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Methods
and results

Keywords

This study aimed to measure physical activity (PA) in participants with suspected heart failure with preserved
ejection fraction (HFpEF) and assess associations between PA and participant characteristics.

Adults with presumed HFpEF were recruited and received diagnostic evaluation and clinical assessment. Physical activity
was objectively measured using accelerometers over 7 days. To examine predictors of PA, a best subset analysis was
used, with the optimal model defined as that with the lowest Bayesian information criterion. One hundred and twenty-
four participants with presumed HFpEF who had valid accelerometer data were included in this study. Seventy-six were
confirmed by a cardiologist as meeting the European Society of Cardiology diagnosis criteria for HFpEF. The median age
of all participants was 80.1 years, and 47.4% were female. Patients spent most of each 24-h period at low-intensity PA
and few or no durations at high-intensity PA, with lower activity for those with HFpEF. Gait speed was the best univari-
ate correlate of activity levels (adjusted R* 0.29). The optimal model using best subsets regression included six variables
and improved adjusted R* to 0.47. In the model, lower levels of PA were associated with slower gait speed, lower levels
of anxiety, higher levels of depression, past smoking history, a confirmed HFpEF diagnosis, and higher body mass index.

Participants demonstrated very low PA levels. The study has identified important patient characteristics associated
with PA, which may help to identify those most in need of interventions. Notably, participants with confirmed
HFpEF were more inactive than participants with other heart failure phenotypes.

Heart failure with preserved ejection fraction e Activities o Lifestyle e Sedentary e Accelerometer

Implications for Practice

® Patients with HFpEF had very low levels of physical activity and represent a group requiring support to increase physical activity.

® Some factors associated with low physical activity levels such as slow gait speed, increased BMI, and depression identify patients at risk of
sedentary behaviour and are potentially modifiable.

® Physical activity has been shown to improve fitness and quality of life in HFpEF and innovative interventions are needed to support patients
with HFpEF to be active.

* Corresponding author. Tel: 01223 746607, Email: cd531@medschl.cam.ac.uk
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Introduction

Heart failure (HF) is a syndrome caused by structural and/or func-
tional defects of the heart, leading to reduced cardiac output and/or
raised intracardiac pressures.1 Heart failure is a serious public health
concern in the UK, affecting over 920 000 people,® and accounting
for 2% of NHS expenditure and 5% of emergency hospitalizations.®
Approximately half of all cases are attributable to the phenotype
heart failure with preserved ejection fraction (HFpEF), which is more
difficult to diagnose and has so far proved refractory to traditional HF
pharmacotherapy.

Heart failure with preserved ejection fraction is conceptually
defined as the presence of an ejection fraction (EF) greater than 50%
alongside objective evidence of a reduced capacity to eject blood ad-
equately at normal diastolic filling pressures.* The development of
HFpEF is driven by a pro-inflammatory state induced by comorbid
conditions such as obesity, hypertension, diabetes mellitus, and
chronic obstructive pulmonary disease.® The pro-inflammatory state
leads to coronary microvascular endothelial inflammation, which
begins the cascade of events leading to left ventricular stiffness and
heart failure. More recently, peripheral endothelial dysfunction has
been highlighted as pathophysiologically potent in HFpEF causing or
contributing to a range of skeletal muscle abnormalities that contrib-
ute significantly to exercise intolerance.®

Successive failure of clinical trials of drugs to alter morbidity and mor-
tality and emerging evidence of the role of peripheral factors has
prompted an increased focus on alternative pathways of management
and a call for more tangible endpoints such as improvement in the qual-
ity of life (QoL) and functional capacity.” Meta-analyses® ' have shown
physical activity (PA) improves QoL and functional capacity; however,
evidence of effects of PA on hospitalizations and mortality is lacking and
findings have been inconsistent in relation to diastolic dysfunction.

Little is known about the quantity and quality of PA performed by
those with HFpEF'" and therefore the best mode and dose of PA to
prescribe in HF|;>EF.12 Cardiac rehabilitation guidelines recommend
supervised aerobic exercise 3-5 times per week for 20—-160 min that
can be augmented by resistance exercises and is progressively
increased based on baseline assessed by cardiopulmonary exercise
testing. However, in the UK many cardiac rehabilitation programmes
still do not accept patients with heart failure' and uptake amongst
HF patients remains low (<20%)."* Moreover, some argue the utility
of CR in HFpEF has not been established as the evidence base pre-
dominantly excludes HFpEF patients."

