers (ie, study protocols), they were retrieved 
and relevant data were extracted. The data extraction form 
was piloted with two studies. One reviewer (CJ) extracted data 
from 100% of full- text studies, two reviewers (SJC and DH) 
each extracted data from 20% of full- text studies and data 
extraction was checked and discussed to ensure accuracy. In situ-
ations where studies reported SD for steps per day, those were 
converted to mean with an SE using the formulae recommended 
by the Cochrane Collaboration Handbook.19 Similarly, where 
studies had multiple HF groups, the groups were combined (ie, 
group one combined with group two) using the formulae recom-
mended by Cochrane Collaboration Handbook (Section 7.7.3.8) 
to create a single baseline PA outcome or single study- level char-
acteristic (eg, age).

Quality of reporting
The habitual level of PA at baseline was the primary outcome 
in this review, and this was not influenced by the study design. 
A checklist was developed to assess the quality of device- based 
reporting of PA (online supplemental file 4). An expert in PA 
measurement (AMB) and two health psychologists (LA and DF) 
with expertise in developing and evaluating PA interventions 
(and informed by the work of Montoye and colleagues20) devel-
oped a 13- item checklist to establish the quality of reporting 
across a range of devices for device- based measurement of 
PA: device details, wear time, device calibration and outcomes 
(online supplemental file 4). For each item, a yes=1 point/no=0 
point was applied, with a total score ranging from 0 to 13.

Synthesis of results
Descriptive details of study characteristics including year of 
publication, study design, PA measurement type and metrics 
used are presented in a narrative format. Descriptive statistics for 
specific population characteristics are presented as mean and SD.

Meta-analysis
Extracted summary data (mean daily steps and SE) were meta- 
analysed using Stata software.21 For studies that reported median 
and IQR only, we assumed that the authors reported these 
measures of central tendency and variability due to their PA data 
being substantially right- skewed. Therefore, we converted the 
median and IQR to mean and SD assuming a log- normal distri-
bution.22 In one instance in Guder et al,23 this process resulted 
in an estimated mean smaller than the stated median. There-
fore, for this study, we assumed a normal distribution, with the 
mean equal to the median and the SD approximated using the 
formula IQR/1.35 (Cochrane Collaboration Handbook Section 
6.5.2.5).24

We conducted a random- effects meta- analysis using 
restricted maximum likelihood and Knapp- Hartung- Sidik- 
Jonkman adjustment of SE to calculate the weighted pooled 
mean effect with a corresponding 95% CI. This pooled mean 
is an estimate of the centre of the distribution of true effects, 
assuming heterogeneity of effect size. Heterogeneity was quan-
tified using the tau statistic—an SD reflecting the typical vari-
ability in effect size (mean daily steps) between studies. Using 
the between- study variance and the SE for the mean effect, we 
derived a 95% prediction interval.25 This interval provides a 
plausible range of effect sizes, compatible with the data and 
model, for a future study conducted in similar (exchangeable) 
settings. Using the SE of the prediction interval, we derived 
the probability25 that the mean steps per day in a new study 
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would exceed the threshold of 7000 associated with meeting 
the minimum recommended amount of MVPA for healthy 
older adults.26 An approximate CI for this probability was esti-
mated by first calculating the 95% CI for tau- squared using 
the Q- profile method27 and using these values to derive the 
SE of the prediction interval. No other meta- analyses were 
performed due to the inconsistencies in the data reported (ie, 
other metrics were unsuitable for meta- analysis).

Meta- regression was conducted to explore heterogeneity using 
three study- level covariates: mean age, proportion of men and 
whether steps were measured using a pedometer or other device 
(binary variable). A simple linear model was used. There were 
insufficient data to properly explore non- linearity. Small study 
effects and outlying studies were investigated by plotting the 
residuals from the meta- analysis against the SE for each study, 
with bias manifesting as non- uniformly distributed residuals for 
studies with large SEs. In a sensitivity analysis, any such studies 
were removed, and the meta- analysis was repeated.

RESULTS
The database search generated 15 606 records. Title and abstract 
and full- text screening led to 100% agreement following discus-
sions. Seventy- five studies were included in the review (see 
figure 1 for PRISMA diagram). For a full reference list, see 
online supplemental file 5.

Study characteristics
Study characteristics for the 75 included studies are reported 
in online supplemental file 6. Of the 75 included studies, the 
year of publication ranged from 1991 to 2021, with the majority 
(n=64, 85%) published between 2010 and 2021. Nineteen 
studies were randomised controlled trials, twenty- two were 
cross- sectional studies, twenty- two were observational studies, 
six were case–control studies, three were pilot/feasibility studies 
and three were quasi- experimental studies.

