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ABSTRACT
Aim To assess the effectiveness of a low- cost pragmatic 
intervention (structured education and ongoing text 
message support) to increase daily physical activity in 
participants 12–48 months after a coronary heart disease 
cardiac event (myocardial infarction, angina or acute 
coronary syndrome) diagnosis.
Methods A single- centre randomised controlled trial 
of 291 adults randomised to a structured education 
programme (n=145) or usual care (n=146). The 
programme consisted of two 2.5 hour sessions delivered 
2 weeks apart, followed by supplementary text message 
support. The GENEActiv accelerometer assessed the 
primary outcome at 12 months (change in overall physical 
activity (expressed in milli gravitational (mg) units) from 
baseline). Secondary outcomes included anthropometric, 
physical function, cardiovascular, biochemical and patient- 
reported outcome measures. Linear regression was used 
to compare outcome measures between groups on a 
modified intention- to- treat basis.
Results Participants’ mean age was 66.5±9.7 years, 
84.5% males, 82.5% white British and 15.5% south Asian. 
At 12 months, there was no difference between the groups 
in terms of change in overall physical activity (−0.23 mg 
(95% CI −1.22 to 0.75), p=0.64) and the programme was 
well accepted (88% attendance). Exploratory analyses 
showed that average moderate to vigorous physical 
activity (MVPA) levels increased in individuals not meeting 
physical activity guidelines (≥150 min per week) on 
enrolment compared with those who did, by 8 minutes per 
day (8.04 (95% CI 0.99 to 15.10), p=0.03).
Conclusion The programme was well attended but 
showed no change in physical activity levels. Results 
show high baseline MVPA levels and suggest that Physical 
Activity after Cardiac EventS education may benefit cardiac 
patients not currently meeting activity guidelines.
Trial registration number ISRCTN91163727.

INTRODUCTION
Undertaking regular physical activity is posi-
tively associated with coronary heart disease 

Key questions

What is already known about this subject?
 ► Cardiac rehabilitation is an evidence- based complex 
intervention offered directly after a heart disease di-
agnosis, the intention being to improve modifiable 
risk factors such as cardiovascular risk, physical in-
activity and psychological management to improve 
patients’ quality of life and overall cardiovascular 
mortality. Cardiac rehabilitation uptake in the UK 
is only 50% and support is limited after discharge 
back to primary care, typically after 12 months post 
diagnosis.

What does this study add?
 ► To our knowledge, this is the first trial designed 
to assess the effectiveness of a structured self- 
management group education programme 12–48 
months after a cardiac event diagnosis to increase 
physical activity. The research shows no difference 
between groups for the primary outcome of total 
daily physical activity. However, the Physical Activity 
after Cardiac EventS (PACES) self- management ed-
ucation was very well accepted (88% attendance) 
in this multi- ethnic population and the programme 
was associated with increases in moderate to 
vigorous physical activity (MVPA) levels in cardiac 
patients not currently meeting the physical activi-
ty recommended guidelines (≥150 mins MVPA per 
week). The PACES study recruited a high proportion 
of individuals who had not previously attended any 
form of cardiac rehabilitation.
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(CHD) risk reduction and lower all- cause mortality, high-
lighting its importance in people with CHD.1 2 Cardiac 
rehabilitation is an evidence- based complex interven-
tion offered to those following a cardiovascular event, 
targeting modifiable risk factors to improve patients’ 
quality of life and overall cardiovascular mortality.3 
Cardiac rehabilitation is clinically and cost- effective and 
should be offered to all those eligible to optimise patient 
outcomes.4 5 Cardiac rehabilitation uptake in the UK is 
50% and support for patients is limited after discharge 
to primary care.4 5A systematic review identified centre- 
based cardiac rehabilitation as insufficient for main-
taining physical activity habits,6 however, research is 
limited. Cost- effective strategies to deliver interventions 
promoting self- management of health conditions are 
needed, as regular face- to- face contact with healthcare 
professionals is costly and arduous.7 Evidence highlights 
that more support is needed 1- year post cardiac event to 
complement existing services.