Studies that quantify and explore correlations of free-living PA in
HFpEF patients are valuable in informing new interventions and may
even provide insights into potential barriers to PA engagement in the
real-world setting.

The aim of this article is to describe PA levels in a cohort of partici-
pants recruited to a prospective observational cohort study
[Optimising Management of Heart Failure with Preserved Ejection
Fraction in Primary Care (Optimise HFpEF)] and the participant char-
acteristics associated with PA levels.

Methods

The study has been described previously'® but in brief, community-dwell-
ing older adults with suspected HFpEF (n=152) were recruited via the

primary care setting from three regions in England. Given the diagnostic
challenges of HFpEF, inclusion criteria were broad: all adult patients with
diagnosed or suspected HFpEF [defined as anyone diagnosed with non-
valvular HF that: (i) were not diagnosed with left ventricular systolic dys-
function or had a documented ejection fraction (EF) <50%; (ii) had a
reported ‘normal’ or preserved EF; and (iii) had an echocardiogram
reporting structural heart disease or diastolic dysfunction without mod-
erate to severe systolic dysfunction]. Patients were excluded if they could
not communicate in English; or had documented: severe neurocognitive
conditions that would confound outcome assessment; New York Heart
Association (NYHA) Class IV classification or other life-threatening con-
dition; or a recent (<6weeks) heart failure exacerbations resulting in
hospitalization.

Following consent, participants underwent a transthoracic echocardio-
gram (TTE) and were clinically phenotyped. The primary aim was to char-
acterize a cohort of patients with HFpEF recruited from primary care; the
secondary aim was to follow-them longitudinally for 1 year to assess
change over time. A component of the phenotyping was assessment of
objective measurement of PA via 7-day accelerometery wear. Clinical
parameters and TTEs were assessed by an experienced cardiologist
against European Society of Cardiology (ESC) diagnostic criteria for
HFpEF." This separated the cohort into two groups: those who met the
ESC criteria, ‘confirmed HFpEF; and those who did not, ‘non-HFpEF.
The non-HFpEF group presented with various other cardiac phenotypes.
Both the confirmed HFpEF and non-HFpEF participants are included in
this study. This allowed comparison between groups, and an opportunity
to examine the significance of a confirmed HFpEF diagnosis on levels of
PA.

Ethics

The study was given Research Ethics Committee (REC) and regulatory
approval through the Health Research Authority in England (REC refer-
ence: 17/LO/2136). All participants provided written informed consent;
data were handled in line with local data protection and information gov-
ernance regulations which stipulate personal identifiable data is stored
separately and securely. The study conformed with the principles of the
Declaration of Helsinki.

Measurement of physical activity

All participants (n=152) were invited to wear the Axivity AX3 tri-axial
accelerometer (Axivity Ltd, Newcastle upon Tyne, UK) for seven con-
secutive free-living days. Participants were asked to wear the accelerom-
eter on their non-dominant wrist; however, dominant wrist wear was
allowed as previous studies found no significant difference.’® Verbal and
written instruction on continuous wear, normal activity, and device re-
turn were given. The accelerometers were programmed to record
movement with a sampling frequency of 100 Hz and a dynamic range of
+8g. The validity of wrist-worn devices set at these frequencies has been
previously established.”"'® Data were collected between July 2018 and
November 2019.

Non-wear of the accelerometer was defined as time periods where
the standard deviation of acceleration in each axis fell below 13 mg for
longer than 1h."? Valid data were defined as at least five valid days of ac-
celerometer wear, with each valid day having data for at least 80% of a
24-h period. The median accelerometer wear percentage was 100%.
Patient flow and subsequent exclusions can be visualized in Figure 1; in
brief 152 patients were enrolled in the study and 20 were excluded due
to a lack of accelerometer data. A further eight participants without valid
accelerometer data as defined above were excluded. The subsequent
analyses were based on the final sample of 124 participants, of which 76
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were patients with HFpEF and 48 were patients with other types of
cardiovascular diseases.