Nine studies used self- report (questionnaire- based) methods 
of PA measurement. Four studies used self- report and device- 
based measures of PA, and three studies used the doubly labelled 
water technique. The remaining 59 studies used various devices 
to assess PA (online supplemental file 7).

Population characteristics
A total of 7775 patients with HF were included across 75 studies. 
The mean age across 74 studies was 65.6±8.4 years; one study 
did not report age. Sex was reported in 72 studies; the recruit-
ment rate of men was higher than women in 64 studies. Across 
72 studies the numbers of men and women were 5531 (71%) 
and 2139 (28%), respectively. Time since diagnosis was reported 
in 11 studies, with a mean time of 59.4±38.6 months (4.9±3.2 
years) and a range of 3 to 120 months.

LVEF was reported in 51 studies, with a mean HF with reduced 
ejection fraction (HFrEF), HF with preserved ejection fraction 

Figure 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta- analyses) flow diagram. PRSIMA flow diagram displaying records 
identified from the database search and the number of records screened at title and abstract that were subsequently retrieved for full- text screening. 
Retrieved studies were assessed for eligibility, in addition to five records identified from citation searching. A total of 74 studies were included. CVD, 
cardiovascular disease; HF, heart failure; PA, physical activity.
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(HFpEF) and HF with midrange ejection fraction (HFmrEF) 
of 30.2±5.0%; mean, 58.2±5.5% and 45.6±3.1%, respec-
tively. Of the 51 studies that reported LVEF, HFrEF was diag-
nosed across 41 studies, with the remaining 10 studies reporting 
HFpEF (n=5) or HFmrEF (n=5). The NYHA classification was 
reported in 59 studies. The proportion of patients in NYHA 
class II (n=3410, 49%) was higher than the other NYHA func-
tional classes: NYHA class I (n=1144, 17%), class III (n=2133, 
31%) and class IV (n=220, 3%). Data for individual population 
characteristics and study characteristics are presented in online 
supplemental file 6.

Quality of reporting
Of the 75 included studies, 63 reported PA using device- based 
measures and 3 of those studies used more than one device. 
Therefore, 66 devices were assessed using the quality of reporting 
checklist (online supplemental file 8).

‘Domain 1: Device details’—all studies reported details of all 
devices used (n=66). Authors provided sufficient information to 
indicate that researchers had received training for PA measure-
ment (n=51), and device placement was reported by 53 studies. 
The most common placement was the hip/waist.

‘Domain 2: Device wear time’—the wear time (hours) 
commonly used was continuously/24 hours (n=26) or waking 
hours (n=14), and the wear time (days) commonly used 
was 7 days (n=32). Despite all included studies requesting a 
minimum/target wear time, only 15 studies reported on valid 
hours and 16 studies reported on valid days (n=14, 21% and 
n=16, 24%, respectively) that would constitute an evidence- 
based valid wear time for obtaining sufficient PA data represen-
tative of a week. The most common valid days and hours were 
≥4 days and ≥10 hours. Fewer than half of the studies reported 
actual device wear time (n=26). This ranged from 5 days to 14 
days and 12.7 to 16.2 hours per day. Implantable cardiac devices 
(ICDs) measure activity continuously and have 100% wear time. 
Eight studies used ICDs, and the range in duration of collection 
time was 7 days to 1 year.

‘Domain 3: Device calibration’—threshold cut- points to 
detect intensities of PA were reported in 20 studies (30%). 
Epoch length to detect accelerometer signalling was reported in 
26 studies and ranged from 1 s to 15- min epochs; 60 s were used 
most frequently (n=10, 15%).

‘Domain 4: Outcomes’—all 63 studies reported on PA metrics 
and PA outcomes for each device.

PA metrics and outcomes
All 75 studies reported PA outcomes and metrics and the number 
of metrics used by self- report and/or device- based studies (see 
online supplemental file 9). Online supplemental file 10 provides 
details of PA metrics for individual studies.