Research suggests the delivery of group- based struc-
tured education targeting lifestyle behaviour change 
is an effective and low- cost method of promoting self- 
management of clinical conditions.8 This evidence, 
together with the increasing use of sophisticated mobile 
technologies and text messaging research, which have 
been shown to increase physical function, physical activity, 
medication adherence and improve cardiovascular risk 
factors, could be a beneficial combined support platform 
in CHD populations.9–11

The PACES study aimed to develop and assess the effec-
tiveness of a low- cost pragmatic intervention (structured 
education and text message support) to increase daily 
physical activity in participants 12–48 months post diag-
nosis of a cardiac event.

METHODS
Study design
A single- centre RCT with two parallel arms, the protocol 
has been previously described.7

Participants
Participants were recruited from the University Hospitals 
of Leicester National Health Service (NHS) Trust Cardi-
ology Department and Phase Four community cardiac 
rehabilitation providers between March 2017 and March 
2018 (recruitment target reached). Eligible participants 
were aged ≥18 years, 12–48 months after a CHD cardiac 
event diagnosis (myocardial infarction, angina, acute 

coronary syndrome (ACS)), had mobile phone access, 
willing to allow their general practitioner (GP) notifica-
tion of study participation and medical records access 
(study purposes), willing to attend education sessions 
and able to speak and read English. Potential participants 
were screened both via telephone and in the baseline 
assessment to ensure the exclusion criteria was not met 
(diagnosis of heart failure where the underlying primary 
cause was not myocardial disease as a result of atheroscle-
rosis, any unstable symptoms (chest pain or breathlessness 
at rest; unstable stage II hypertension (160/100 mm Hg), 
not on necessary medications), poor exercise capacity 
(<120 m on incremental shuttle walk test (ISWT)),12 
participating in another study, a severe life threatening 
comorbidity, housebound/immobile or musculoskeletal 
limitations that limit physical activity). If deemed eligible, 
informed consent was obtained (figure 1).

Randomisation and masking
On successful completion of visit 1 (baseline), partici-
pants were randomly allocated, using a 1:1 block design, 
stratified by gender (men; women) and ethnicity (White 
European; other), to receive either standard manage-
ment in primary care (control) or to attend group- based 

Figure 1 PACES study flow diagram. CHD, coronary 
heart disease; ISWT, incremental shuttle walk test; PACES, 
Physical Activity after Cardiac EventS.

Key questions

How might this impact on clinical practice?
 ► Results suggest that structured self- management education pro-
grammes could be an option offered in parallel with cardiac reha-
bilitation; to capture those individuals not attending or implemented 
upon discharge back to normal care (12 months) to compliment 
current cardiac rehabilitation service provision.
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structured education with text message support (inter-
vention). An independent statistician developed the 
randomisation schedule and an independent researcher 
undertook randomisation allocation. Participants 
were informed of their randomisation allocation after 
attending visit 1. Research nurses undertaking data 
collection and the staff processing accelerometer data 
were unaware of the randomisation outcome.

Study groups
Control group: Participants were provided with general 
health advice (British Heart Foundation (BHF) informa-
tion leaflet ‘Put Your Heart into Walking’13 after visit 1, 
and returned to their GP's standard care.

Intervention group: Participants received the BHF 
leaflet and were invited to attend the PACES educa-
tion programme which comprised two group- based 
structured education sessions, developed via extensive 
patient and public involvement (see protocol paper for 
details).7 The sessions were two and a half hours in dura-
tion and delivered approximately 2 weeks apart by two 
trained facilitators. A facilitative style of delivery encour-
aged participation through reflective questioning and 
problem- solving activities promoted engagement and 
built self- efficacy. The programme content was under-
pinned by an integrated theoretical framework concen-
trating on the adoption and maintenance of an active 
lifestyle by increasing daily walking.