Clinical assessments

Outcome measures and data sources'® included the following: physical
characteristics (height, weight, blood pressure, respiratory rate, pulse);
past medical history and comorbidities (interview and medical record
review); heart function [12-lead electrocardiogram and transthoracic
echocardiogram (TTE)]; oedema assessment, breathlessness, and fatigue
(modified BORG), frailty assessment [clinical frailty scale, Survey of
Health, Ageing and Retirement in Europe Frailty Instrument, electronic
frailty index (SHARE-FI)]; cognition assessment [Montreal Cognitive
Assessment (MOCA)]; physical functioning (six-minute walk test, gait
speed, 7 day accelerometer wear); laboratory testing (biochemistry,
haematology, biomarkers); anxiety and depression [Hospital Anxiety and
Depression Score (HADS)]; heart failure QoL [Kansas City
Cardiomyopathy Questionnaire (KCCQ)], HF self-care [European Heart
Failure Self-Care Behaviour Questionnaire (EHFScB)]; HF symptoms
(Symptom Status Questionnaire—Heart Failure) and health-related QoL
(EQ-5D-5L).

Accelerometer data

Accelerometer data were processed using Pampro (https:/github.com/
Thomite/pampro),?® an open-source software package. Machine noise
was filtered out by applying a low-pass filter at 20 Hz. Raw tri-axial signals
were converted into an omnidirectional acceleration signal and acceler-
ation due to gravity was removed to isolate acceleration due to PA alone,
using the procedure described by van Hees et al>! The signal, known as
the Euclidean Norm Minus One, was further summarized from sample-
level data into averages over 5-s epochs. The resultant signal, expressed in
milligravity units (mg) where g = 9.81 ms™, was termed the average vector
magnitude and used to represent the PA intensity.

Previous studies have extensively discussed the heterogeneity in and
absence of standard methods for accelerometer data collection and
processing.?2 This is further complicated by the application of various
normative ‘thresholds’ to classify different categories of PA, especially in
chronic disease. To avoid ambiguity and enhance comparison with other

Participant flowchart

152 enrolled in study
93 HFpEF
59 Non-HFpEF
|

cohorts, this study did not apply thresholds and reports average vector
magnitude.

Analysis

Statistical analyses were carried out using R statistical software version
3.6.0.2 Descriptive data were expressed as median values with interquar-
tile range (IQR) or as counts with proportions unless otherwise stated.
Statistical significance was set at 5% and 95% confidence intervals are
provided.

For the regression, which sought to determine associations
between individual variables and daily average vector magnitude,
variables with zero or near-zero variance were removed, as were varia-
bles with more than five missing values and linear dependencies.
Retention and exclusion of variables at each stage can be visualized
in Figure 2.

Univariate linear regression analysis explored the association be-
tween average vector magnitude and all of the potential predictor var-
iables before multivariate regression models were built using best
subsets regression in the ‘leaps’ R package.”* The model used an ex-
haustive search. To assess for overfitting of the data, the Bayesian in-
formation criterion (BIC) was extracted. We also performed k-fold
cross-validation (k= 10) to predict the different models’ ability to gen-
eralize to independent data sets. The optimal model was defined as
that with the lowest BIC value. The number of independent variables
in the model was increased until the BIC rose.

Results

Summary statistics of the 124 patients used for the PA analysis are
described in Table 1. In the total sample, the majority were male
(59.7%), NYHA Class Il (58.9%), and pre-frail or frail (55.6%). The
sample was older (median age: 79.6), more functionally impaired
[median SHARE-FI frailty score: 1.1; median six-minute walk distance
(6MWD): 300.0 m; median gait speed: 1.1 m/s] and had more comor-
bidities [median Charlson Comorbidity Index (CCl): 4] than patients
typically recruited into clinical trials.>>*® The higher median age was
representative of the general population with HF, which has a
reported median age of 75 years.”’ Compared to the patients with

Reasons for data loss

|
132 with accelerometer data
84 HFpEF
48 Non-HFpEF

Calibration and wear time analysis

20 did not wear accelerometer
15 did not consent
1 contraindicated
4 missing

[
124 with valid accelerometer data
76 HFpEF
48 Non-HFpEF

Figure | Participant flow and exclusions.

