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ABSTRACT

Context Long-term adherence to physical activity (PA)
interventions is challenging. The Lifestyle-integrated
Functional Exercise programmes were adapted Lifestyle-
integrated Functional Exercise (aLiFE) to include

more challenging activities and a behavioural change
framework, and then enhanced Lifestyle-integrated
Functional Exercise (eLiFE) to be delivered using
smartphones and smartwatches.

Objectives To (1) compare adherence measures, (2)
identify determinants of adherence and (3) assess the
impact on outcome measures of a lifestyle-integrated
programme.

Design, setting and participants A multicentre,
feasibility randomised controlled trial including participants
aged 61-70 years conducted in three European cities.
Interventions Six-month trainer-supported aLiFE or eLiFE
compared with a control group, which received written PA
advice.

Outcome measures Self-reporting adherence per month
using a single question and after 6-month intervention
using the Exercise Adherence Rating Scale (EARS, score
range 6—24). Treatment outcomes included function

and disability scores (measured using the Late-Life
Function and Disability Index) and sensor-derived physical
behaviour complexity measure. Determinants of adherence
(EARS score) were identified using linear multivariate
analysis. Linear regression estimated the association of
adherence on treatment outcome.

Results We included 120 participants randomised to the
intervention groups (aLiFE/eLiFE) (66.3+2.3 years, 53%
women). The 106 participants reassessed after 6 months
had a mean EARS score of 16.0+5.1. Better adherence
was associated with lower number of medications taken,
lower depression and lower risk of functional decline. We
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Strengths and limitations of this study

= Our study includes data from a three-arm, three-
site, international research study, thus eliminating
cultural bias towards the intervention.

= Adherence was defined a priori better to capture in-
tervention impact.

= A complier average causal effect analysis was not
possible; therefore, association between adher-
ence and outcome could only be established, not
causation.

= A comprehensive collection of adherence data was
included, both as a single question reported monthly
throughout the study period as well as a question-
naire at the assessments at 6 and 12 months.

= The monthly measurement of adherence may have
acted as a prompt to complete planned activities,
although this would be common across all interven-
tion groups and participants.

behavioural complexity by 0.008 per 1.0 point higher
EARS score (F(3,91)=3.55, p=0.017) regardless of group
allocation.

Conclusion PA adherence was associated with better
lower extremity function and physical behavioural
complexity. Barriers to adherence should be addressed
preintervention to enhance intervention efficacy. Further
research is needed to unravel the impact of behaviour
change techniques embedded into technology-delivered
activity interventions on adherence.

Trial registration number NCT03065088.

Correspondence to estimated adherence to significantly increase basic lower BACKGROUND
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considered the gold standard for allowing causal infer-
ence to be made regarding the efficacy of a treatment.
However, the reality is that the participants’ adherence to
treatment is typically imperfect. The actual intervention
effect can only be evaluated accurately if adherence levels
are high. Thus, conclusions on treatment effects of an
exercise intervention will only be valid if the adherence
levels to the protocol are evaluated,' ® with several studies
reporting poor adherence rates among the study popu-
lation to mediate the lack of treatment effect.” Further
disentangling treatment (eg, type of delivery mode) and
exercise effect (eg, type of exercise) on outcomes is essen-
tial when promoting benefits achieved through exercise
interventions.

The World Health Organization (WHO) defines
adherence as the ‘extent to which a person’s behaviour
corresponds with the recommendations from a health-
care provider’,* and it involves an active choice from the
participants to follow through and to take responsibility
for their well-being. In pharmaceutical trials, the inter-
vention is ‘unidimensional’ and is based on patients
taking the required dose, which can be monitored using
bioanalytical methods. Interventions involving exercise
and physical activity (PA) are more complex and ‘multi-
dimensional’, as, for example, variance in daily form/
fitness or required training effect influences the intensity
required to maintain a specific training dose.

To date, there is no consensus regarding which adher-
ence measurement tool should be used, nor when and
how adherence should be measured.”” Besides the
difficulty of recording adherence rates, achieving suffi-
ciently high adherence is challenging. High adher-
ence is frequently documented in the early stages of an
exercise intervention, regardless of delivery mode and
exact definition used.”® In contrast, long-term inter-
vention adherence can be as low as 30%,” with activity
levels reverting to preintervention levels following the
intervention period. Integrating tailored activities into
daily life helps achieve longer-term adherence levels
than a structured programme, where exercise is segre-
gated from daily routines.® While this delivery method
is gaining in popularity,” there is limited knowledge on
how to assess adherence to a lifestyle-integrated activity
programme. Furthermore, a recent systematic review
showed that interventions that used telecommunica-
tion, as well as those offering lifestyle-integrated exer-
cise interventions, have appeared most promising for
maintaining adherence.” Despite this, interventions that
specifically targeted adherence do not affect balance or
gait parameters.

