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bstract

ackground  Bariatric surgery promotes weight loss and improves co-morbid conditions, with patients who are more physically active
aving better outcomes. However, levels of physical activity and sedentary behaviour often remain unchanged following surgery.
bjectives  To identify interventions and components thereof that are able to facilitate changes in physical activity and sedentary behaviour.
ligibility  Physical activity and/or sedentary behaviour must have been measured, pre and post intervention, in patients who have undergone
ariatric surgery.
tudy  appraisal  and  synthesis  methods  : Four databases were searched with key-words. Two researchers conducted paper screening,
ata extraction and risk-of-bias assessment.
esults  Twelve studies were included; eleven were randomised. Two were delivered presurgery and ten postsurgery; five found positive

ffect. Moderate to vigorous physical activity increased in three studies, two of which also found a significant increase in step count. The
ourth found a significant increase in strenuous activity and the fifth a significant increase in metabolic equivalent of task/day and reduced
ime spent watching television.
imitations  Meta-analysis could not be conducted due to heterogeneity of outcomes and the tools used.

onclusion  and  implications  of  key  findings  This review has identified interventions and components thereof that were able to

rovoke positive effect. However, intervention and control conditions were not always well described particularly in terms of behaviour
hange techniques and the rationale for their use.
ystematic  review  registration  number  PROSPERO (CRD42019121372)
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ontribution  of  the  Paper

 Identifies interventions and behaviour change techniques that have been associated with increased physical activity in patients following
bariatric surgery.

 Highlights the need for detailed reporting of control and intervention conditions, particularly with reference to behaviour change techniques
and the rationale for their use.

 Highlights the need for research that focuses on ‘how’ to facilitate changes in physical activity and sedentary behaviour, rather than ‘what’
the physiological consequences of these changes are. This is particularly important for physiotherapists, who often lead on behaviour
change interventions that aim to increase physical activity e.g. pre and rehabilitation, so that they can evidence base their clinical practice.

 2021 The Authors. Published by Elsevier Ltd on behalf of Chartered Society of Physiotherapy. This is an open access article under the CC
/4.0/).
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ackground

Systematic reviews and meta-analyses have identified that
ariatric surgery is the most effective intervention for obe-
ity, producing greater weight loss (mean difference −26 kg,
5% confidence interval (−31 to −21) and a higher remis-
ion rate of diabetes (relative risk 22.1, 3.2–154.3), compared
o non-surgical treatment [1] based on two years follow up.
owever, surgery is not a panacea and weight regain and

ecurrence of complications e.g. diabetes, can and does occur
2–4]. Consequently, there is an increasing focus on postsur-
ical lifestyle interventions, targeting physical activity [PA]
o help patients to maintain the benefits of surgery [5]. PA is

 behaviour, defined as “any bodily movement produced by
keletal muscles that uses energy” [6], and its benefits are well
stablished; PA is protective against chronic conditions such
s coronary heart disease and type 2 diabetes [7]. Current
ecommendations are for at least 150 minutes of moderate
o vigorous intensity physical activity [MVPA] per week for
dults [7–9], although there are no specific guidelines for
atients following bariatric surgery to optimise weight and
ealth status beyond these [10]. Despite this, there is some
vidence that exercise (including strength training) follow-
ng surgery may be beneficial in preserving non-fat mass
11], promote greater weight and fat mass loss, and improve
hysical fitness [12,13].

Sedentary behaviour [SB], sits on the PA continuum and
s a separate and distinct behaviour of interest. It is defined
s “any waking behavior characterized by an energy expen-
iture ≤1.5 metabolic equivalents (METs), while in a sitting,
eclining or lying posture” [14]. This is different to inactiv-
ty, which occurs when an individual does not meet the PA
uidelines. Thus it is possible to be both physically active
nd sedentary if one is able to achieve 150 minutes of MVPA
er week through structured physical activity and also spends
prolonged periods’ of time sitting, e.g. due to a desk based
ob [15]. SB is of increasing interest to research and clini-

al communities and warrants attention in this review as it is
ssociated with chronic health conditions including cardio-
ascular disease, type 2 diabetes and some cancers [16]. It is

s
t
i

articularly relevant to this patient group who are at increased
isk of these conditions due to their obesity, which is likely
o persist after bariatric surgery [17].

A recent systematic review [18] of prospective studies
ith at least 10 adults, ≥  18 years undergoing bariatric

urgery in which PA or physical function was measured pre
nd postsurgery, found an overall trend for PA to increase
p-to 12 months following surgery. Step count increased
etween 3–6 months, but was accompanied with a reduc-
ion in objectively measured MVPA [18], meaning that 90%
f patients were still not sufficiently active, according to the
uidelines, and 24–29% (depending on the measure used to
ssess PA) became less active after surgery [6,19]. A recent
eta-analysis of studies, which objectively measured SB

ound that patients were no less sedentary following bariatric
urgery [20].

Given the potential benefits of increased PA and reduced
B, we aimed to synthesise the evidence for interventions that

argeted either or both behaviours, in the context of bariatric
urgery.

In behaviour change interventions (where specific
ehaviours such as PA and SB are targeted), behaviour change
echniques (BCTs) are the ‘active ingredients’, defined as
observable, replicable and irreducible component of an
ntervention designed to alter or redirect causal processes
hat regulate behavior” [21]. Therefore, we expected these to
e included in studies in this review. An example of a BCT
ccording to the BCT taxonomy v1 (BCTTv1) [21], is ‘goal
etting’, defined as ‘set or agree a goal defined in terms of the
ehaviour to be achieved’ e.g. ‘agree a daily walking goal
e.g. 3 miles) with the person and reach agreement about
he goal’. As BCTs are the ‘active ingredients’ of behaviour
hange interventions, we decided to extract these as part of
his review.

Studies were eligible for inclusion if they measured PA pre
nd postintervention using either self-reported or objective
ools. This was a pragmatic decision as an initial scoping
earch identified that both were used and we did not want
o exclude relevant studies that might have offered valuable

nformation regarding intervention conditions.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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bjectives

The aim of our study was to identify interventions and
omponents thereof that would be able to facilitate changes
n these behaviours after bariatric surgery. This information
ould be particularly useful for clinicians who understand

he benefits in changing these behaviours, but are unsure of
ow best to support patients with this.