8 without valid accelerometer data
3 unable to calibrate
5 insufficient wear
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Reasons for addition of variables Variables flowchart Reasons for exclusion of variables

| 778 variables in initial data set |

149 variables considered irrelevant (repeated

variables, placeholder variables, variables with free
text responses)

| 629 variables

19 summary scores created I I

| 118 variables used to compute summary scores |

| 530 variables

I 468 variables deemed to be of little clinical relevance |

| 4 variables with zero or non-zero variance |

! 23 variables with more than five missing values |

| 62 variables |
[
| 58 variables |
2 variables deemed to be of great clinical relevance
despite having more than five missing values
| 37 variables |

2 variables causing linear dependencies |

| 35 variables in final data set |

Figure 2 Flowchart of variables demonstrating selection of final variables for regression analyses.

other types of cardiovascular conditions, the HFpEF sample had
more severe HF by NYHA classification (P=0.049) and was more
functionally impaired, as demonstrated by the significantly higher
SHARE-F frailty score (P=0.043) and 6MWD (P = 0.023), and signifi-
cantly lower KCCQ overall summary score (P=0.022) and daily
average vector magnitude (P =0.018). There were also proportional-
ly more females in the HFpEF sample, which trended towards signifi-
cance (P=0.068). The HFpEF sample was otherwise no significantly
different from the non-HFpEF group in the other clinical and
demographic variables.

Data on the amount of time spent above each vector magnitude
are presented as boxplots in Figure 3. For both the total sample and
the subset of HFpEF patients, the majority of each 24-h period was
spent in what might be considered low or sedentary levels of PA, and
only short durations were spent at high-intensity PA. The median
duration spent at each vector magnitude was shorter for patients
with HFpEF as compared to the total sample. The spread of durations
spent above each vector magnitude was large and a small number of
individuals spent significantly more time above each vector magnitude
compared to the rest of the sample, as represented by the filled
circles in Figure 3.

Correlates of daily average vector
magnitude

The univariate analyses determined 19 variables were significantly
correlated with daily average vector magnitude, with two variables
tending towards significance. Gait speed explained the largest amount
of variance (adjusted R = 0.29) (Supplementary material online,
Table ST7). The optimal model from the best-subset analysis, as
defined by the lowest BIC, was the six variable model (Table 2). A
seven variable model did not improve the BIC and only marginally
improved the adjusted R value. In the six variable model ‘optimal’
model (adj R* = 0.47, df = 84, P < 0.001) lower levels of activity were

associated with slower gait speed, lower levels of anxiety (as meas-
ured by the HADS), higher levels of depression (as measured by the
HADS), a past smoking history, a confirmed HFpEF diagnosis, and a
higher body mass index (BMI) (Table 3; marginal effects plot in
Supplementary material online, Figure S1).

Discussion

Compared to healthy individuals of equivalent age, this cohort of
older, multi-morbid adults predominantly recruited from the
HF registers of primary care practices appeared relatively
inactive with a median average vector magnitude of 16.2mg
(IQR 12.2-20.2). Importantly, within the total sample, those with
a confirmed diagnosis of HFpEF were even more inactive with a
median daily average vector magnitude of 15.4 mg (IQR 6.8-18.3).
In comparison, a study of UK Biobank participants found the
mean acceleration vector magnitude in healthy older adults aged
75-79 years old was 23.9 mg (SD £ 6.5) for women and 22.9 mg
(SD + 6.8) for men.”® When compared with older adults with
cardiovascular disease from the UK biobank (n=7040), which
reported mean activity of 25.2 mg/day (IQR 25.1-25.4), the daily
average vector magnitude is still low.* A subset of biobank partic-
ipants (n=53) in the latter analysis had heart failure of unspecified
phenotype. The mean daily activity in this cohort of 21.5 mg/day
(IQR 20.0-23.1) was still substantially higher than the average
vector magnitude reported in this study.

Only one other UK clinical study has reported accelerometery-
based assessment of PA in patients with confirmed HFpEF® The
REACH-HFpEF study used a GeneActive accelerometer and similarly
measured physical activity levels over 7 days. Compared to REACH-
HFpEF, subjects in this cohort performed more activity at lower
vector magnitudes but substantially less activity at higher vector
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Table I Summary of demographic and clinical variables for HFpEF and non-HFpEF patients