Adherence to exercise appears to be influenced by
socioeconomic status, health, physical function, motiva-
tion and other psychological variables.'”"! Understanding
which factors influence young older adults (60-70 years
old) to adhere to lifestyle-integrated exercises is essen-
tial for future intervention success.” Modifiable factors
that influence adherence need to be identified, ideally
pretreatment, in order to influence treatment effect.

This paper reports a priori secondary analysis of the
PreventIT randomised controlled feasibility trial data to
investigate factors influencing adherence to a person-
alised lifestyle-integrated exercise intervention offered to
young older adults, with the intention to prevent accel-
erated functional decline. Here, adherence is defined
as participants completing all their planned lifestyle-
integrated activities into daily life, as described further.
Further, adherence was hypothesised to be a treatment-
effect modifier which needs to be analysed within the
intervention groups. The current, a priori analysis, based
on adherence levels is thus warranted. It may have greater
clinical relevance, be more indicative of the provided
treatment effect,' aid future improvements of the inter-
vention programme and guide implementation into
practice.

Aims

The aims of this analysis were to (1) assess whether
measuring adherence monthly prospectively, and retro-
spectively every 6months, yields the same results; (2)
identify baseline characteristics that determine adher-
ence levels; and (3) estimate the association of adher-
ence to a lifestyle-integrated intervention on primary
and secondary outcome measures (functional ability and
behavioural complexity) in young older adults.

METHODS

Design

This a priori analysis is part of a large-scale multicentre
RCT, PreventIT (Clinical trial NCT03065088), analysing
the impact of a 6-month active intervention period within
a 12-month trial. PreventIT, a personalised behavioural
change exercise intervention for young older adults, was
developed to prevent accelerated functional decline. The
detailed protocol™ and results of the feasibility analysis,
including an estimate of change for the primary outcome
measures, have been published elsewhere.'

Participants

The trial sample for this preplanned analysis includes the
intervention group participants from the two treatment
modes (n=120). Participants were invited to participate
if they were aged 61-70 years, retired or working part-
time, community dwelling and able to walk 500m without
a walking aid. Exclusion criteria included participation
in an exercise class (>1/week) or undertaking moderate-
intensity PA (=150 min/week).

Intervention

Participants received tailored exercises at an individual
level and learnt to integrate these into everyday situations.
The same activity framework was applied in both inter-
vention arms and was delivered in two different modes:
via paper—pen manuals (adapted Lifestyle-integrated
Functional Exercise (alLiFE)) or via a mobile health appli-
cation system (enhanced Lifestyle-integrated Functional
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Exercise (eLiFE)). Participants received between one and
six home visits, depending on group allocation, from an
exercise physiologist/scientist or physiotherapist across
6months during which the exercise programme was
taught and supported, with the intention for participants
to learn to progress their exercises independently. The
programme consisted of strategies to (1) improve balance,
(2) increase muscle strength, and (3) reduce sedentari-
ness and increase PA. The concept, based on the Lifestyle-
integrated Functional Exercise (LiFE) programme,® has
been adapted to young older adults to be more chal-
lenging" and is underpinned by a behavioural change
framework to support older adults to form long-term PA
habits. PreventIT has taken the original LiFE concept
and further developed the behaviour change elements,
explicitly mapping them to social cognitive theory, habit
formation theory, and 30 behaviour change techniques
(BCTs).'® Goal setting, planning, prompts and real-time
feedback are used to deliver a person-centred experience.
The full interventions details have been published."”

Participants received their randomly allocated inter-
vention during the first 6 months (active period) of the
programme and were then encouraged to keep up their
programme (passive period) independently for another
6months. Here, an analysis of the first 6-month active
intervention period is presented.

For context, control group participants received
general WHO advice on the benefits of PA but no tailored
exercise programme. Therefore, an exercise adherence
analysis was not relevant for this group.

Exercise adherence was encouraged in general for all
participants, and the participants were provided with
adherence logs to document their activity. No incentives
or additional adherence promotion was provided to the
participants within the PreventIT trial.

Outcome measures

Participants underwent a comprehensive assessment by
an assessor blinded to group allocation at baseline, after
a 6-month active and a further 6-month passive interven-
tion period.

Adherence measures
Adherence was collected using two methods in this trial.

Exercise Adherence Rating Scale (EARS) at post-test and follow-up
The EARS' was completed by participants during
follow-up as an objective, reliable and validated self-
report measure of adherence to planned (exercise)
activities. EARS consists of 16 questions, each answered
on a 5-point Likert-scale (scored 0-4), identifying how
strongly the participant agrees/disagrees with each state-
ment. Six questions capture the level of adherence, while
10 questions address facilitators or barriers of adherence.
A higher score indicates better adherence; however, a
predefined cut-off point for adequate adherence does not
exist. Adherence is frequently dichotomised, based on an
arbitrary cut-off; however, adherence with an ongoing

complex treatment is variable, and analysing adherence
. . . . 18
as a continuous or ordinal variable is warranted.