Education session attendees subsequently received 
physical activity related motivational reinforcement 
text messages. Participants received 82 non- interactive 
messages at different weekly frequencies. The text 
message support used was a validated package of specif-
ically designed messages effective in the prevention of 
recurrent cardiovascular events.9 14

Outcome measures
Measurements were obtained at baseline, 6 months 
(postal assessment of objectively measured physical 
behaviours and questionnaires only) and 12 months. 
Demographic and medical history data were recorded. 
For details of the measurement of secondary outcomes, 
see protocol.7

Objectively measured physical behaviours
Change in overall daily physical activity (average accelera-
tion measured in mg) from baseline to 12 months was the 
primary outcome, collected at all three time points using 
a wrist worn triaxial accelerometer (GENEActiv model 
1.1, ActivInsights, Cambridgeshire, UK). Participants 
were given the GENEActiv accelerometer when they 
attended the data collection session and asked to wear 
it on their non- dominant wrist for the following eight 
consecutive days (24 hours) after which they returned it 
to the research team in a prepaid envelope. Participants 
completed a wear- time diary and sleep log. Configuration 
of the GENEActiv ensured data were collected at 100 Hz.

Physical function measurement
The ISWT was used as a screening tool and outcome 
measure. It is regularly used in cardiac rehabilitation and 
reflects walking ability, an important measure of daily 
living.12

Pathology Samples
Venous blood samples were obtained (full lipid profile 
and glycated haemoglobin (HbA1c)) and analysed in 
University Hospitals of Leicester NHS Trust accredited 
laboratories.

Questionnaire Data
The following validated questionnaires were adminis-
tered at all three assessments: Recent Physical Activity 
Questionnaire, which explores day- to- day physical activity 
levels in the past 4 weeks15; Hospital Anxiety and Depres-
sion Scale, administered to measure anxiety and depres-
sion symptoms16; EuroQoL- 5 Dimension- 5 Level health 
status measurement tool, which assesses health- related 
quality of life17; Jenkins self- efficacy scale, which meas-
ures ability to continue exercising when faced with nine 
different barriers to exercise18; MacNew Heart Disease 
health- related quality of life questionnaire which meas-
ures how CHD affects emotional, physical and social 
functioning along with daily activity.19

Sample size
In order to detect a minimum clinically significant differ-
ence in overall daily physical activity (average accelera-
tion) of 2.1 mg in change from baseline to 12 months, 
(estimated to be equivalent to an increase of approxi-
mately 30 min of light walking at 4 km/hour), assuming 
a SD of 5.3 mg,20 a power of 80% and significance level 
of 5%, the sample size required was 202 participants. To 
allow for 20% loss to follow- up and 10% non- compliance 
of the GENEActiv, 290 participants were required.

Data analysis
A statistical analysis plan was agreed prior to data analysis. 
Baseline characteristics were summarised by intervention 
arm. Continuous variables were expressed as mean values 
(SD), or median values (with lower and upper quartiles) 
where appropriate. Categorical variables were expressed 
as number (percentage). Data were checked for para-
metric assumptions.

Primary outcome data processing and analysis
A complete case population (ie, those with complete data 
for the primary outcome and stratification factors) was 
used for the primary analysis, retaining randomisation 
(ie, a modified intention- to- treat analysis).

The accelerometer data were downloaded and 
processed ahead of analysis with R- package GGIR V.1.9 
(http:// cran. r- project. org).21 Autocalibration was 
undertaken using local gravity as a reference, direc-
tion of sustained abnormally high values, calculation of 
the average resultant vector magnitude, corrected for 
gravity and expressed as Euclidean Norm Minus One in 

http://cran.r-project.org
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mg averaged over 5 s epochs. Files were excluded from 
analyses if post calibration error was greater than 0.01 g 
or fewer than 4 days of 16 hours of monitor wear time. 
Non- wear was estimated based on the SD and value range 
of each axis, calculated for 60 min windows with 15 min 
moving increments. If for at least two of the three axes the 
SD was less than 13 mg or the value range was less than 50 
mg the time window was classified as non- wear. Outcomes 
included overall physical activity, moderate to vigorous 
physical activity (MVPA)) accrued in 1 min bouts, inten-
sity of the most active continuous 30 min per day (mg), 
daily MVPA (>100 mg) accrued in 1 min bouts,22 seden-
tary time (<40 mg, excluding sleep), and sleep duration. 
Estimation of time spent sleeping was guided by the sleep 
log and excluded waking periods in the night.