Confirmed HFpEF (n =76) Non-HFpEF (n = 48) P-value
Demographic variables

Female 36 (47.4%) 14 (29.2%) 0.068
Age 80.1 (74.8-83.6) 782 (72.9-83.2) 0.260
BMI (kg/m?) 312 (27.7-344) 28.6 (23.9-32.7) 0.089
Past smoking history 49 (64.5%) 38 (79.2%) 0.124
Living alone 30 (39.5%) 13 (27.1%) 0.223
Alcohol consumption frequency 0.566

Never 16 (21.1%) 5(10.4%)

Monthly or less 12 (15.8%) 10 (20.8%)

2—4 times a month 8 (10.5%) 7 (14.6%)
15 (19.7%) 11 (22.9%)
25 (32.9%) 15 (31.3%)

2-3 times a week

4 or more times a week

Previously attended cardiac rehabilitation programme 11 (14.5%) 7 (14.6%) 1.000
Clinical variables
NYHA classification 0.049
Class | 10 (13.2%) 15 (31.3%)
Class Il 49 (64.5%) 24 (50.0%)
Class Il 17 (22.4%) 9 (18.8%)
Presence of leg oedema 39 (51.3%) 22 (45.8%) 0.682
SHARE-FI frailty score 1.6 (0.3-2.5) 0.9 (-0.2to 1.9) 0.043
Non-frail 25 (32.9%) 26 (54.2%)
Pre-frail 30 (39.5%) 13 (27.1%)
Frail 19 (25.0%) 7 (14.6%)
Not recorded 2 (2.6%) 2 (4.2%)
Six-minute walk distance (m) 257.5 (171.8-361.5) 338.0 (237.5-414.2) 0.023
Gait speed (m/s) 1.1 (0.7-13) 1.1 (0.9-13) 0.051
Charlson Comorbidity Index (CCl) 4.0 (3.0-6.5) 4.0 (2.5-5.0) 0.231
CHA;,DS,-VASc score for atrial fibrillation stroke risk 4.2 (3.0-5.0) 4.0 (3.0-5.0) 0.121
Questionnaire scores
KCCQ
Physical limitation score 72.9 (50.0-87.5) 87.5 (70.8-100.0) 0.001

Total symptom score 78.1 (59.6-89.6) 91.7 (61.7-100.0) 0.066
Quality of life score 83.3 (41.7-91.7) 83.3 (62.5-100.0) 0.110
Social limitation score 82.5 (50.0-100.0) 90.0 (65.0-100.0) 0.262
Overall summary score 74.7 (53.6-88.8) 88.3 (64.1-97.8) 0.022
HADS
Anxiety score 4.5 (2.0-7.0) 4.0 (2.0-6.0) 0.650
Depression score 8.0 (6.0-9.0) 7.0 (5.8-8.3) 0.150
EQ-5D-5L crosswalk index value 0.7 (0.6-0.8) 0.8 (0.7-1.0) 0.205
EHFScB total score 29.0 (22.0-35.8) 32.0 (26.0-36.5) 0.270
Accelerometer data
Daily average vector magnitude (mg) 15.4 (12.0-18.3) 18.2 (12.9-21.5) 0.018

Data presented as count (percentage) or median (IQR). Independent t-tests were performed to compare differences in continuous variables between the HFpEF and
non-HFpEF samples. Chi-squared tests were performed to compare differences in proportions of categorical variables. The bold are those that are statistically significant.

BMI, body mass index; CCl, Charlson Comorbidity Index; EHFScB, European Heart Failure Self-care Behaviour Scale; HADS, Hospital Anxiety and Depression Scale; HFpEF,
heart failure with preserved ejection fraction; IQR, interquartile range; KCCQ, Kansas City Cardiomyopathy Questionnaire; NYHA, New York Heart Association; SHARE-FI,
Frailty Instrument of the Survey of Health, Ageing and Retirement in Europe.

magnitudes. Mean time per day spent at vector magnitudes greater
than 100 mg in REACH-HFpEF was 39 min (intervention group) and
40 minutes (control group) compared to 10.52min in this study

The findings are in line with other studies of HFpEF. A similar
cross-sectional observation study (ALBERTA-HEART) found that
patients with HFpEF (n = 53) had the lowest volume of activity across

(Supplementary material online, Table S2). the four groups studied [HFpEF, heart failure with reduced ejection
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fraction (HFrEF), at risk for HF, healthy control].""
of the Treatment of Preserved Cardiac Function Heart Failure With
an Aldosterone Antagonist (TOPCAT) study (n=1751) found that
few HFpEF patients (11%) met American Heart Association criteria

A post hoc analysis

800~

600~

Patient group

. All patients

ES Patients with HFpEF

Time/min
IS
&
8
.
.