Our specific objectives were to synthesise the efficacy of
he interventions and their components: characteristics, mode
f delivery (groups or individual), outcome measures and
ehaviour change techniques [BCTs]. The review followed a
reregistered protocol PROSPERO (CRD42019121372) and
RISMA guidelines see Fig. 1.

ata  sources

Four databases were searched; Medline, CINAHL, Scopus
nd PsychINFO with search terms that related to the popula-
ion, intervention and outcome (date of searches 23/11/2018-
4/12/2018). In view of the time between searches and sub-
ission for publication, the same search strings were re-run

n the databases for publications from 2018 to 2020 to update
he review (final search 23/05/2020). Search terms included

eSH headings and key words based on bariatric surgery
such as bariatric, weight loss) and more specific terms that
pecified the surgery of interest and their synonyms (i.e. gas-
ric bypass, roux-en y gastric bypass). Keywords associated
ith intervention and outcome such as programme, inter-
ention and physical activity were searched after which the
ndividual search strings were combined.

Two additional papers were identified during peer review.
J screened all abstracts and titles, and VS a 10% random
ample of these. All papers selected for full text review
ere independently screened for inclusion by JJ and VS who

greed on the papers to be included; reference lists of these
ere also reviewed for additional potential studies, which
ere subjected to the same processes.

tudy  selection

Any interventions that sought to increase PA or reduce SB
ere included, however, where the focus was principally on
hysiological effects, these were not, as these will be of less
linical value to clinicians whose focus is on how to support
atients to change these behaviours.

Unlike previous reviews, ours focused on two target
ehaviours (PA and SB) and intervention efficacy in consid-
ration with these, measured after bariatric surgery. We also
onsidered components of the interventions — BCTs with a
iew to providing clinicians with the evidence for their use

n addition to the effect on PA and SB.

Prospective primary research studies were included if they
sed either self-reported or objectively measured PA or SB,
easured at baseline and at least one other time point after

t
p

w

apy 115 (2022) 1–17 3

urgery; the intervention may have commenced either prior to
r following surgery. Single arm, pilot and feasibility studies
ere eligible for inclusion, as they may have offered valuable

vidence to meet the objectives of this review. Where papers
eferenced earlier publications about the same study, these
ere retrieved and relevant data extracted.
There were no date limits to the search. Papers not pub-

ished in English were excluded as were thesis and conference
roceedings.

ata  extraction  and  synthesis

A data extraction table was developed using the PICOD
ramework; it was piloted, reviewed and refined. Data
xtracted included study and participant characteristics, and
ntervention components e.g. supervised exercise. Other data
xtracted included mode of delivery, BCTs, duration, out-
omes, and outcome measures; attendance, engagement and
etention (as reported), intervention fidelity, and control
roup components. JJ and VS extracted data independently,
fter which they met to reach agreement without the need
or intervention of a third reviewer. Study authors were con-
acted for additional information when required. JJ and WH
ndependently extracted BCTs in all study arms using the
CCTv1 [21]. The confidence for their presence was indi-
ated with + (probably present) and ++ (definitely present),
fter which they met to discuss and agree final codes.

All studies were assessed using the Cochrane Risk of Bias
 tool [22] which considers risk of bias [ROB] in randomised
tudies in five separate domains: randomisation, deviations
rom the intended interventions, missing outcome data, mea-
urement of the outcome and selection of the reported result.
n this tool, the domain with the highest ROB judgement dic-
ates the overall risk. As one of the studies was a single arm
on-randomised pilot, only four domains of this tool were
elevant [23]. ROB was independently assessed by JJ and
B; and by JJ and VS for studies retrieved in the updated
earch and from peer review of the manuscript.

esults

From a total of 3884 identified articles, forty-eight were
ssessed for full text review. Thirty-six were excluded due to:
o postoperative measures of PA (n  = 11), discussion paper or
on-peer reviewed (n  = 8), not an intervention study (n  = 6),
o baseline measures of PA (n  = 4), PA not measured (n  = 3),
rticle not in English (n  = 3) and, intervention did not seek to
ncrease PA (n  = 1). Data was extracted from twelve unique
nterventions (see Fig. 1); seven from the original search,

hree from the updated search and two obtained as a result of
eer review.

Eight of the studies were randomised trials [24–31], one
as quasi-experimental [32], two were randomised feasi-
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ig. 1. PRISMA flow diagram.

ility studies [33,34] and one was a single arm pilot study
23].

Eleven studies compared the intervention against a con-
rol group, the composition of which varied and included
ither generic PA input or advice [25,26,29–33], dietary
ocus [24,34], or were not explicitly described [27,28]. Sam-
le size ranged from 10 [23] to 259 participants [24] and
ll participants were either considering or had undergone
urgery. Participants in nine studies were mostly female
57–92%) [25,27–34]; the final three comprised females only
23,24,26]. Six of the studies had a mix of surgical pro-
edures, the most common, were roux en-y-gastric bypass
RYGB] and sleeve gastrectomy [23,27,29,30,33,34]. Four of
hese included participants who had undergone gastric band
urgery; this represented only a small proportion of the surgi-
al types [27,29,33,34]. The remaining six studies comprised

 single surgical type: RYGB [25,28,31,35] sleeve gastrec-
omy [32] or vertical banded gastroplasty [26]. See Table 1
or study design and baseline characteristics.

All studies measured levels of PA after surgery. This was
tated as an intervention aim or hypothesis in six studies
25,26,29,30,32,33] and was measured in all twelve. SB was
easured as an outcome in eight studies [24–28,31–33] one
f which hypothesised that SB would reduce as a result of the
ntervention [32]. See Table 2 for details of the intervention
nd control conditions.

s
l
f

Nine of the twelve interventions included supervised
ctivity or exercise, which was delivered by: PA special-
sts [30], exercise physiologist [31], qualified gym instructor
27], physiotherapist and exercise specialist [23], exercise
nd sports science professionals [32], physiotherapists [25],
linical dietitian or masters students in clinical nutrition [28]
r was unspecified [33,34]. The duration and frequency of
upervised exercise sessions ranged from once weekly for up-
o 60 minutes [23,31,34] to four times weekly for 90 minutes
32]. This was delivered either on a one-to-one basis [27,34],
n groups [23,28,30,32], a combination [25,33] or was not
eported [31]. In these nine studies, participants were either
xpected or supported to change their PA behaviour outside
f the sessions.

The final three interventions were counselling or discus-
ion based; in two, participants were asked to increase MVPA
nd steps [29] or to increase their PA aiming for Ameri-
an College of Sports Medicine guidelines (150 minutes of
VPA per week) [26]. The final intervention involved partic-

pants discussing PA behaviours, focusing on the difficulties
hat might occur and how these might be managed in the
uture [35].