Monthly reports of adherence

Every month, participants were asked to report on a
single-page questionnaire by ticking one of seven options,
whether they had completed their planned activities
‘yes—more than planned’, ‘yes—as much as planned’,
‘yes— but not as much as planned’ or ‘no—not at all’
because (1) ‘they did not feel well’, (2) ‘they forgot’, (3)
‘they did not like the activities’ or (4) ‘they did not have
time’. Response to the single question was possible via
email or postcard, where each month of reporting was
summarised as full adherence (responded positively and
‘more than or as much as planned’), partial adherence
(responded positively and ‘but not as much as planned’)
or non-adherence (not at all, regardless of reason). Data
from participants who provided four or more responses
during the 6-month intervention and follow-up period
were included in the analysis. The validity of this novel
method of assessing adherence was tested within the
PreventIT feasibility trial."*

Treatment outcome measures

The trial included two primary outcome measures':
subjective health rating using the Late-Life Function
and Disability Index (LLFDI) ' and PA measure using a
behavioural complexity metric.”

The LLFDI is a comprehensive questionnaire assessing
function (ability to perform specific activities of daily
living) and disability (inability to take part in major life
tasks and social roles) for use in community-dwelling
older adults."*

The behavioural complexity metric was derived from
a 7-day consecutive PA monitoring period and assessed
in the domains of daily PA and social participation. A
three-axis logging accelerometer (https://axivity.com/
product/ax3) attached to participants’ lower back (using
adhesive tape) represented physical behaviours as time
series embedding activity characteristics (ie, type, dura-
tion, intensity and dynamics of transitions between activi-
ties).”” * The concept of behavioural complexity, initially
developed to assess physical behaviour in patients with
chronic pain,”* was further developed in the PreventIT
trial using novel computational complexity methods and
the relationship of complexity metrics with additional
clinical scores/outcomes, such as fear of falling, and func-
tional balance and mobility performance preinterven-
tion and postintervention.”” * The value of behavioural
complexity metric ranges from a minimal value of 0.1
for very impaired frail older people to a maximal value
of around 0.7 for highly active subjects. For context,
published data for well-functioning older adults indicated
a value of 0.40+0.07 (meantSD) for fully confident older
adults without fear of falling and 0.30+0.06 for those
active but less confident in their ability.*’

Additional outcome measures included general health
and function, medication use, neuropsychological
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Table 1 Demographics

aLiFE eLiFE
n=59 n=61

Age (years), mean (SD) 66.19 (2.32) 66.43 (2.33)
Gender (female), n (%) 30 (50.8) 33 (54.1)
Living alone, n (%) 21 (36.7) 18 (29.5)
Pain during rest (0-10), median (IQR) 1.0 (1.0-3.0) 1.0 (1.0-3.0)
Pain during walking (0-10), mean (SD) 2.5 (1.0-4.0) 2.0 (1.0-4.5)
Falls in past year, n (%)

0 53 (91.4) 51 (83.6)

1 4 (6.9) 10 (16.4)

2+ 1(1.7) 0(0)
Economic satisfaction, n (%)

Good 23 (39.7) 23 (37.7)

Sufficient 22 (37.9) 31 (50.8)

Poor/bad 13 (22.4) 7 (11.5)
Total number comorbidities, median (IQR) 2.0 (1.0-4.0) 2.0 (1.0-3.0)
Total number medications, median (IQR) 2.0 (1.0-4.0) 2.0 (1.0-3.0)
Confirmed arthritis, n (%) 19 (32.8) 18 (29.5)
Confirmed cardiovascular disease, n (%) 9 (15.5) 14 (23.0)
CES-D score (0-60), median (IQR) 8.0 (3.0-14.0) 6.5 (3.25-11.0)
Moderate risk of functional decline, n (%) 7(11.9) 6 (10)
LLFDI score (0-100), mean (SD)

Functional (overall) 73.7 (12.9) 73.1 (10.6)

Lower extremities basic 85.3 (15.3) 83.6 (12.7)

Lower extremities advanced 70.5 (15.7) 71.5(15.4)

Upper extremities 88.0 (12.7) 87.7 (12.1)
Disability frequency 52.2 (4.6) 50.5 (4.0)
Disability limitation (0-100), median (IQR) 84 (72.6-100.0) 80 (72-100)

Behavioural complexity score, mean (SD)

0.347 (0.123) 0.374 (0.119)

aLiFE, adapted Lifestyle-integrated Functional Exercise; CES-D, Center for Epidemiological Studies Depression; eLiFE, enhanced Lifestyle-
integrated Functional Exercise; LLFDI, Late-Life Function and Disability Index.

assessment, physical function and risk of functional
decline (table 1). The PreventIT risk screening tool was
used to identify and provide a participant’s risk estimate
(low, medium or high risk) for functional decline over
the next 9years.”