Primary outcome data were compared using linear 
regression with a binary indicator for randomisation 
group as the explanatory variable, terms for stratifica-
tion factors (gender and ethnicity) as confounders and 
adjustment for change from baseline in accelerometer 
wear time and baseline overall daily physical activity. This 
included participants who had worn the accelerometer 
for at least four valid days. A sensitivity analysis was carried 
out on a full intention- to- treat (using multiple imputa-
tion) and per- protocol basis (defined as participants who 
attended at least one PACES education session, with those 
who attended less excluded from the intervention arm). 
The multiple imputation model included overall physical 
activity at 12 months, intervention group, stratification 
factors (sex and ethnicity) and overall physical activity at 
baseline. Rubin’s formula was used to combine the param-
eter estimates and standard errors from 100 imputations 
into a single set of results.23 Interactions were fitted in 
the primary analysis between intervention arm and age, 
sex, ethnicity and ISWT distance to assess whether the 
treatment effect differed by these groups. Secondary 
outcomes were analysed using similar methods, with an 
appropriate model selected dependent on the outcome 
distribution.

Further exploratory analyses were undertaken to 
describe the results observed. Intervention participants 
were stratified into those not meeting current MVPA 
guidelines (<150 min per week) on recruitment versus 
those who were (≥150 min per week). These analyses 
were not prespecified and should be viewed as hypothesis 
generating. Changes in physical activity measures were 
compared between these groups using linear regression 
adjusted for average wear time.

Statistical significance for main effects were assessed at 
the 5% level with 95% CIs, interactions were assessed at 
10% level, all p values are two sided.

RESULTS
Participant characteristics
Figure 1 shows 2943 patients invited with 618 (21%) 
expressing an interest and receiving telephone eligi-
bility screening. Of these, 337 patients gave consent and 

undertook screening in clinic, with 291 participants iden-
tified as eligible and randomised. Eighty- eight per cent of 
intervention participants (n=127) attended a minimum 
of one education session with 83% (n=120) attending 
both. Withdrawal from the text message support package 
was low (n=9).

The mean duration since the participant's cardiac 
event was 29.0±9.3 months. Mean age was 66.5±9.7 years, 
84.5% were males, 77% previously attended cardiac 
rehabilitation, 82.5% white European and 15.5% south 
Asian ethnicity. At baseline mean body mass index (BMI) 
and body weight were 29.1±4.3 kg.m2 and 83.6±15.1 kg, 
respectively (table 1). Overall the groups were compa-
rable for all key variables.

Primary outcome
Complete case analysis, found no significant difference 
between the control and intervention groups for change 
in overall daily physical activity (mg) at 12 months (diff 
−0.23; 95% CI −1.22 to 0.75; p=0.642). This was confirmed 
in the sensitivity analyses for both intention- to- treat and 
per protocol (table 2). Subgroup analysis showed no 
significant differences between the control and interven-
tion groups in the primary outcome for age, sex, ethnicity 
and ISWT distance (online supplemental figure 1).

Secondary outcomes
Physical activity measures from accelerometer data, self- 
reported physical activity, clinical measures and patient- 
reported outcomes showed no difference between groups 
(online supplemental tables 1–4) apart from a significant 
reduction in self- reported sedentary time (≤1.5 meta-
bolic equivalents (METs)) at 6 months and 12 months 
(expressed as hours per day) favouring the intervention 
group (online supplemental table 3).