The duration of the intervention varied; the shortest was

ix weeks, delivered prior to surgery [29,37], whilst the
ongest was three years and was delivered during standard
ollow up visits [26].
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Table 1
Study design and baseline characteristics. GB Gastric band, RYGB Roux en y gastric bypass. BMI data, mean (standard deviation), BMI data Baillot et al. 2016, 2018; median (25th and 75th quartiles).

Reference Type of study Research design Total sample size Control/intervention % Female Surgical type BMI (kg/m2) at
baseline

Baillot et al. 2016,
2018 [30,36]

Evaluation RCT 30 Control
Intervention

75%
85%

RYGB 73% gastric sleeve
27%
RYGB 62% gastric sleeve
38%

47.8 (40.3 to 54.0)
44.8 (42.1 to 53.0)

Bond et al. 2017 [29] Sub-sample of
evaluation study

RCT 36 Control
Intervention

79%
91%

Total sample; RYGB n = 18
(50%), gastric banding n = 16
(44%), gastric sleeve n = 2
(6%)

44.4 (7.1)
46.7 (7.1)

Carnero et al. 2017
[31]

Evaluation RCT 128 Control
Intervention

86%
91%

All RYGB 44.4 (7.5)
45.8 (7.4)

Coleman et al. 2017
[33]

Feasibility RCT 51 Control
Intervention

84%
85%

RYGB n = 17 (68%), gastric
sleeve n = 7 (24%), lap band
n = 1 (4%)
RYGB n = 21 (81%), gastric
sleeve n = 4 (15%), lap band
n = 1 (4%)

33.1 (5.8)
32.7 (5.8)

Hanvold et al. 2019
[28]

Evaluation RCT 165 Control
Intervention

76%
73%

All RYGB 31.0 (4.8)
30.8 (4.9)

Herring et al. 2017
[27]

Evaluation RCT 24 Control
Intervention

92%
92%

RYGB 33%, gastric sleeve
67%,
RYGB 33%, gastric sleeve
58%, gastric band 8%

38.2 (6.1)
39.4 (4.3)

Jassil et al. 2015 [23] Pilot Single arm 10 Intervention 100% Data provided for 8
participants only. RYGB
n = 2, gastric sleeve n = 6

38.5 (7.2)

Jiménez-Loaisa et al.
2020 [32]

Evaluation Quasi-experimental 40 Control
Intervention

73%
82%

All sleeve gastrectomy 43.1 (4.5)
43.8 (5.3)

Papalazarou et al.
2010 [26]

Evaluation RCT 30 Control
Intervention

100% All vertical banded
gastroplasty

Whole sample 49.5
(7.5)

Sellberg et al. 2019
[24]

Evaluation RCT 259 Control
Intervention

100% All RYBG 40.7 (4.6)
40.8 (4.5)

Shah et al. 2011 [34] Feasibility RCT 33 Control
Intervention

92%
90%

GB 67%, RYGB 33%
GB 71%, RYGB 29%

41.0 (3.7)
47.3 (10.0)

Stolberg et al. 2018
[25]

Evaluation RCT 60 Control
Intervention

∼75%
∼65%

All RYGB 34.1 (5.4)
33.3 (6.2)
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Table 2
Intervention and control conditions; attendance, engagement and retention.

Reference Timing
relative to
surgery

Control Intervention Duration Attendance, engagement and
retention (as reported)

Baillot et al. 2018
[30]

Pre Individual counselling every 6-8
weeks presurgery for at least 6
months, and postsurgery at
months 3, 6, 9, and 12 with a
dietitian and PA specialist. Plus,
optional access to an educational
group for PA, nutrition and
psychological input related to
weight management.

Three weekly 80-minute sessions: 10 minutes of
warm-up, 30 minutes of endurance activity (at
55 to 85% of the heart reserve), 20 to 30 minutes
of strength exercises with small equipment
(dumbbells, elastic bands, medicine balls and
sticks) and 10 minutes of a cool-down period,
with monthly aqua gym session, until 2 weeks
before surgery.

33 (8) weeks
before surgery
(range 27– 51
weeks).

Intervention participants attended
a median of 70 (45–90%) of the
total recommended exercise
sessions (3×/week) from the
baseline of the PreSET until 2
weeks before surgery.
Of the 30 participants randomised
to either the intervention or
control, 25 completed the study.

Bond et al. 2017
[29]

Pre Participants were advised to
begin exercising but did not
receive any specific PA
prescription, recommendations or
strategies to facilitate this.

Six consecutive weekly individual face to face
counselling sessions. PA was logged, monitored
and a pedometer provided. Goals were set to
increase bout-related walking minutes and steps
per day relative to baseline. Counselling sessions
reviewed self-monitoring records, goal
progression, problem solving, teaching
behaviour change strategies and developing
action plans.

6 weeks. 80 participants were randomised,
36 had surgery from which 31
(86%) completed postoperative
follow up.

Carnero et al.
2017 [31]

Post Participants received health
education in 6 session, held once
monthly which included lectures,
discussion and information on
topics including medication,
nutrition and upper body
stretching. Participants reported
their PA habits at these sessions.

Participants received the same information as the
control group, plus intervention.
Weeks 1-4 participants exercise for as long as
feasible (10-15 mins) at 60-70% of maximal
heart rate. This progressed over 3 months to
120 minutes/week for the final three months of
the intervention.
Exercises included cycling or walking at home
(stationary bike or treadmill or outdoors).
Participants were encouraged to exercise for
30 minutes per day.

6 months 128 participants randomised: 66
to the intervention group and 62
to the control group.
Retention was 91% (n = 54) in the
intervention group and 95%
(n = 59) in the control group.
From a total of 96 participants,
23 were excluded from analysis
due to insufficient PA data.

Coleman et al.
2017 [33]

Post Weight assessment and phone
calls which comprised
counselling to encourage regular
MVPA, although this did not
contain and standardized
recommendations. Phone calls
and monitoring took place within
the first two weeks post
operatively, then at 2 and 6
months, and annually thereafter.

There were 2 phases; intervention and
maintenance. The intervention phase comprised
twice weekly 60-min group exercise classes
comprising strength, flexibility and aerobic
activities, plus at least 3 days per week of
self-directed exercise. Daily pedometer with
recording of steps and activities and weekly
telephone counselling.
The 6 months maintenance phase comprise once
weekly exercise classes and once monthly
telephone counselling.