Meta-analysis
Two studies were excluded from the step data meta- analysis (see 
online supplemental file 11). One study reported the median daily 
steps with no measure of variability, and the other study reported 
the median and the range, with no SD or IQR. Therefore, 27 
studies were included in the meta- analysis (n=1720 patients 
with HF). The mean age across these 27 studies was 64.2±8.3 
years old, and the majority of participants were men (n=1274, 
74%). For individual population and study characteristics of the 
27 meta- analysed studies, refer to online supplemental file 11. 
The analysis revealed a pooled mean of 5040 steps per day (95% 
CI: 4272 to 5807, p<0.0001). Between- study variability (tau) 
was ±1796 steps per day (figure 2).

Prediction interval
The 95% prediction interval for the mean steps per day in a 
future study conducted in similar settings was 1262 to 8817. 
The prediction interval gives a plausible range of values for the 
true effect (mean steps per day) in a future study similar to those 
included in the meta- analysis. The probability that the mean 
steps per day in a future study would exceed the threshold of 
7000 associated with meeting minimum recommended amounts 
of MVPA was 0.14 (95% CI: 0.09 to 0.23) (unlikely).

Exploration of small study effects and outlying studies revealed 
one moderate outlier.28 Repeating the meta- analysis with this 
study removed made no material difference to the findings, with 
a pooled mean effect of 4916 (95% CI: 4201 to 5630) steps per 
day and a between- study variability (tau) of 1698 steps per day.

Meta-regression
Meta- regression by study- level covariates of age (range 46–79 
years), sex (proportion male) and device type (pedometer vs 
other) revealed that only age accounted for a substantial propor-
tion (29%) of the between- study variability in mean steps per 

Figure 2 Forest plot illustrating mean steps per day in 27 studies. The 
midpoint of the diamond represents the overall pooled weighted mean 
steps per day (5040) with the end points of the diamond depicting the 
95% CI. The solid horizontal line through the diamond represents the 
95% prediction interval. REML, restricted maximum likelihood.
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day. A 10- year increment in the mean age of patients was asso-
ciated with 1121 fewer steps per day (95% CI: 258 to 1984; 
p=0.013).

DISCUSSION
This is the first systematic review and meta- analysis to quantify 
habitual PA of patients with HF, indicating that they are repre-
sentative of a low- active population. Quantifying habitual PA 
helps to inform PA recommendations for this specific clinical 
population.

Furthermore, the prediction interval for a new study conducted 
in similar contexts reveals that it is unlikely that the average steps 
per day would meet the minimum recommended level for older 
adults.26 A previous review of steps per day in populations living 
with chronic disease and disability26 reported high variability 
ranging from 1214 to 8008 steps per day. This simple range is 
consistent with the prediction interval reported in our analysis.

Steps per day is a useful indicator of daily PA levels, as well as 
a feasible metric to assess the prognosis of patients with HF, with 
≤4889 steps/day indicative of poor prognosis.29 With reference 
to the graduated step index,26 more than half (56%) of studies 
included reported mean steps per day that would be reflective of 
a ‘sedentary’ population (<5000 steps per day). This cut- point 
denoting a very low active population closely approximates the 
pooled mean steps per day in our meta- analysis (the midpoint of 
the prediction interval).

PA measured by steps per day has shown to decrease in those 
living with chronic conditions due to their debilitating effects. In 
addition, the degenerative ageing process comes with functional 
limitations and lower levels of PA.30 This observation is consis-
tent with our findings from the meta- regression of >1100 fewer 
steps per day with every 10- year increment in age, though caution 
is warranted in drawing conclusions from meta- regression using 
study- level covariates.31 A cohort study exploring PA trajectories 
on cardiovascular disease risk in adults aged ≥65 years reported 
lower HF incidence rates in active men and women compared 
with low- active or inactive counterparts.32 Such findings have 
implications for clinicians to be trained in the benefits of PA 
and to be provided with evidence- informed tools to promote 
PA behavioural change, to delay the onset of age- related decline 
and to provide patients with HF with physiological and psycho-
logical benefits. However, we acknowledge that, depending on 
disease severity, increasing PA may not be an option for some 
patients with HF.1

The quality of methods reporting in studies was identified as 
poor in this review, with the exception of ‘domain 1—device 
details’. With reference to our quality of reporting checklist, the 
under- reported domains included device wear time and device 
calibration. Selection of evidence- based target and actual device 
wear time are important variables that should be reported, as 
this reflects an individual’s or a group’s habitual PA over a spec-
ified period in time.16 Previously, researchers have developed 
recommendations for best practices in using accelerometery.17 It 
is recommended that authors report on the brand and location of 
accelerometer placement, sampling periods, methods for deter-
mining wear time, criteria for a valid day and quality control 
checks. Despite frameworks having been developed, there is 
no requirement for researchers to use them when reporting 
studies.20

Limitations
No previous study has aimed to precisely quantify the habitual 
PA levels of the HF patient population. Nevertheless, this study 

has limitations. First, many of the included studies failed to 
report key methodological items for PA measurement in device- 
based studies, creating difficulties with between- study compari-
sons and decreasing the reproducibility of findings. As we have 
demonstrated, under- reporting on key items, or simply not cali-
brating devices to the relevant population makes it more difficult 
to interpret findings and may produce considerable variability 
across PA outcomes. It should also be acknowledged that the 
quality assessment of PA only concerns studies selected for the 
primary objective of this study.