Determinants of adherence

Key factors which were anticipated to be positively or
negatively associated with participants’ adherence were
selected from the outcome measures obtained during
the PreventIT baseline assessment.'* Determinates
were chosen if they were (1) known functional decline
risk factors (eg, age or number of medications);? %7 (2)
strength or balance deficits, identified during assess-
ment;® (3) potentially associated with adherence (eg,

pain when walking and cognitive impairment).*”

Statistical analysis

Descriptive statistics were used to summarise demo-
graphic data. Baseline comparisons depending on
adherence levels were performed using parametric and
non-parametric tests as appropriate. Initially, the associ-
ation between adherence, as reported monthly during
the active intervention period (0—6 months postrandomi-
sation), and EARS sum score of questions 1-6, reported
at 6 months post randomisation, was assessed using Pear-
son’s correlation. In further analyses, the continuous
EARS score was used.

The modal response was used as an imputation method
to account for missing monthly reporting data, which was
missing completely at random, allowing 106 participants
(53 from each treatment arm) to be included in univar-
iate/multivariate analysis to reduce bias.?
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Univariate associations between potential determinants
and adherence (EARS score) were assessed using logistic
regression. To ensure the collinearity assumption was
met, potential variables were required to measure/assess
uniquely different outcomes, and a restricted number
of variables were selected, determined by the number of
available observations to reduce the risk of type I error.
Variables identified during univariate regression (p<0.05)
were subsequently entered into a backward (elimination)
multivariate linear regression model to determine the
best set of explanatory variables.

In lieu of a suitable complier average causal effect
(CACE) analysis, which was not possible given the
intention-to-treat analysis showed no difference in effect
between groups, multiple linear regression was performed
while still honouring the CACE assumptions.” Multiple
linear regression was used to estimate the association of
predicted adherence on primary and secondary outcome
measures at 6months of follow-up, using group alloca-
tion (aLiFE and eLiFE), baseline values and predicted
adherence levels as independent variables. Participants’
predicted adherence levels (EARS score) were derived
using multiple linear regression results.”” *' Predicted
adherence levels were centred,32 and the interaction asso-
ciation between group allocation and adherence level
is presented only when significant. Main associations of
baseline values, group allocation and adherence levels are
presented. Analyses were conducted using SPSS V.25.0.

RESULTS

Fifty-nine participants were randomised to receive the
traditional paper—pen based (aLiFE) and 61 were to
receive the technology supported (eLiFE) programme.
The 6-month follow-up was completed by 53 (89.8%)
aLIFE and 53 (86.9%) eLIFE participants. Participant
characteristics are presented in table 1. The mean age
of the participants was 66 years (SD 2.3), and an equal

number of men and women were enrolled. Most partic-
ipants had not experienced a fall in the past year, were
taking two medications daily and were overall in good
health.

Monthly and 6-month adherence measurement

During the 6-month follow-up period, which also included
monthly follow-up, 26 (24.5%) participants reported fully
adhering to their planned activity, while 21 (19.8%) partic-
ipants reported non-adherence (table 2). The remainder
(59, 55.7%) were classified as partial adherers. During
the 6-month follow-up assessment, the mean EARS score
was 16.02 (SD 5.12). These results showed a large, posi-
tive and significant association between the monthly
adherence reporting and the EARS questionnaire score
at 6months (r(102)= 0.618, p<0.001). The mean EARS
scores increased with increased adherence, as measured
on a monthly basis, with non-adherers scoring as low as 4
out of 24 points and full adherers having a mean of 20 out
of 24 on their EARS score.

Determinants of adherence

Univariate analyses identified nine baseline variables
to be associated with intervention adherence using
EARS (table 3), of which three variables were retained
in the multivariate linear regression model: greater
number of medication (beta=-0.21, p=003), CES-D score
(beta=-0.25, p=0.009) and the risk of functional decline
score (beta=-0.21, p=0.35) all significantly influenced
poorer adherence levels.

Estimated association of adherence on outcome measures
After controlling for group allocation, predicted adher-
ence level was positively associated with improved phys-
ical function, behavioural complexity and well-being
(table 4) at follow-up. Group allocation was not signifi-
cantly associated with an improvement in any primary or
secondary outcome measure.

Table 2 Reported adherence levels

Monthly adherence reporting

EARS score at

6 months of follow-

Partial up (/24), mean (SD)

Adherence level Full adherence adherence Non-adherence Missing (n=106)
Treatment mode

All 26 59 21 14 16.02 (5.12)

eLiFE 15 27 10 8 16.75 (5.01)

aLiFE 11 32 11 6 15.29 (5.18)
EARS score, All 20.3 (12, 24) 15.6 (7, 24) 14.1 (4, 22)
m:)"’(‘)” il eLIFE 20.6 (12, 24) 16.0 (7, 24) 16.0 (6, 14)

aLIFE 19.9 (16, 24) 15.3 (8, 24) 12.2 (4, 22)

Missing: 3 participants failed to report their monthly adherence repeatedly, beyond where imputation was possible; further 11 withdrew during

follow-up.

aLIFE, adapted Lifestyle-integrated Functional Exercise; EARS, Exercise Adherence Rating Scale; eLife, enhanced Lifestyle-integrated