12 months Participation in the intervention
was limited for ten out of the 25
(40%) assigned to the group due
to a pre-existing condition. Of the
remaining participants, 44%
developed a condition during the
programme which limited their
participation with the
intervention.
Of 51 participants randomised to
either the intervention or control,
43 completed the 12 months
follow up
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Table 2 (Continued)

Reference Timing
relative to
surgery

Control Intervention Duration Attendance, engagement and
retention (as reported)

Hanvold et al.
2019 [28]

Post Three follow up consultations in
the first year with a dietitian or
doctor, with an annual review
thereafter for the next four years.

Sixteen group meetings comprising 12-15 participants
lasting 2 hours. Participants were advised to reduce their
sedentary time and to undertake ≥ 75 minutes/week
higher intensity activity. Sessions included a 30-minute
PA session with various activities including Nordic
walking, climbing stairs, and strength training (weather
dependent). An activity coach guided participants in ‘the
use of Nordic walking and use of pedometer.

24 months Attendance at the intervention
varied from 35-84%, with the
average number of sessions being
attended was 8 (4) (out of a
possible 16). Eight participants
withdrew from the intervention
group (n = 85), and fifteen
withdrew from the control group
(n = 80).
Of 165 participants randomised,
142 completed the 24 months
follow up.

Herring et al.
2017 [27]

Post Participants in the control group
continued with usual follow-up
care. After their 12-week
assessment, the control group
also received the discharge
advice session discussing the
same topics. All participants
were given an example exercise
programme and progression (for
example, home-based exercise,
walking, swimming), along with
the diet information sheet

Three sixty-minute gym sessions/week, of moderate
intensity aerobic and resistance training for 12 weeks.
Aerobic exercise training typically lasted 45 minutes; the
first exercise programme was 35 minutes with a longer
warm-up period and progressed to 45 min by the end of
week 2. The warm up period reduced as participants
fitness improved. Exercise sessions were progressive and
personalised.

12 weeks Participants in the intervention
group attended a mean of 34 (3)
sessions (out of a possible 36),
equating to a 95% adherence.
Of 24 participants randomised,
21 completed follow up.

Jassil et al. 2015
[23]

Post No control group Eight weekly sessions comprising 60 minutes of exercise
followed by a 60-minutes group discussion on lifestyle
education and nutritional-behavioural change sessions.
The intervention was designed and delivered by a
physiotherapist and exercise specialist and intensity of
exercise varied according to individual functional capacity
and increased progressively each week. Participants were
encouraged to exercise to BORG 13 based on Borg’s Rate
of Perceived Exertion scale.

8 weeks Two patients attended all the
sessions and the other patients
attended seven (n = 1), six (n = 1),
five (n = 2), four (n = 1), and three
sessions (n = 1), respectively. The
median number of sessions
attended was six.
Eight out of 10 patients
completed follow up.

Jimenez-Loasisa
et al. 2020 [32]

Post Participants in the control group
were given usual care
recommendations focused on
trying to maintain an active
lifestyle after surgery (for weight
loss and maintenance), but no
specific advice was given.

The frequency of the intervention increased throughout
the 6-month intervention period, beginning with 2
sessions/week for the first two months, then three
sessions/week in the following two months, to four
sessions/week for the final two. Sessions in the first two
months were 60 minutes, increasing to 90 minutes in the
following 4 months. The intervention involved
cardiorespiratory and strengthening exercises, and
sessions such as ‘body expression, dance, directed
activities (aerobic, spinning etc.), beach and pool
activities, core training, trekking and traditional Spanish
games’. Participants were provided with home exercises
which did not require ‘large resources or joining a gym’.

6 months The attendance rate for the
intervention group was 80%
(68.1-88.9%).
Retention for the intervention and
control group at 13 months
postsurgery (final assessment)
was 89 (n = 17) and 75% (n = 15)
respectively.
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Table 2 (Continued)

Reference Timing
relative to
surgery

Control Intervention Duration Attendance, engagement and
retention (as reported)

Papalazarou et al.
2010 [26]

Post Postoperative dietetic assessment
every week for the first three
months, reducing to every other
week for three months, and then
monthly for six months.
Participants were reviewed every
three months in the second year,
and every six in the third (total of
30 sessions). During these
sessions general information was
provided on adopting PA.

A patient-centred collaborative approach was used
with behaviour modification techniques such as
self-monitoring, self-evaluation, goal setting,
reinforcement, stimulus control, and relapse
prevention. Every session included nutritional
education, dietary intake and physical activity with
information provided on increasing PA. The
intervention was delivered when participants
attended for their usual care appointments.

36 months All 30 participants (100%) attended
all sessions and follow up.

Sellberg et al.
2018 & 2019
[24,35]

Post Consultation with a dietitian,
nurse or surgeon to discuss
medical complications, weight
loss and postsurgery diet, this
took place ‘a few weeks, 6
months, 1 and 2 years after
surgery’.

Weekly group sessions over a period of four weeks,
comprising 4 different topics, the first of which
concerned physical activity. Participants were
encouraged to discuss how they wanted to behave in
future specific situations, and the aim was to provide
participants with strategies to manage future
difficulties with PA behavior.

4 weeks 156 participants were allocated to the
intervention group. Of these n = 53
did not attend any sessions, n = 15
attended 1, n = 18 attended 2, n = 37
attended 3 and n = 33 attended 4.
Of 259 participants, 203 completed
follow up.

Shah et al. 2011
[34]

Post Participants from both groups
had individual behavioural
therapy focusing on stimulus
control, eating behaviour and
stress management.

Participants were asked to exercise on at least 5
days/week and attend supervised exercise sessions
1-2×/week.
In addition, participants had behavioural therapy
relating to exercise every 2 weeks, which included
goal setting, self-monitoring, cognitive–behavioural
strategies, and problem solving and relapse
prevention.

12 weeks 33 participants were randomised; 12
to the control group and 21 to the
intervention group.
Four of control group provided
baseline data only; three withdrew
because they wanted to be in the
intervention group. The fourth did
not have time to participate. Five
participants in the intervention group
did not complete the study; four
provided baseline and follow up data
at 6 weeks but not at 12 weeks, and
one provided data only at baseline.
Time was given as the reason for
dropping out of the study.

Stolberg et al.
2018 [25]

Post Participants were given the
clinics standard information
about the importance of being
physically active after RYGB.