For a PA intervention to be effective, the assessment of PA is 
required to enable clinicians to make appropriate recommenda-
tions for patients, specifically those identified as low active.33 Due 
to the methodological heterogeneity across studies with a wide 
variety of PA outcomes, our meta- analysis was restricted to steps/
day. A detailed analysis of the other PA outcomes (minutes, meta-
bolic equivalents (METs), MET- minute, active calories, MVPA, 
activity counts, vector magnitude unit (VMU), milligravity and 
miles) would have enabled a more comprehensive assessment 
of true baseline levels reflecting the multidimensionality of PA. 
Although the available data suggest that this population is low 
active according to other PA outcomes, we cannot definitively 
conclude this. Ideally, multiple PA metrics should be reported 
to generate a PA profile across physiologically important dimen-
sions that reflect health- related outcomes. It has been suggested 
that reliance on one PA descriptor could lead to an inaccurate 
representation of true PA levels.34 This issue should be addressed 
in future research on patients with HF.

CONCLUSIONS
The main finding from this review is that patients with HF 
are typically low active, and the probability of this population 
meeting the daily recommended level of moderate PA of 7000 
steps/day is low (unlikely). It is, therefore, imperative to develop 
interventions that address the age- related and condition- related 
decline in PA of this population, and work to increase PA with 
the overall aim of achieving levels that are beneficial for physical 
and mental health and well- being. The findings of this system-
atic review have implications for intervention design and evalu-
ation, including clinician training on PA behavioural change to 
improve HF symptoms, reduce hospital admissions and enhance 
the quality of life.

Twitter Cara Jordan @carajordan95

Acknowledgements We would like to express our gratitude to the authors of 
included studies who responded positively to requests for additional information and 
data.

Contributors LA, AMB and DF designed the review protocol. LE conducted 
the search strategy with input from CJ, LA and AMB. CJ conducted the study 
selection and data extraction with assistance from SJC and DH. AMB, LA, DF and 
CJ developed the methodological quality assessment form, CJ completed the 
methodological quality assessment with assistance from SJC. CJ drafted the initial 
manuscript. All authors contributed to the initial and final drafts of the manuscript. 
LA, AMB and DF provided ongoing supervision to CJ. LA is the guarantor of this 
work and accepts full responsibility for the work and controlled the decison to 
publish.

Funding Funding for this research was provided by Teesside University via a 
Doctoral Studentship.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, conduct, reporting or dissemination plans of this research.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information.

https://twitter.com/carajordan95


6 Jordan C, et al. Heart 2023;0:1–6. doi:10.1136/heartjnl-2022-321943

Heart failure and cardiomyopathies

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Cara Jordan http://orcid.org/0000-0003-4853-3511
Sarah J Charman http://orcid.org/0000-0002-3029-7672

REFERENCES
 1 Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/HFSA guideline for the 

management of heart failure: a report of the american college of cardiology/American 
Heart Association joint committee on clinical practice guidelines. J Am Coll Cardiol 
2022;79:e263–421. 

 2 James SL, Abate D, Abate KH, et al. Global, regional, and national incidence, 
prevalence, and years lived with disability for 354 diseases and injuries for 195 
countries and territories, 1990- 2017: a systematic analysis for the global burden of 
disease study 2017. Lancet 2018;392:1789–858. 

 3 British Heart Foundation. Heart & circulatory disease statistics. 2022. Available: 
https://www.bhf.org.uk/what-we-do/our-research/heart-statistics/heart-statistics- 
publications/cardiovascular-disease-statistics-2022 [Accessed 20 Jun 2022].

 4 Taylor CJ, Ryan R, Nichols L, et al. Survival following a diagnosis of heart failure in 
primary care. Fam Pract 2017;34:161–8. 