2

S

0-

L

10 20 30 40 50 6 70 8 90 100
Vector magnitude/mg

Figure 3 Duration spent above each vector magnitude above
Omg [all patients (n=124); Patients with heart failure with
preserved ejection fraction (n=76)].

for ideal activity and that poor and intermediate baseline PA was
associated with a higher risk of HF hospitalization and mortality.>’

Correlates of physical activity

In this analysis, 47% of the variance in PA was explained by gait speed,
anxiety, depression, past smoking history, BMI, and HFpEF diagnosis.
Even when controlling for other factors, the diagnosis of HFpEF itself
was an independent predictor. Patients with HFpEF demonstrated a
lower daily average vector magnitude and consistently shorter dura-
tions spent at every vector magnitude threshold in Figure 3. This sug-
gests that, in this sample of participants with mixed cardiovascular
pathologies, those with a diagnosis consistent with HFpEF were the
most inactive.

Patients with HFpEF were more functionally impaired than those
not confirmed as HFpEF. As a measure of functional impairment gait
speed positively predicted daily average vector magnitude in both
univariate and multivariate analyses. Previous studies have found that
functional capacity correlates with total PA in mixed HF**** and
HFpEF cohorts.'** Gait speed is a simple and reproducible measure
that can be implemented within clinical practice. Given the accumu-
lating evidence demonstrating strong associations between PA and
gait speed, it could serve as a proxy measure of PA and thus identify
those who would benefit most from PA interventions.

Table2 Parameters of models with one to seven variables generated by best subsets multivariate regression analyses

Covariates in model Adjusted R? R? BIC Mallows’ Cp k-fold
prediction error

Gait speed 0.29 0.29 -22.57 18.56 5.53
Gait speed, weight 0.35 0.37 -28.33 9.29 543
Gait speed, anxiety, depression 0.39 0.41 -29.28 5.80 5.25
Gait speed, anxiety, depression, BMI 0.42 0.44 -30.55 2.34 5.23
Gait speed, anxiety, depression, past smoking history, 0.44 0.47 -31.37 -0.41 5.15

HFpEF diagnosis
Gait speed, anxiety, depression, past smoking 0.47 0.50 —-32.25 -2.93 5.13

history, HFpEF diagnosis, BMI
Gait speed, anxiety, depression, past smoking history, 0.47 0.52 -29.90 -2.66 511

HFpEF diagnosis, BMI, CHA,DS,-VASc score for atrial

fibrillation stroke risk

Bold represents the best model.
Table3 Summary of the optimal six-variable model

Term Estimate Lower 95% CI Upper 95% CI P-value
Gait speed 6.39 3.95 8.83 <0.001
HADS anxiety 0.46 0.19 0.74 0.001
HADS depression -0.61 -1.12 -0.11 0.019
Past smoking history 2.66 0.41 491 0.021
Diagnosis of confirmed HFpEF 2.99 0.80 5.17 0.008
BMI -0.19 -0.36 -0.02 0.026

BMI, body mass index; Cl, confidence interval; HADS, Hospital Anxiety and Depression Scale; HFpEF, heart failure with preserved ejection fraction.
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Past smoking history was negatively correlated with PA levels, con-
sistent with some studies examining factors associated with PA levels
in HF* but not all.'>*® In a recent retrospective study of 14 406
patients with coronary artery disease and HF, Grubb et al** found
that in both HFpEF and HFrEF, current smokers had a higher risk than
former smokers; however, smoking history correlated with worse
outcomes in HFrEF only. Links between smoking and lower PA levels
have been proposed, although the exact pathophysiological mecha-
nisms are still unclear. For instance, smoking is associated with struc-
tural and functional myocardial changes35 and haemodynamic changes
such as vasoconstriction and endothelial dysfunction36 which can pre-
cipitate functional impairment and exercise intolerance. That smoking
may be associated with physical inactivity in HF is concerning because
smoking and physical inactivity are both associated with poorer out-
comes in HF.3” Smoking cessation in HF patients is important but only
3.2% of our cohort were current smokers. For ex-smokers, past
smoking behaviour is not modifiable, but our findings suggest that
these HF patients may be in greater need of PA interventions.