Exploratory analysis
Exploratory analyses investigated change from baseline 
in physical activity measures in the intervention group 
participants not meeting MVPA guidelines (<150 min 
weekly) on recruitment versus those who did (≥150 min 
weekly). A statistically significant difference in MVPA 
bouts was seen, favouring those not meeting the guide-
lines by 8.0 min per day (56.3 min weekly) compared with 
those meeting the guidelines (table 3).

Adverse events
Seven serious adverse events were reported, none of 
which related directly to the intervention. Two adverse 
events were reported as possibly related (online supple-
mental table 5).

DISCUSSION
The PACES intervention programme was not associ-
ated with an improvement in overall PA. However, the 
programme’s uptake and completion rates were very 
high, with 23% of those attending not having previously 
received any form of cardiac rehabilitation post cardiac 

https://dx.doi.org/10.1136/openhrt-2020-001351
https://dx.doi.org/10.1136/openhrt-2020-001351
https://dx.doi.org/10.1136/openhrt-2020-001351
https://dx.doi.org/10.1136/openhrt-2020-001351
https://dx.doi.org/10.1136/openhrt-2020-001351
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Table 1 Baseline characteristics by randomised groups; usual practice (control) verses structured education (intervention)

Characteristics
Control
n=146

Intervention
n=145

Total
n=291

Demographic measurements

Age (years) 66.6 (10.2) 66.48 (9.2) 66.5 (9.7)

Gender

  Male, n (%) 124 (85) 122 (84) 246 (84)

Ethnicity

  White British, n (%) 121 (83) 119 (82) 240 (82)

  South Asian, n (%) 22 (15) 23 (16) 45 (16)

  Others, n (%) 3 (2) 3 (2) 6 (2)

Smoking status

  Current smoker, n (%) 5 (3) 8 (5) 13 (4)

  Former smoker, n (%) 82 (56) 64 (44) 146 (50)

  Never smoked, n (%) 56 (38) 70 (48) 126 (43)

Alcohol intake (yes), n (%) 93 (64) 87 (61) 180 (63)

Employment status

  Employed, n (%) 51 (35) 53 (37) 104 (36)

  Unemployed, n (%) 5 (3) 3 (2) 8 (3)

  Retired, n (%) 90 (62) 88 (61) 178 (61)

Anthropometric measurements

Body weight (kg) 83.5 (14.0) 83.8 (16.1) 83.6 (15.1)

Body mass Index (kg/m2) 28.8 (4.0) 29.3 (4.7) 29.1 (4.3)

Waist (cm) 100.6 (11.5) 101.5 (11.8) 101.1 (11.6)

Hip (cm) 104.3 (8.5) 104.8 (8.3) 104.6 (8.4)

Waist to hip ratio (cm) 0.96 (0.1) 0.96 (0.1) 0.96 (0.1)

Cardiovascular measurements

Systolic blood pressure (mm Hg) 125 (15.6) 126 (16.2) 126 (15.8)

Diastolic blood pressure (mm Hg) 71 (10.2) 72 (11.3) 72 (10.7)

Heart rate (bpm) 61 (9.7) 60 (8.6) 60 (9.1)

Biomedical measurements

Total cholesterol (mmol/L) 4.0 (0.9) 4.0 (0.9) 4.0 (0.9)

Triglycerides (mmol/L)) 1.6 (0.9) 1.6 (0.8) 1.6 (0.8)

HDL- C (mmol/L) 1.3 (0.3) 1.3 (0.3) 1.3 (0.3)

LDL- C (mmol/L) 2.0 (0.8) 2.0 (0.7) 2.0 (0.7)

Total cholesterol- HDL ratio (mmol/L) 3.3 (0.9) 3.2 (0.8) 3.2 (0.9)

HbA1c (%) 6.0 (0.9) 6.1 (0.9) 6.0 (0.9)

HbA1c (mmol/mol) 42 (9.4) 43 (9.8) 43 (9.6)