 5 Chamberlain AM, Dunlay SM, Gerber Y, et al. Burden and timing of hospitalizations in 
heart failure: a community study. Mayo Clin Proc 2017;92:184–92. 

 6 Cremers HP, Theunissen L, Essers PPM, et al. Gender differences in heart failure; data 
on outcomes and costs. 2020. Available: https://www.escardio.org/The-ESC/What-we- 
do/Initiatives/Virtual-Journal/gender-differences-in-heart-failure-data-on-outcomes- 
and-costs [Accessed 20 Jun 2022].

 7 Dibben GO, Dalal HM, Taylor RS, et al. Cardiac rehabilitation and physical activity: 
systematic review and meta- analysis. Heart 2018;104:1394–402. 

 8 Dalal HM, Doherty P, McDonagh ST, et al. Virtual and in- person cardiac rehabilitation. 
BMJ 2021;373:n1270. 

 9 Doherty P, Harrison A. Investigation of the impact of COVID- 19 on UK CR: what can 
we learn from this experience? [abstract]. In: BACPR Annual Conference. 2020.

 10 Kang D- S, Sung J- H, Kim D, et al. Association between exercise habit changes and 
mortality following a cardiovascular event. Heart 2022;108:1945–51. 

 11 Ambrosetti M, Abreu A, Corrà U, 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 J Prev Cardiol 2021;28:460–95. 

 12 Bull FC, Al- Ansari SS, Biddle S, et al. World Health Organization 2020 guidelines on 
physical activity and sedentary behaviour. Br J Sports Med 2020;54:1451–62. 

 13 Jordan C, Charman SJ, Ashley K, et al. Habitual physical activtiy levels of adults 
with heart failure in primary and secondary care. PROSPERO: CRD42020167786; 
2020. Available: https://www.crd.york.ac.uk/prospero/display_record.php?ID= 
CRD42020167786

 14 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 2021;372:n71. 

 15 Colley R, Connor Gorber S, Tremblay MS. Quality control and data reduction 
procedures for accelerometry- derived measures of physical activity. Health Rep 
2010;21:63–9.

 16 Trost SG, McIver KL, Pate RR. Conducting accelerometer- based activity assessments in 
field- based research. Med Sci Sports Exerc 2005;37:S531–43. 

 17 Matthews CE, Ainsworth BE, Thompson RW, et al. Sources of variance in daily 
physical activity levels as measured by an accelerometer. Med Sci Sports Exerc 
2002;34:1376–81. 

 18 Landis JR, Koch GG. The measurement of observer agreement for categorical data. 
Biometrics 1977;33:159–74. 

 19 Higgins JL, Deeks J. Obtaining standard deviations from standard errors and 
confidence intervals for group means. Cochrane; 2022. Available: www.training. 
cochrane.org/handbook [Accessed 02 Feb 2022].

 20 Montoye AHK, Moore RW, Bowles HR, et al. Reporting accelerometer methods in 
physical activity intervention studies: a systematic review and recommendations for 
authors. Br J Sports Med 2018;52:1507–16. 

 21 StataCorp L. Stata statistical software: release 15 college station. TX StataCorp LP, 
2013.

 22 Anderson Cancer Center DoB. Parameter solver v3.0. University of Texas MD,
 23 Güder G, Wilkesmann J, Scholz N, et al. Establishing a cardiac training group 

for patients with heart failure: the “HIP- in- Würzburg” study. Clin Res Cardiol 
2022;111:406–15. 

 24 Higgins JPT, Tianjing L, Deeks JJ. Chapter 6: choosing effect measures and computing 
estimates of effect. In: Higgins JPT, Thomas J, Chandler J, et al., eds. Cochrane 
Handbook for Systematic Reviews of Interventions version 6.32021. 2021. Available: 
https://training.cochrane.org/handbook/current/chapter-06#section-6-5-2

 25 IntHout J, Ioannidis JPA, Rovers MM, et al. Plea for routinely presenting prediction 
intervals in meta- analysis. BMJ Open 2016;6:e010247. 

 26 Tudor- Locke C, Craig CL, Aoyagi Y, et al. How many steps/day are enough? For older 
adults and special populations. Int J Behav Nutr Phys Act 2011;8:1–19. 

 27 Viechtbauer W. Confidence intervals for the amount of heterogeneity in meta- analysis. 
Stat Med 2007;26:37–52. 

 28 da Silva VZM, Lima AC, Vargas FT, et al. Association between physical activity 
measurements and key parameters of cardiopulmonary exercise testing in patients 
with heart failure. J Card Fail 2013;19:635–40. 