Forty minutes of exercise, twice weekly for 26
consecutive weeks. The sessions comprised
moderate intensity endurance and resistance
exercises and were supervised by a physiotherapist.
Participants also had free access to fitness centres
during the intervention.

26 weeks Nineteen of 32 participants (59%)
allocated to the intervention group
attended ≥ 50% of the planned
training sessions (deemed to be
acceptable attendance).
Out of the 60 participants
randomised, 42 completed follow up.
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See Table 2 for attendance, engagement and retention
etails.

BCTs to increase PA could be identified in all intervention,
ut not all control groups. The number of BCTs in interven-
ion conditions varied from four [25] to nineteen [29,37]. The
ve most common were: Instruction on how to perform the
ehaviour (BCT 4.1) (n  = 10), demonstration of the behaviour
BCT 6.1) n = 10, goals setting behaviour (BCT 1.1) (n  = 9),
ehavioural practice/rehearsal (BCT 8.1) (n  = 9) and action
lanning (BCT 1.4) (n  = 7). One BCT, prompts and cues (BCT
.1) was identified as being used to reduce SB in the inter-
ention group, although SB was not measured as an outcome
n the study [29].

Information regarding control group conditions (n  = 11)
as generally lacking, (see Table 2) making it difficult to

xtract details. From the eleven control groups, five had iden-
ifiable BCTs: goal setting (BCT 1.1) (n  = 3), information
bout health consequences (BCT 5.1) (n  = 2), problem solv-
ng (BCT 1.2) (n  = 1) and self-monitoring behaviour (BCT
.3) (n  = 1), with two being the maximum number of identi-
able BCTs identified in any one group [27,32] (see Table 3
or BCTs identified in each of the studies).

None of the authors powered their studies to detect a
hange in PA or SB, specifically in the time period following
ariatric surgery although postoperative PA, SB or both, were
easured by all in this review. Six studies presented aims or

ypothesis related to PA, five of which sought to assess if the
ntervention would increase this [24,25,30,32,33] with one
dentifying bout related MVPA and steps specifically as out-
omes of interest [29]. The remaining six measured PA as
ne of their study outcomes [23,26–28,31,34].

Self-report and objective measures were used to assess
A; four studies used self-report only [23,26,28,30], four
sed self-report and objective tools [25,27,33,34] and four
sed objective measures only [24,29,31,32] (see Table 4 for
utcome details).

Of the eight studies that used self-report, validated ques-
ionnaires were used in five [26–28,30,34], whilst the others
ither adapted or used questions from existing questionnaires
23,25,33]. Accelerometers were used in six studies and were
orn either on the arm, at the mid-axillary line at the supe-

ior aspect of the iliac crest, or the hip [24,25,27,29,31,32];
edometers were used in two [33,34].

SB and sitting time was measured in eight studies, three
sed self-report [26,28,33], and five measured this objec-
ively via accelerometery [25,27,31,32,35].

Five of the interventions resulted in statistically signif-
cant improvements in PA compared to the control group
r baseline (where there was no control). Bond et  al.  [29]
ound that intervention participants had greater increases
han the control group in bout related MPVA minutes/day at
ostintervention (P  = 0.016) but not at follow up (six months

ostsurgery) (P  = 0.15). Steps/day also differed between
he groups at postintervention (P  = 0.031) and follow up
P = 0.024).
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Herring et  al.  [27] found a mean increase in MVPA in
he intervention group between baseline and follow up, this
ecreased in the control group, resulting in a significant dif-
erence between the two (P  = 0.043), however the difference
as no longer significant 12 weeks thereafter, following a
eriod of no intervention. Jassil et  al.  [23] reported a signifi-
ant increase in strenuous PA minutes/week from a baseline
f zero to 44 (SD 49) (P  < 0.05) and a non-statistically signif-
cant reduction (P  = 0.310) in MVPA following eight weeks
f intervention compared to baseline (no control).

Shah et  al.  [34] reported a significant increase in steps
n the intervention group from ∼5500 to almost 10000
teps/day. There was a statistically significant group by
eek interaction (P  = 0.03) and within group change in the

ntervention group (P  < 0.001). Self-reported time spent in
oderate PA increased by more than three times for the inter-

ention group but remained the same in the control group
hen compared to baseline. Again, there was a significant
roup by week interaction (P = 0.02) and within group change
n the intervention (P  < 0.001) but not in the control group.
here were no changes in self-reported light PA in either of

he groups, and time spent in vigorous PA remained at zero
or both groups at all time points.

Postintervention, Papalazarou et  al.  [26] reported a sig-
ificant increase in PA (P  = 0.001) and a reduction in SB
easured via time spent watching (hours/day) (P  = 0.039),

ompared to the control group. The remaining seven studies
eported that there were no significant differences between
he intervention and control group following the intervention
n either PA or SB.

None of the authors commented on fidelity of delivery i.e.
hether the intervention was delivered as planned; although
ne did report that instructors undertook training prior to
elivering the intervention, which included peer review and
eedback [32].

Attendance, engagement and retention varied across the
tudies, as did the level of detail provided by authors. Baillot
t al.  [30] delivered their intervention presurgery reporting a
ean duration of 32.6 weeks, with variation between partic-

pants due to anticipated surgical dates. Median participant
ttendance was 70 (45–90%) of the total sessions. Of an ini-
ial 30 participants (15 in each group), 25 completed the study
ith 14 and 12 in the intervention and control group respec-

ively. Bond et al.  [37] randomised 80 participants, with 42
nd 38 in the intervention and control group respectively.
hirty-three out of 40 (83%) allocated to the intervention
ompleted all six sessions. Of the 80 who were randomised,
6 went on to have surgery (n  = 22 in intervention, n  = 14 in
ontrol), with final follow up data available for 31.

Carnero et  al.  [31] randomised 66 patients to the interven-
ion group, six of whom did not complete the intervention;
ve reported time constraints with the sixth lost to follow up.

f the 60 participants in this group, 14 were excluded from

nalysis due to insufficient PA data.
Coleman et  al.  [33], randomised 51 participants to the

ontrol or intervention. In the first six months, intervention
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Table 3
BCTs identified in each study.

Reference Control/Intervention BCT identified and confidence (+, ++)
All coded for PA unless indicated. No BCTs for SB were identified.