Accelerometer variables

Daily average acceleration (mg) 24.0 (8.0) 23.3 (6.8) 23.6 (7.4)

Av acceleration for most active 30 mins (mg) 77.7 (62.0) 70.0 (28.3) 73.8 (48.1)

MVPA 1 min bout (mins) 29.7 (23.9) 29.1 (26.3) 29.4 (25.1)

Sedentary/inactive timer per day (mins) 760 (103) 764 (101) 762 (102)

Sleep duration per night (mins) 374 (71) 373 (72) 374 (72)

No of valid activity days 6.9 (0.5) 6.9 (0.4) 6.9 (0.5)

Medical history

T2DM, n (%) 26 (18) 26 (18) 52 (18)

Continued
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event. On average 54% of participants were surpassing 
weekly physical activity guidelines at baseline by ~56 
MVPA minutes weekly (37% greater). Exploratory anal-
ysis suggests individuals not meeting the physical activity 
guidelines at baseline, displayed a superior response to 
the PACES programme, by increasing MVPA.

Overall mean activity levels displayed a small increase at 
6 months and a slight reduction at 12 months, although 
non- significant. Physical activity guidelines recommend 
adults should perform 150 MVPA minutes weekly.4 At 
baseline participants performed on average 206 MVPA 
minutes, suggesting that the capacity for benefit was 
limited in this group and likely explaining the lack of 
intervention- induced improvements. A recent systematic 
review suggests that a higher proportion of individuals 
who have attended cardiac rehabilitation are classed as 
physically active when compared with non- attendees24; 
this potentially explains why the current study elicits high 
MVPA levels. Seventy- seven percent of the PACES partic-
ipants had previously attended cardiac rehabilitation, 
which is 27% and 14% higher than the average atten-
dance nationally (50%) and locally (63%).4 24 Capturing 
a high proportion of individuals who had attended 

cardiac rehabilitation may have contributed to the 
minimal change in physical activity observed due to high 
baseline activity levels. Furthermore, as participation bias 
is common in physical activity research25 some physical 
activity or health- related selection bias may have been 
introduced, resulting in a more active, healthy and medi-
cally well- managed sample with respect to the typical 
population. Recruiting an already active group who have 
adopted the necessary lifestyle changes recommended 
to self- manage their cardiac condition limits the poten-
tial lifestyle changes promoted by the PACES education 
programme. This notion is supported by the relatively 
low low- density lipoprotein cholesterol (LDL- C) values, 
number of non- smokers and average age of the recruited 
sample. These factors, combined with the duration since 
cardiac event (12–48 months) and the high previous 
attendance at cardiac rehabilitation (77%) may have 
meant that the sample were largely too active and healthy 
to achieve any significant intervention- induced improve-
ment in physical activity levels.

In further support of this theory, individuals in the 
intervention group not meeting physical activity guide-
lines at baseline displayed an improvement in MVPA 

Characteristics
Control
n=146

Intervention
n=145

Total
n=291

Hypertension, n (%) 48 (33) 66 (46) 114 (40)

Myocardial Infarction, n (%) 89 (61) 92 (63) 181 (62)

Incremental shuttle walk test

ISWT distance (m) 324 (149) 330 (133) 327 (141)

Missing data: 6 smoking status; 4 alcohol; 1 employment status; 1 waist- to- hip ratio; 4 total cholesterol; 4 HDL cholesterol; 5 LDL 
cholesterol; 8 HbA1c; 8 overall accelerometer variables; 0 all other variables.
There were no statistically significant differences between the two arms for all characteristics.
Data given as mean (SD) unless stated.
HDL- C, high- density lipoprotein cholesterol; ISWT, incremental shuttle walk test; LDL- C, low- density lipoprotein cholesterol ; MVPA, 
moderate to vigorous intensity physical activity; T2DM, type 2 diabetes mellitus.