Functional Exercise.
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Table 3 Determinants of adherence level (measured using the Exercise Adherence Rating Scale) -%
Univariate Multivariate* 2

B (SE) B Pvalue B (SE) B P value @

Sociodemographic %
Gender (female) 1.56 (1.01) 0.14 0.153 g
Age (years)t _012(0.22) -0.05 0.587 2
Satisfaction with economic situationt -0.01 (0.72) -0.002 0.987 ﬁ
Living status (alone) 212(1.06) 020  0.048 =
Years of educationf 0.0083 (0.11) 0.003 0.978 5
Medical history g
Number of medicationst -0.61 (0.21) -0.29 0.003 -0.45(0.21) -0.21 0.033 '(%
Diagnosed/treated for arthritis§ -2.10(1.08) -0.19 0.056 i
Diagnosed/treated for cardiovascular diseases§ -0.47 (1.30) -0.04 0.721 §
Cognition, affect and well-being IE
MOCA scoret 0.27 (0.27) 0.10 0.337 N
CES-D scoret -0.20 (0.08) -0.25 0.011 -0.20 (0.07) -0.25 0.009 g
Short Form 12 scoref 0.48 (0.17) 0.28 0.006 o
Physical ability and mobility§ g
Gait speed, usual pace (4 m walk) 5.56 (2.29) 0.24 0.017 g
Gait speed, usual pace (7 m walk) 4.30 (2.02) 0.21 0.036 S
Fast gait speed, fast pace (7m walk) 1.82 (1.02) 0.18 0.077 < B
CBMS (/96) 0.11 (0.04) 0.28 0.004 g %U:
8-Level Balance test (/8)§ 0.93 (0.52) 0.18 0.077 % %
Cadence, mean (SD) 0.07 (0.11) 0.07 0517 §§
Complexity, mean (SD) -0.10 (4.13) -0.002 0.981 E g
Subjective health rating gg
Pain while walking, VASt -0.31(0.22) -0.14  0.151 SE
Pain during rest, VAS £ -0.03 (0.26) -0.01 0.915 . g
LLFDI disability frequency (/100) 0.17 (0.12) 0.14 0.150 %
LLFDI disability limitation (/100) 0.08 (0.04) 0.21 0.032 f‘g
LLFDI function total (/100) 0.10 (0.04) 0.24 0.002 g
LLFDI function UE 0.08 (0.03) 0.19 0.015 E-
LLFDI function BLE 0.09 (0.04) 025  0.011 3
LLFDI function ALE 0.10 (0.03) 0.28 0.004 E
Other potential adherence mediators g
Group allocation aLiFE versus eLiFE -1.45(1.01) -0.14 0.153 3
Risk screening moderate category —-0.08 (0.02) -0.08 0.006 -0.06 (0.03) -0.21 0.035 _'ﬁ
Multivariate linear regression (n=120, aLiFE and eLiFE participants). §
Bold p<0.05 w
*Only variables retained in the final model presented. =4
TKnown risk factors for functional decline. 5
tFactors which influence adherence. zZ
§Strength and balance defici.ts knoyvn to influence. adhergnce. . . . . . g
ALE, advanced lower extremity; aLiFE, adapted Lifestyle-integrated Functional Exercise; BLE, basic lower extremity; CBMS, Community =)
Balance and Mobility Scale; CES-D, Center for Epidemiological Studies Depression; eLiFE, enhanced Lifestyle-integrated Functional Exercise; S
LLFDI, Late-Life Function and Disability Index; MOCA, Montreal Cognitive Assessment; UE, upper extremity; VAS, Visual Analogue Scale. g
%

Treatment outcomes one EARS point higher resulted in 0.67 point improve- %
Higher predicted adherence levels were significantly ~ ment on self-reported disability limitation (higher score E;_‘|
associated with improved LLFDI scores. In summary, indicates less perceived limitation) (F(3,102)=42.50, 3
=

@

3
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Table 4 Estimated association of adherence and group allocation at follow-up (aLiFE and eLiFE, n=120)