Similar to other studies, increasing BMI was associated with lower
levels of physical activity.*>*® In a study of 51 451 participants from
three longitudinal cohorts, Pandey et al*® demonstrated a strong,
dose-dependent association between lower PA levels, BMI, and risk
of overall HF; with risk of developing HFpEF much lower in the
context of higher PA and lower BMI. Current guidelines do not have
specific recommendations for lifestyle modification in HFpEF; how-
ever, the low levels of PA observed in this study and the independent
association between BMI and low PA suggested that specific targeting
of these two factors in the management of HFpEF may be warranted.

Finally, both components of the HADS score appeared to be sig-
nificantly associated with daily average vector magnitude. The HADS
anxiety score showed a positive association, i.e., higher anxiety
scores were associated with higher average daily vector magnitude.
This finding is in contrast to a previous study which found higher
anxiety levels were associated with lower levels of PA>? Possible
explanations include anxiety resulting in patients being less likely to
rest or PA exacerbating HF symptoms and increasing anxiety
amongst patients.

The HADS depression score was negatively associated with PA lev-
els, a finding consistent with some studies of HFpEF patients* but not
all*® Depression can result in lower PA levels through behavioural
(lower adherence to healthy behaviours including PA) and biological
mechanisms (inflammation and endothelial dysfunction precipitating
exercise intolerance).*” In HFpEF, depression is reported to be fairly
common and often goes unrecognized clinically.*® Although the evi-
dence is varied, PA interventions in HFpEF populations should perhaps
include a measure of and active treatment of depression.

It is important to note that the majority of patients in this study
reported low anxiety and depression levels (HADS subscale score
<8) and the effect plots showed high degrees of uncertainty at high
anxiety/depression levels (Supplementary material online, Figure ST).
Therefore, further investigation into the relationship between anxiety
and PA levels based on a larger sample with higher anxiety and
depression levels representative of the general HF population is
warranted. This will also be useful in examining anxiety/depression as
a factor influencing PA levels, and as an outcome of PA interventions
in HF patients.

Strengths and limitations

Most HFpEF research is limited by the societal definition of HFpEF
applied within the study, as they variably enrich for certain character-
istics.*" This research is no different; however, the application of the
2016 European Society of Cardiology guidelines is a strength as
previous studies have employed less precise definitions which may
introduce diagnostic uncertainty and/or even greater heterogeneity.
Although this study assessed a large number of variables, over 50% of
the variance in PA remained unexplained. Further limitations include:
the cross-sectional study design, which precluded inferences of caus-
ality; lack of an external validation cohort to validate the predictive
models derived; and inability to control for seasonal variation in
mean temperature, which can affect daily PA in HF patients.** Finally,
this study used wrist-worn accelerometers instead of hip-worn
devices, which are the more traditional choice in PA research settings
and may be more accurate in measuring PA.*

Despite these limitations, the use of raw acceleration signals rather
than activity counts to measure PA allows our data to be compared
with other studies that use different brands of accelerometers
provided they produce raw acceleration output. Moreover, based on
criteria outlined by Montoye et al,* this study provided high-quality
and complete accelerometer data.

Recently, Dibben et al* have proposed HF-specific accelerometer
intensity thresholds for inactivity and MVPA as people with HF have a
lower resting metabolic rate requiring greater energy expenditure
for equivalent tasks. These thresholds were not applied here as the
HFpEF sample used to determine thresholds was small (n=4)
and the diagnostic criteria unclear; therefore, reporting average daily
vector magnitude was felt to have greater comparable utility.

Conclusion

The older, community-dwelling patients in this study demonstrated
low levels of PA. The most important correlates of PA levels included
past smoking history, gait speed, HFpEF diagnosis, anxiety, BMI, and
depression levels. These factors can be modifiable targets or serve as
a means of identifying patients most in need of PA interventions and
at the highest risk of poor clinical outcomes. In particular, HFpEF
patients appeared to have lower levels of PA compared to patients of
other HF phenotypes and may therefore benefit more from PA inter-
ventions. This study further highlights issues in the non-standardiza-
tion of measuring, reporting, and interpreting activity data,
comparisons across studies are significantly limited by differences in
these methods.

Supplementary material

Supplementary material is available at European Journal of
Cardiovascular Nursing.
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