Table 1 Continued

Table 2 Changes in overall physical activity for 4 valid days of wearing accelerometer at 12- month follow- up between 
participants randomised to usual practice (control) or to structured education (intervention)

No of participants
Mean change from 
baseline

Adjusted difference at follow- 
up*

Control
(n=146)

Intervention
(n=145) Control Intervention Coefficient (95% CI) P value

Complete case analysis†

Overall physical activity (mg/day) 130 115 −0.28 −0.38 −0.23 (−1.22 to 0.75) 0.642

Intention to treat analysis‡

Overall physical activity (mg/day) 146 145 −0.28 −0.41 −0.25 (−1.23 to 0.74) 0.622

Per protocol analysis§

Overall physical activity (mg/day) 130 103 −0.28 −0.29 −0.16 (−1.18 to 0.86) 0.759

*Adjusted for stratification factors: sex and ethnicity; change from baseline in accelerometer wear time and baseline value of outcome.
†Participants with missing outcome data or missing variables required for the model adjustment were excluded.
‡Missing data imputed using multiple imputation.
§Participants who did not engage with at least one group session of the programme have been excluded from the intervention arm.
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compared with those meeting the guidelines in the 
non- prespecified exploratory analysis (table 3). MVPA 
improved in this group by 2.24 min per day by 12 months 
(~16 MVPA minutes weekly), a 23% increase from base-
line. A minimum clinically important difference in MVPA 
in a clinical population has been reported between 8 
and 26 min weekly.26 This increase with the reduction in 
the group achieving the guidelines suggests the PACES 
programme may benefit a less active cardiac popula-
tion. For instance, a previous study that investigated a 
similar intervention (though also including four super-
vised exercise sessions) in an older cohort of patients (76 
years) with reduced physical performance only 1- month 
post hospitalisation for ACS, found a significant improve-
ment in measures of physical function.27 This highlights 
the importance of identifying those at greatest need (ie, 
those with reduced physical activity or function) prior to 
undertaking physical activity interventions. This previous 
study also found improved quality of life scores in the 
intervention group, while no change in quality of life was 
observed here. As cardiac rehabilitation tends to improve 
quality of life, which is in part mediated by increased 
physical activity levels,28 it is possible that, as with physical 
activity, baseline quality of life levels were too high in the 
group studied here, thus limiting the capacity for benefit.

Several participants (23%) had not previously attended 
cardiac rehabilitation; potentially indicating that struc-
tured self- management education in these individ-
uals is preferred to cardiac rehabilitation pathways 
currently offered (supervised exercise/online support).4 

Alternatively, this may suggest that some patients are 
not ready to make physical activity lifestyle modifica-
tions directly after their cardiac event, needing the 
additional support 12–48 months later. At this point, 
patients have been discharged back to usual care with 
limited cardiac support available. This could suggest 
that self- management education, similar to the PACES 
programme, could complement current cardiac reha-
bilitation services capturing non- attendees 12 months 
post cardiac event diagnosis. This finding and the indi-
cation that PACES education improves MVPA levels in 
participants not achieving physical activity guidelines 
could support emerging research suggesting a more 
tailored cardiac care approach is needed.29 Stratification 
of individuals to the most relevant services could create 
a more person- centred care approach to their disease 
management.29

The characteristics of PACES study participants and 
cardiac rehabilitation attendees are comparable (national 
audit of cardiac rehabilitation (NACR) report (a large 
representative UK cardiac rehabilitation database)). 
PACES participants were on average 66 years old, with 
a 29 kg/m2 BMI, 84.5% were male, 82.5% white British 
and 15.5% south Asian ethnicity.4 Notable differences 
include a higher proportion of South Asian individuals 
(10.5% greater) and males (14.2% greater) recruited to 
PACES than reported by NACR, although ethnicity did 
not impact on the study findings.4 Cardiac rehabilita-
tion’s reported dropout rate is 20%–30% (~24%)4; only 
12% did not complete the PACES education programme, 