Unstandardised B Coefficient SE Stnp 95% ClI P value
Primary outcome measures
LLFDI
LLFDI disability frequency
Baseline score 0.677 0.065 0.716 0.549 t0 0.80 0.000
Group allocation 0.872 0.553 0.105 -0.226 to 1.970 0.118
Predicted adherence level 0.080 0.127 0.042 -0.1731t00.333 0.533
LLFDI disability limitation (/100)
Baseline score 0.663 0.081 0.621 0.502 to 0.824 0.000
Group allocation -0.487 1.968 -0.017 -4.390 to 3.417 0.805
Predicted adherence level 0.663 0.081 0.621 0.346 to 2.393 0.009
LLFDI function total components
Baseline score 0.779 0.064 0.760 0.652 to 0.906 0.000
Group allocation -1.354 1.260 -0.057 -3.854t0 1.146 0.285
Predicted adherence level 0.797 0.344 0.144 0.114 to 1.480 0.023
LLFDI UE
Baseline score 0.624 0.074 0.623 0.478 t0 0.771 0.000
Group allocation -0.667 1.694 -0.027 -4.028 to 2.693 0.694
Predicted adherence level 1.113 0.418 0.197 0.285 to 1.942 0.009
LLFDI BLE
Baseline score 0.632 0.076 0.631 0.481t0 0.784 0.000
Group allocation -1.994 1.788 -0.072  -5.540to 1.552 0.267
Predicted adherence level 1.304 0.486 0.204 0.339 to 2.268 0.009
LLFDI ALE
Baseline score 0.868 0.066 0.780 0.736 to 0.999 0.000
Group allocation -1.934 1.763 -0.057 -5.431to0 1.562 0.275
Predicted adherence level 1.000 0.467 0.127 0.074 to 1.926 0.035
Behavioural complexity
Complexity, mean
Baseline score 0.178 0.076 0.235 0.028 to 0.329 0.021
Group allocation -0.012 0.019 -0.063 -0.049 to 0.025 0.525
Predicted adherence level 0.008 0.004 0.185  -0.001 to 0.017 0.068
Complexity, median (IQR)
Baseline score 0.209 0.076 0.270 0.057 to 0.360 0.008
Group allocation -0.007 0.019 -0.035 -0.045 to 0.031 0.726
Predicted adherence level 0.008 0.004 0.186  -0.045100.017 0.063
Secondary outcome measures
Cognition, affect and well-being
MOCA score
Baseline score 0.590 0.090 0.558 0.411 t0 0.769 0.000
Group allocation 0.190 0.328 0.049  -0.461 to 0.842 0.563
Predicted adherence level -0.023 0.077 -0.026 -0.176t0 0.129 0.762
CES-D score
Baseline score 0.426 0.087 0.444 0.253 to 0.598 0.000
Group allocation -0.586 0.903 -0.048 -2.377 to 1.205 0.518
Predicted adherence level -0.889 0.257 -0.313 -1.399t0 -0.380  0.001
Continued
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Table 4 Continued

Unstandardised B Coefficient SE Stnp 95% ClI P value
Short Form 12
Baseline score 0.500 0.102 0.467 0.297 to 0.703 0.000
Group allocation -0.990 0.517 -0.158 -2.017 to 0.037 0.059
Predicated adherence level 0.231 0.138 0.160  -0.042 to 0.505 0.097
Physical ability and mobility*
Usual gait speed (7m walk)
Baseline score 0.621 0.057 0.717 0.507 to 0.735 0.000
Group allocation 0.041 0.027 0.097 -0.012 to 0.095 0.128
Predicted adherence level 0.014 0.007 0.141 0.001 to 0.027 0.036
CBMS (/96)
Baseline score 0.847 0.073 0.796 0.702 to 0.992 0.000
Group allocation 1.039 1.599 0.038 -2.134t04.212 0.517
Predicated adherence level 0.206 0.431 0.033 -0.648 to 1.061 0.633
8-Level Balance test
Baseline score 0.467 0.116 0.396 0.237 to 0.697 0.000
Group allocation 0.254 0.213 0.111 -0.168 to 0.677 0.235
Predicted adherence level 0.047 0.051 0.089 -0.053to0 0.147 0.356

Bold p<0.05
*Strength and balance deficits known to influence adherence.

ALE, advanced lower extremity; aLiFE, adapted Lifestyle-integrated Functional Exercise; BLE, basic lower extremity; CBMS, Community
Balance and Mobility Scale; CES-D, Center for Epidemiological Studies Depression; eLiFE, enhanced Lifestyle-integrated Functional Exercise;
LLFDI, Late-Life Function and Disability Index; MOCA, Montreal Cognitive Assessment; UE, upper extremity; VAS, Visual Analogue Scale.

p<0.001). An improvement in all LLFDI function subcom-
ponents was significantly associated with improved adher-
ence. For each EARS point higher, upper extremity, basic
lower extremity and advanced lower extremity function
improved by 1.11 points (F(3,102)=35.90, p<0.001),
1.30 points (F(3,102)=46.60, p<0.001) and 1.0 points
(F(3,102)=90.07, p<0.001), respectively.

Behavioural complexity increased by 0.08 per point
increase in EARS score; however, this change was not
significant.

CES-Dscore wasreduced by 0.89 points (F(3,102)=28.53,
p<0.001), while walking speed increased by 0.014 m/s
(F(3,102)=50.28, p<0.001) per point increase in EARS
score.

DISCUSSION

In this analysis, we have demonstrated that within this
cohort, monthly reporting of adherence (prospective)
correlated strongly with a single retrospective report of
adherence (EARS) after a 6-month intervention period.
We identified three main factors that influenced young
older adults’ adherence to their planned activity: the
number of medications they were taking, their level of
depression and their risk score of accelerated functional
decline. Higher predicted adherence levels had a signif-
icant and clinically meaningful benefit on self-reported
function (LLFDI) and greater behavioural complexity.