 29 Izawa KP, Watanabe S, Oka K, et al. Usefulness of step counts to predict mortality in 
japanese patients with heart failure. Am J Cardiol 2013;111:1767–71. 

 30 Bauman A, Merom D, Bull FC, et al. Updating the evidence for physical activity: 
summative reviews of the epidemiological evidence, prevalence, and interventions to 
promote “active aging.” Gerontologist 2016;56 Suppl 2:S268–80. 

 31 Fisher DJ, Carpenter JR, Morris TP, et al. Meta- analytical methods to identify who 
benefits most from treatments: daft, deluded, or deft approach? BMJ 2017;356:j573. 

 32 Barbiellini Amidei C, Trevisan C, Dotto M, et al. Association of physical activity 
trajectories with major cardiovascular diseases in elderly people. Heart 
2022;108:360–6. 

 33 Strath SJ, Kaminsky LA, Ainsworth BE, et al. Guide to the assessment of physical 
activity: clinical and research applications: a scientific statement from the American 
heart association. Circulation 2013;128:2259–79. 

 34 Thompson D, Peacock O, Western M, et al. Multidimensional physical activity: an 
opportunity, not a problem. Exerc Sport Sci Rev 2015;43:67–74. 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4853-3511
http://orcid.org/0000-0002-3029-7672
http://dx.doi.org/10.1016/j.jacc.2021.12.012
http://dx.doi.org/10.1016/S0140-6736(18)32279-7
https://www.bhf.org.uk/what-we-do/our-research/heart-statistics/heart-statistics-publications/cardiovascular-disease-statistics-2022
https://www.bhf.org.uk/what-we-do/our-research/heart-statistics/heart-statistics-publications/cardiovascular-disease-statistics-2022
http://dx.doi.org/10.1093/fampra/cmw145
http://dx.doi.org/10.1016/j.mayocp.2016.11.009
https://www.escardio.org/The-ESC/What-we-do/Initiatives/Virtual-Journal/gender-differences-in-heart-failure-data-on-outcomes-and-costs
https://www.escardio.org/The-ESC/What-we-do/Initiatives/Virtual-Journal/gender-differences-in-heart-failure-data-on-outcomes-and-costs
https://www.escardio.org/The-ESC/What-we-do/Initiatives/Virtual-Journal/gender-differences-in-heart-failure-data-on-outcomes-and-costs
http://dx.doi.org/10.1136/heartjnl-2017-312832
http://dx.doi.org/10.1136/bmj.n1270
http://dx.doi.org/10.1136/heartjnl-2022-320882
http://dx.doi.org/10.1177/2047487320913379
http://dx.doi.org/10.1136/bjsports-2020-102955
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020167786
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020167786
http://dx.doi.org/10.1136/bmj.n71
http://dx.doi.org/20426228
http://dx.doi.org/10.1249/01.mss.0000185657.86065.98
http://dx.doi.org/10.1097/00005768-200208000-00021
http://dx.doi.org/10.2307/2529310
www.training.cochrane.org/handbook
www.training.cochrane.org/handbook
http://dx.doi.org/10.1136/bjsports-2015-095947
http://dx.doi.org/10.1007/s00392-021-01892-1
https://training.cochrane.org/handbook/current/chapter-06#section-6-5-2
http://dx.doi.org/10.1136/bmjopen-2015-010247
http://dx.doi.org/10.1186/1479-5868-8-80
http://dx.doi.org/10.1002/sim.2514
http://dx.doi.org/10.1016/j.cardfail.2013.08.002
http://dx.doi.org/10.1016/j.amjcard.2013.02.034
http://dx.doi.org/10.1093/geront/gnw031
http://dx.doi.org/10.1136/bmj.j573
http://dx.doi.org/10.1136/heartjnl-2021-320013
http://dx.doi.org/10.1161/01.cir.0000435708.67487.da
http://dx.doi.org/10.1249/JES.0000000000000039

	Habitual physical activity levels of adults with heart failure: systematic review and meta-analysis
	ABSTRACT
	Introduction
	Methods
	Search strategy
	Eligibility criteria
	Inclusion criteria

	Study selection
	Data extraction
	Quality of reporting
	Synthesis of results
	Meta-analysis

	Results
	Study characteristics
	Population characteristics
	Quality of reporting
	PA metrics and outcomes
	Meta-analysis
	Prediction interval
	Meta-regression

	Discussion
	Limitations

	Conclusions
	References