Table 3 Exploratory analysis to investigate the change in physical activity stratified by baseline MVPA <150 min/week (low 
activity) versus MVPA  ≥ 150  min/week (high activity) in the intervention group participants

Mean change from baseline
Adjusted difference for mean 
change from baseline*

P value
MVPA ≥150 mins/wk 
(n=75)

MVPA <150 mins/
wk (n=68) Coefficient (95% CI)

Overall physical activity (mg/day) −0.74 0.07 0.83 (−0.68 to 2.34) 0.279

  Mean at baseline 27.23 18.88

  Mean at 12 months 25.91 18.9

Intensity of the most active 30 mins (mg/day) −5.52 2.42 7.91 (−1.53 to 17.36) 0.1

  Mean at baseline 86.28 51.93

  Mean at 12 months 79.75 54.76

MVPA (1 min bouts) (mins/day) −5.6 2.24 8.04 (0.99 to 15.10) 0.026

  Mean at baseline 46.67 9.63

  Mean at 12 months 40.51 11.72

Sedentary/inactive time per day (min) 1.82 13.02 11.77 (−21.44 to 44.98) 0.484

  Mean at baseline 729.65 802.57

  Mean at 12 months 734.55 802.44

Sleep duration per night (mins) −0.9 −13.15 −14.03 (−34.48 to 6.42) 0.177

  Mean at baseline 370.17 376.4

  Mean at 12 months 370.66 371.63

*Adjusted for change from baseline in accelerometer wear time. Reference group: MVPA ≥150.
MVPA, Moderate to vigorous physical activity based on the 1 min bout baseline data.
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potentially attributable to a shorter programme. Struc-
tured self- management education is common practice 
in the prevention and management of chronic diseases; 
previous research in a diabetes population reports 8% 
uptake and 19.5% attendance at such programmes.30 31 
PACES displayed a 21% positive response rate to study 
participation, with 88% of intervention participants 
completing the education programme and 90% (261) 
of the total sample completing the 12- month follow- up. 
Completion rates for the cardiac rehabilitation core 
component is 76%, with 63% attending both the core 
component and final assessment.4 These attendance 
figures are significantly greater than what is typically 
reported.4 30 31 This high uptake, high retention and 
positive feedback could indicate that structured self- 
management with text messaging support is well received 
in a cardiac population and considered important 12–48 
months post surgery when specialist cardiac support is no 
longer readily available.

Study strengths include objectively measured physical 
activity, a multi- ethnic population, high retention and 
follow- up rates. Since the protocol conception and close 
of recruitment, the research field has evolved and data 
now suggest that smaller levels of physical activity are 
clinically meaningful. A change in 500 steps per day is 
consistent with a change in daily average acceleration 
of approximately 0.9 mg which is now deemed clinically 
important; the study would, therefore, be underpowered 
to detect such small improvements.32 Limitations may 
comprise the physical activity ISWT exclusion criterion 
which meant potentially excluding the most inactive 
individuals (ISWT included for safety purposes) and the 
single- centre study design. Future research should assess 
structured self- management education programmes for 
increasing physical activity in an inactive population, 
screening out individuals already meeting physical activity 
guidelines and target physical activity maintenance for 
those already active. Similarly, translating this approach 
to more recently after a cardiac event may increase the 
likelihood of efficacy by supporting patients to make 
lifestyle changes during the rehabilitation period, or by 
capturing those who do not attend cardiac rehabilitation 
(~50% nationally).

In conclusion, the PACES study recruited an already 
well managed clinical group whose mean baseline phys-
ical activity level surpassed the national physical activity 
guidelines, possibly explaining why attending the 
programme did not appear to benefit physical activity.22 
Results suggest that PACES education may be more bene-
ficial for a less active cardiac population. This, with the 
high uptake, retention rates and recruitment of a large 
proportion of individuals who had not previously taken 
part in cardiac rehabilitation, suggests support is needed 
12–48 months after a cardiac condition diagnosis.
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