Further, predicted adherence was significantly associated
with improved gait speed and lower depression scores.
To our knowledge, this is the first analysis that examines
the association of adherence to a lifestyle-integrated exer-
cise programme with the intention to prevent functional
decline in young older adults.

Measuring adherence

To date, there is no consensus on how adherence
should be measured. Of the existing approaches,’ a
non-standardised, arbitrary binary cut-off is commonly
used to categorise participants into ‘adherers’ and ‘non-
adherers’. This approach has two main flaws. First, it fails
to acknowledge that adherence is a complex construct
of continuous quantity.'"® Second, dichotomising partic-
ipants based on an arbitrary cut-off assumes that partial
adherence has a nil treatment effect, when in fact some
adherence may affect the dependent outcome measure.™
Even not completing activities as often or as intended, any
activity is still breaking up sedentary behaviour. Within this
trial, we used monthly reporting of adherence, building
on the gold standard for prospective fall data collec-
tion,™ to eliminate recall bias due to delayed reporting.
Further, we used the validated EARS questionnaire after
the 6-month active intervention period. We found strong
and highly significant correlation between the monthly
(prospective) and the biannual (retrospective) responses,
indicating that a single measurement timepoint could
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suffice during the active intervention period. Further,
there is a clear differentiation in mean EARS score and
minimum scores among the three different adherence
levels, supporting the opinion that 6 monthly EARS assess-
ment can capture details of individuals’ adherence levels
without requiring monthly questionnaires and the asso-
ciated potential reporting bias. Ultimately, the method
chosen to measure adherence should be determined by
its purpose.6

Monthly adherence reporting allows for tracking the
change in adherence over time. From an intervention
perspective, this could be used as a facilitator to identify
adherence problems early on and to address potential
barriers in a timely fashion. However, monthly adherence
reports are also a form of intervention in themselves, as
they acted as reminders to complete the planned activ-
ities.'"* Regular prompting has been shown to improve
adherence,” and prompts in themselves are part of the
BCT taxonomy.” Further, frequent reporting could
also be considered burdensome on the participant, and
a single retrospective questionnaire may be preferred.
Within our young older population using EARS every
6months seems sufficient to measure adherence accu-
rately when the purpose of adherence documentation
is to obtain an average score per participant, following a
6-month intervention period.

Determinants of adherence

Adherence to the lifestyle-integrated activity programme
varied among participants, with participants reporting on
average 16 out of 24 points on EARS, indicating agreeable
and positive intent to adhere. Such variability in adher-
ence has repeatedly been reported for exercise interven-
tions involving older adults® and is slightly higher than
reported elsewhere.”

Previously, it has been demonstrated that external
factors impact adherence behaviour such as loca-
tion, frequency of exercising, level of supervision and
delivery mode.” Also, there are numerous patient-
specific, internal factors that directly or indirectly appear
important for adherence behaviour."” ! Within our study
population, the number of medications used, depression
level and risk of accelerated functional decline were nega-
tively associated with adherence. Increased medication
use could be seen as a proxy for comorbidities, a barrier
for adherence.” Surprisingly in our sample, the presence
of arthritis or pain while walking was not an adherence
barrier, as described in other studies.® However, reported
pain levels were low, and bias from underenrolment of
those with severe arthritis is possible.

While exercise is an effective intervention to manage
depression,” depression adversely impacts adherence
to exercise interventions, as shown here and in other
studies.”! Measuring participants’ depression levels, an
established adherence barrier, before commencing an
intervention may help predict subsequent adherence
and also allow for the tailoring of the intervention and
support of participants accordingly.

The third factor which impacted adherence in this study
was risk of accelerated functional decline. Those at high
risk were limited by the burden of already deteriorating
health, as shown previously,'" while those at moderate risk
may have understood the urgency to undertake preventa-
tive measures and were still capable of doing so.** Previous
exercise programmes in participants with cardiovascular
conditions have shown that education and awareness
regarding one’s health can have a positive effect on inter-
vention adherence levels.* Participants within our trial
were informed of their risk profile and had undergone
detailed assessment, which highlighted their balance and
strength deficits, and could have acted as a ‘prompt’ to
adhere to the intervention.

When enrolling participants in an intervention
programme, assessing physical and psychological adher-
ence barriers can help tailor the intervention delivery to
suit participants’ preferences and needs.*' This provides
an opportunity to identify non-adherers early and target
known barriers, for example, by applying BCTs to address
psychological barriers, such as poor self-efficacy or poor
motivation (or depression),” or by multidisciplinary
interventions to manage pain and comorbidities better.