Baillot et al. 2018 [30]
Control None
Intervention 2.4 Self-monitoring of outcomes of behaviour + 2.6 Bio feedback ++ 3.1 Social support unspecified +

4.1 Instruction ++ 8.1 Behavioural practice rehearsal ++ 8.7 Graded tasks ++ 11.2 Reducing negative
emotions ++

Bond et al. 2017 [29]
Control 1.1 Goal setting ++
Intervention 1.1 Goal setting behaviour ++ 1.2 Problem solving + 1.4 Action planning ++ 1.5 Review goals

behaviour + 1.8 Behavioural contract+ 2.2 Feedback on behaviour ++ 2.3 Self-monitoring behaviour
+ 3.1 Social support unspecified ++ 4.1 Information on how to do the behaviour+ 5.3 Information
about health consequences ++ 6.1 Demonstration of behaviour + 7.1 Prompts and cues+ (PA & SB)
8.2 Behaviour substitution + 8.7 Graded tasks ++ 9.2 Pros and cons + 11.2 Reducing negative
emotions + 12.5 Adding objects to the environment ++ 14.7 Reward incompatible behaviour +

Carnero et al. 2017
[31]

Control 2.3 Self-monitoring behaviour +
Intervention 1.4 Action planning ++

2.1 Monitoring of behaviour by others without feedback ++
2.2 Feedback on behaviour ++
2.3 Self-monitoring of behaviour ++
2.6 Biofeedback ++
4.1 Instruction on how to perform the behaviour ++
6.1 Demonstration of the behaviour ++
8.1 Behavioural practice/rehearsal ++
8.7 Graded tasks ++

Coleman et al. 2017
[33]

Control None
Intervention 1.1 Goal setting ++ 1.4 Action planning ++ 2.2 Feedback on behaviour + 2.3 Self-monitoring

behaviour + 3.1 Social support unspecified + 4.1 Instruction ++ 6.1 Demonstration of the behaviour
(or modelling) ++ 8.1 Behavioural practice ++ 12.5 Adding objects to the environment ++

Hanvold et al. 2019
[28]

Control None
Intervention 1.1 Goal setting ++

1.4 Action planning ++
2.3 Self-monitoring ++
4.1 Instruction on how to perform the BH +
5.1 Information about health consequences +
5.3 Information about social and environmental consequences ++
8.1 Behavioural goals (PA & SB) ++
8.3 Habit formation +
12.5 Adding objects to the environment ++

Herring et al. 2017
[27]

Control 1.1 Goal setting behaviour + 1.2 Problem solving +
Intervention 1.1 Goal setting behaviour ++ 1.2 Problem solving ++ 4.1 How to do behaviour + 8.1 Behavioural

practice/ rehearsal ++ 8.7 Graded tasks ++
Jassil et al. 2015

[23]
1.1 Goal setting behaviour ++ 1.4 Action planning ++ 1.5 Review of behavioural goals ++ 2.1
Monitoring of behaviour without feedback + 2.3 Self-monitoring behaviour ++ 4.1 Instruction on
how to perform the behaviour ++ 8.1 Behavioural practice ++ 8.7 Graded tasks ++ 12.5 Adding
objects to the environment ++

Jimenez-Loaisa et al.
2020 [32]

Control 1.1 Goal setting BH ++
5.1 Information about health consequences ++

Intervention 1.1 Goal setting BH ++
2.2 Feedback on BH ++
4.1 Instruction on how to perform the BH ++
5.1 Information about health consequences ++
8.1 Behavioural practice/ rehearsal ++
10.4 Social reward +

Papalazarou et al.
2010 [26]

Control None
Intervention 1.1 Goal setting behaviour ++ 1.2 Problem solving ++ 1.7 Review outcome goals ++ 2.4

Self-monitoring outcome ++ 10.9 Self-reward++
Sellberg et al. 2018 &
2019 [24,35]

Control None
Intervention 1.1 Goal setting BH ++

1.2 Problem solving ++
1.4 Action planning ++ 8.3 Habit formation +
11.2 Reduce negative emotions +
13.3 Incompatible beliefs +

Shah et al. 2011 [34]
Control None
Intervention 1.1 Goal setting behaviour ++

1.2 Problem solving ++
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Table 3 (Continued)

Reference Control/Intervention BCT identified and confidence (+, ++)
All coded for PA unless indicated. No BCTs for SB were identified.

1.3 Goal setting outcome ++
1.4 Action planning ++
2.1 Monitoring of behaviour by others without feedback ++
2.3 Self-monitoring of behaviour ++
2.7 Feedback on outcome of behaviour ++
4.1 Instruction on how to perform the behaviour ++
6.1 Demonstration of the behaviour ++
8.1 Behavioural practice/ rehearsal ++
8.7 Graded tasks ++

Stolberg et al. 2018
[

Control 5.1 Information about health consequences+
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25] Intervention 2.1 Monitoring of b
behaviour ++ 8.1 B

articipants attended 56% of all classes offered (average
f one class per week) and reported exercising 3.1 (1.7)
ays per week outside of this. Engagement was limited for
ome, who were unable to undertake the intervention as
lanned. Ten (40%) were limited by a pre-existing condition
not detailed) and of the remaining participants, 15 (44%)
eveloped a condition, which limited their participation. Dur-
ng the ‘maintenance phase’ in the following six months,
ttendance reduced to 32% of classes/week and participants
educed their exercise outside of the classes to 2.9 (±1.8)
ays a week. In this later period, contact with the counsellor
ncreased from 69% in the first six months to 93%. Postinter-
ention measures were completed by 23 and 21 participants
rom the control and intervention group respectively with
nal follow up data for 23 and 20 participants respectively.
anvold et  al.  [28] randomised 165 participants; 85 to the

ntervention and 80 to the control group. Average interven-
ion session attendance varied from 35–84%, (8 ±  4 sessions
rom a possible 16 over 2-years). Follow up measures were
vailable for 77 and 65 participants in the intervention and
ontrol groups respectively.

Herring et  al.  [27] randomised 24 participants equally.
ver the 12-week intervention period, mean attendance was
4.2 sessions out 36 (95%). Final follow up data was avail-
ble for 21 participants (n  = 11 and n  = 10 in intervention and
ontrol respectively).

Jassil et  al.  [23] recruited a single cohort of 10 patients;
ight completed the intervention over an eight-week period,
edian attendance was six out of eight sessions (75%).

iménez-Loaisa et  al.  [32] randomised forty participants
qually, and reported an average intervention attendance rate
f 80% (range 68–89%). Follow up data was available for
7 and 15 participants in the intervention and control groups
espectively.

Sellberg et  al.  [24] provided a comprehensive breakdown
or participant attendance. One hundred and fifty-six out
f 259 were randomised to the intervention group; n  = 33
ttended zero sessions, n  = 13 attended one, n  = 13 attended

wo, n = 31 attended 3 and n  = 30 attended four. One hundred
nd twenty intervention participants, and 83 out of 103 from
he control group completed the study follow up.

B
t
i
s

r by others without feedback 4.1 Instruction on how to perform the
ral practice ++ 12.5 Adding objects to the environment +

Shah et  al.  [34] recruited 33 participants, with 21 ran-
omised to the intervention and 12 to the control group. Four
ithdrew from the control group after baseline measures,

hree because they wanted to be in the other group, and one
ue to time constraints. From the 21 participants in the inter-
ention group, five withdrew with four providing follow up
ata.

Stolberg et  al.  [25] randomised 60 participants resulting in
2 in the intervention and 28 in the control group. In the 26-
eek intervention period, 19 out of 32 participants (59.4%)

ttended ≥50% of planned exercise sessions (considered to
e compliant). Data for 27 and 25 participants in the interven-
ion and control group respectively was available for analysis
t 12 months, reducing to 22 and 20 for intervention and
ontrol group respectively at 24-month measures.

Papalazarou et  al.  [26] reported 100% attendance at
ach of the sessions, which was delivered when partici-
ants attended for their usual care and was attributed to
he intervention being intense and delivered on a 1:1 basis
correspondence with author). ROB was assessed using the
ochrane ROB2 tool [22] (see Table 5), because there are
o other suitable tools for behavioural interventions evalu-
ted in randomised studies. All studies were judged to have
some concerns’. The reasons for this included the absence
f a published protocol ahead of the study, lack of masking
f participants and the use of self-reported tools to measure
A or SB.

iscussion

This review identified twelve studies and found mixed
vidence about intervention effects on increasing PA and/
r reducing SB following bariatric surgery. Detail regarding
ntervention and control conditions in particular varied, and
as often lacking in regards to chosen BCTs and the ratio-
ale for their use. This is a significant limitation; by definition

CTs were expected in all studies included in this review as

hey are the ‘active ingredients’ [21] in behaviour change
nterventions, and all the studies included in this review
ought to change at least one of the two target behaviours.
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Table 4
Outcomes, follow up and results.

Reference PA measurement tool and
units

Post intervention or
follow up period

Results

Baillot et al.
2018 [30]

Self-report, IPAQ-SF: METs Follow up 1 year
following surgery
(intervention presurgery)

Changes in the self-reported levels of PA were not significantly
different between groups. According to accelerometery, the
intervention group had a greater number of steps, light and
moderate PA compared to the control group one-year
postsurgery; however, there was no objective baseline measure
of this and the authors acknowledge poor concordance between
self-report and objective measures.

Bond et al.
2017 [29]

Objective, accelerometer:
MVPA mins and steps/day

Follow up 6 months after
surgery (intervention
presurgery).

The intervention group had a greater mean increase in bout
related MVPA of 22.0 (mins/day) increasing from 4.3 to 26.3
(minutes/day) (P = 0.016), compared to the control group
whose mean MVPA increased by 1.0 (minutes/day) from a
baseline of 10.4 (minutes/day). At follow up, mean MVPA in
the intervention group was 28.7 minutes/day, and 18.5 in the
control groups; statistical significance was no longer
maintained (P = 0.15).
The intervention group increased their mean steps/day by 2793
from a baseline of 5163 to 7950 (corrected P = 0.031), which
slightly reduced at follow up to 7870 (P = 0.024) but was still
statistically significant compared to the control group who
increased their steps from a baseline of 5069 to 5601 at
postintervention but reduced to 5087 at follow up.

Carnero et al.
2017 [31]

Objective, accelerometer:
METs, steps

Post intervention: For the
last week of the
intervention which was 6
months in duration.

Both groups significantly increased their steps per day and time
spent in light, moderate and vigorous PA and reduced their
sedentary time, but there was no difference between the groups.

Coleman et al.
2017 [33]

Self-report via questionnaire
with measures of sedentary
activity and questions from
Behavioural Risk Factor
Surveillance survey: MVPA
and sedentary activity
minutes/day.
Pedometer: steps/day

Post intervention (after 6
months of intervention),
repeated 6 months after
the maintenance phase.

No differences between the groups in self-reported PA or
steps/day.

Hanvold et al.
2019 [28]

Self-report, 7-day physical
activity recall questionnaire:
time spent on low, moderate
and high PA.

Post intervention. No differences between the groups in changes in PA level or
time spent on different activities.

Herring et al.
2017 [27]

Self-report, IPAQ-SF: METs.
Objective, accelerometer:
sedentary, light PA, MVPA
and step count

Post intervention
immediately following
the intervention and
follow up 12 weeks
thereafter.

Post intervention, MVPA increased by 10.5 (SD 9.2) (mins/day)
in the intervention from a baseline of 28.3 (SD 24.0)
(minutes/day) (P = 0.043). MVPA in the control group reduced
by -1.5 (SD 14.5) from a baseline of 29.7 (SD 18.7) mins/day).
At follow up, mean MVPA in the intervention group was 7.5
(SD 19.8) mins/day above baseline. This reduced by -3.4 (SD
16.2) in the control group from the baseline, and the difference
between the groups was no longer statistically significant.

Jassil et al.
2015 [23]

Self-report, questionnaire
adapted from National Audit
of Cardiac Rehabilitation:
MVPA minutes

Post intervention; one
month after the
intervention.

Authors report mean time spent on strenuous activity was 44
(49) minutes, from a baseline of zero (P < 0.05), no significant
differences to moderate intensity PA.

Jiménez-
Loasia et al.
2020 [32]

Objective, accelerometer:
time spent in sedentary, light,
moderate to vigorous PA.

Post intervention; six
months after the
intervention and again six
months thereafter.

No increases in PA in the intervention group, at any time point
when compared with the control group.