Estimated association of adherence

Adherence to an intervention programme influences the
intervention dose, which for PA interventions can lead
to an improvement in physical outcome measures.'® **
Predictive modelling showed that higher adherence levels
were significantly associated with improved subjective
health and function (LLFDI), as well as with improved
behavioural complexity scores, gait speed and depres-
sive symptoms. These results are in line with the previous
reporting of balance training improving self-reported
function in community-dwelling older adults,* as well as
exercise improving depression levels® and increasing gait
speed.”” However, several other physical outcome measures
remained unchanged, despite higher estimated adherence
levels. These inconclusive findings are similar to those by
Hughes ¢t al,’ who demonstrated that even interventions
that focus specifically on improved adherence did not
achieve meaningful change in clinical outcome measures.
Future trials need to understand whom, within their patient
population, will adhere and why; and which adherence
barriers can be addressed and modified. Further work is
also needed to better understand whether adhering to the
dose, type or exercise intensity prescribed has the same or
different impact on outcome.

The analysis presented here spans the first 6months of
the intervention period. Overall, the adherence rates were
low, with an average EARS score of 16.75 points at 6months
in the eLiFE group and 15.29 in the aLliFE group. These
results are in line with findings from other technology-
supported trials, which have shown adherence rates to drop
as time passes, with only 25% of participants still adhering
at the end of a 48-week home-exercise programme.* The
slightly higher adherence rates in eLiFE could be due to
the functionalities available within the app, which included
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daily reminders to complete the exercise, motivating
messaging and alternative exercise suggestions.

Within the intervention period, participants in eLiFE and
aLLiFE received four or six home visits, respectively. Partic-
ipants were encouraged to integrate their activities into
everyday routines, without supervision. Although unsuper-
vised activities have been shown to improve self-reported
adherence,” this did not translate into an improvement in
clinical outcome measures. A possible explanation is that
while better adherence is reported, the quality, accuracy
and intensity of the activity are not ideal when unsuper-
vised, limiting its benefits. Further work incorporating tech-
nological measures of adherence is needed to document
accurately the quality and fidelity of the activity under-
taken in an unsupervised setting. Beyond documenting
exercise execution, an Information and Communication
Technology (ICT) plattorm could provide feedback to
participants about how and what to improve during the
intervention programme. Simultaneously, healthcare
providers and researchers could access this information
and use telecommunication to increase adherence, opti-
mise exercise accuracy/quality and increase the likelihood
of achieving an improvement in clinical outcomes.

Strength and limitations

A strength of this study was that the activity programme
offered to the participants was not detached from daily life
but instead was integrated into existing routines. Providing
an opportunity to be more active has been labelled a key
element to achieving better adherence rates both with®
and without® the use of technology. Within this trial, the
intervention was personalised and adapted to an individu-
al’s capabilities, similar to approaches by other researchers
who individualised interventions integrated into existing
routines.”’ ** Within our study,'® different BCTs were
applied and combined to improve adherence, as this has
been identified as an essential intervention component
to promote sustainable changes in activity habits.”® Future
studies should evaluate technology-delivered methods
which apply different BCTs to unravel the added benefit of
both components.

During analysis, adherence was treated as a continuous
variable, which fulfils the fifth assumption (exclusion
restriction) in the so-called ‘CACE analysis’.**' Using
the continuous EARS score to quantify adherence can
capture the effect of proportionate adherence.

Several limitations of this study are acknowledged. The
estimate of the association of adherence only allows us to
determine if participation levels are associated with better
outcomes, and it does not estimate the causal effects of
the treatment since there is no comparison with a compa-
rable group. As the intention-to-treat analysis showed no
difference in effect between groups, a suitable adherer
‘average causal effect analysis’ was not possible. Two
different treatment modes are compared based on adher-
ence levels. It was not possible to assess whether adherence
to eLiFE has greater implications on clinical outcomes
than adherence to aliFE. However, both intervention

modes apply the same activity framework, and analysis to
determine the estimated effect of adherence was defined
a priori. Future work should consider further subgroup
analysis to understand the adherence to different inter-
vention methods better. Lastly, monthly measurement of
adherence could have acted as a prompt to complete the
planned activities. Within our study all participants were
asked to report adherence regardless of group allocation;
therefore, if adherence was influenced by monthly ques-
tioning, this was consistent for all participants.

Implications for future research and clinical practice

Group allocation did not impact adherence in this study;
however, research® has shown that adherence can be
increased when patients can select the intervention mode.
Offering patients a choice of intervention (patient pref-
erence) could impact adherence rates without compro-
mising evidence-based interventions.”*

To encourage higher rates of adherence, barriers
such as depressive symptoms or polypharmacy could be
addressed as part of a preintervention to enhance the
ability to test new interventions.

In future trials, we should consider measuring base-
line characteristics that affect adherence levels. This may
include variables not generally considered for standard
data collection, such as social support to support inter-
ventions, what exercise programmes have previously been
explored and outcome expectations.'® With improved
baseline prediction of adherence and patient preference
interventions, subsequent interventions can be more
accurately assessed.

CONCLUSION

PA adherence was associated with better lower extremity
function and physical behavioural complexity. Barriers
to adherence should be addressed preintervention to
enhance intervention efficacy. Further research is needed
to unravel the impact of BCTs embedded into technology-
delivered activity interventions on adherence.
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