Papalazarou
et al. 2010
[26]

Self-report, Harokopio
Physical Activity
Questionnaire: METs and
time spent watching
television (hours/day)

Post intervention PA increased from 1.26 (SEM = 0.01) to 1.62 (SEM = 0.04) in
the intervention group and from 1.30 (SEM = 0.20) to 1.34
(SEM = 0.03) in the control group; statistically significant
difference between the groups (P = 0.001). SB reduced in the
intervention group from a baseline of 2.8 (SEM = 0.28)
(hours/day) to 0.80 (SEM = 0.14) and from 2.46 (SEM = 0.35)
to 2.30 (SEM = 0.33), statistically significant difference
between the groups (P = 0.039)
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Table 4 (Continued)

Reference PA measurement tool and
units

Post intervention or
follow up period

Results

Sellberg et al.
2019 [24]

Objective, accelerometer:
sedentary, light and
moderate-vigorous PA.

1-year post intervention No effects of the intervention were found.

Shah et al.
2011 [34]

Self-report, Seven-day
physical activity recall
Objective, pedometer steps

Mid-intervention (6
weeks) and
postintervention.

Self-reported PA increased by more than three times in the
intervention group but was unchanged in the control group.
Significant group by week interaction in the intervention
group (P = 0.02) and within group change (P < 0.001).
Steps/day increased from about 5500 at baseline to nearly
10,000 in the intervention group, and only slightly in the
control group. Group by week interaction (P = 0.03) and
within group change in the intervention group were
statistically significant (P < 0.001).

Stolberg et al.
2018 [25]

Self-report, Recent Physical
Activity
Questionnaire + authors
added 5 questions to home
activities section.
Objective, accelerometer:
METs

Postintervention and
follow up 12 months after
the intervention

No significant difference between the groups at post
intervention or follow up.

Table 5
ROB for each of the studies. * refers to judgement for objective and self-report measures respectively.

Reference Domain 1: ROB
from
randomisation
process

Domain 2: ROB
due to deviations
from intended
intervention

Domain 3: ROB
due to missing
outcome data

Domain 4: ROB in
measurement of
the outcome

Domain 5: ROB in
selection of the
reported result

Overall ROB
judgement
according to
guidance

Baillot et al. 2018
[30]

Low Low Low High Some concerns High

Bond et al. 2017
[29]

Low Some concerns Low Low Some concerns Some concerns

Carnero et al.
2017 [31]

Low Some concerns Low Low Low Some concerns

Coleman et al.
2017 [33]

Low High Some concerns Low/ High * Some concerns High

Hanvold et al.
2019 [28]

Low Some concerns Low High Some concerns High

Herring et al.
2017 [27]

Low Some concerns Low Low/High* Some concerns Some/high*

Jassil et al. 2015*
[23]

N/A Some concerns Low High Some concerns High

Jimenez-Loaisa
et al. 2020 [32]

Low Some concerns Low Low Some concerns Some concerns

Papalazarou et al.
2010 [26]

Low Low Low High Some concerns High

Stolberg et al.
2018 [25]

Low Some concerns Low Low/High* Some concerns Some/high*

Shah et al. 2011
[34]

Low Some concerns Low Low/ High Some concerns Some/high*
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ellberg et al.
2019 [24]

Low Some concerns Low 

he lack of detail regarding control conditions made it dif-
cult to extract BCTs and as a result limited our ability to
raw comparisons between conditions. Five out of the twelve
tudies reported evidence for a positive effect, but this needs
o be interpreted with caution as studies were not statisti-

ally powered to detect changes in PA or SB after bariatric
urgery. It is this specific time period that is of interest in this
eview in line with a research recommendation by NICE,

t
w

Low Some concerns Some concerns

hich seeks to identify if postoperative intervention pro-
rammes improve outcomes including weight and weight
oss maintenance following surgery [5]. Only one study found

 significant reduction in SB, measured as time watching
elevision [26].
Data was extracted for both the intervention and con-
rol groups, although they were not always fully described,
hich necessitated contact with the study authors. Use of the
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IDier checklist would have been helpful and should be con-
idered by researchers, as it would more confidently enable
esearchers and clinicians to appraise the evidence, decide
pon its relevance, and replicate effective interventions [38].

Components of the interventions varied; some involved
epeated supervised exercise sessions over a prolonged
eriod, whilst others were counselling based. Regardless,
ll of the interventions directed participants to increase their
A outside of the sessions, thereby requiring participants to
hange their behaviour.

Authors stated that they used ‘behavioural modification
echniques’ [26], ‘the most enduring strategies for behaviour
hange’ [33] and employed ‘self-regulatory behaviour
hange techniques’ [23], but the target behaviour to which
hese strategies or techniques related to was not always clear.

BCTs associated with initiation of PA were present in
our of the five interventions that showed positive effect:
emonstration of the behaviour [23,27,29], behavioural prac-
ice/rehearsal [23,27] and graded tasks [23,27,29,34]. BCTs
ssociated with maintenance of PA [39], were present in five
f the interventions with significant positive effects: action
lanning (BCT 1.4) [23,29,34], how to perform the behaviour
BCT 4.1) [23,27,29,34] prompts and cues (BCT 7.1) [29],
ehavioural practice and rehearsal (BCT 8.1) [23,27,34],
raded tasks (BCT 8.7) [23,27,29,34] and self-reward (BCT
0.9) [26]. Thus, this review provides preliminary support
he use of these BCTs from primary research in this patient
roup.

Of the seven studies that measured SB [24–28,32,33] only
ne found a reduction following the intervention [26]. How-
ver, as BCTs could not be coded for this target behaviour, this
eview is unable to add to the evidence base for interventions
o reduce SB after bariatric surgery. Drawing from the wider
iterature, meta-analytical evidence suggests that promising
CTs may include: self-monitoring [40], social comparison,
roblem solving, demonstration of the behaviour, goal set-
ing (behaviour), behaviour substitution, and habit reversal
41].

Future research that seeks to change PA or SB should
nsure that the rational for and descriptions of BCTs are clear.
he latter could be achieved by using the BCTT[v1] [21].
esearchers should also state whether the intervention aims

o support initiation or maintenance of PA or SB as there is
vidence that effective BCTs may differ [39].

Both objective and self-reported tools were used to mea-
ure PA and SB. In eight of the 12 studies questionnaires
ere used. Compared with objective measuring tools, ques-

ionnaires are cheap, more easily available, reliable, but their
alidity has been questioned as they are susceptible to bias
20]. Where self-reported and objectively measured PA has
een compared, validity has been described as ‘moderate at
est’ [42,43] and is supported by a study in this review [27];

here was a significant difference between the groups accord-
ng to accelerometer data but not the IPAQ-SF. It is important
o note that self-reported outcomes allow only a proxy mea-
ure of time spent being physically active, whereas objective

t
p
t
s
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ools quantify PA [44], but this must be balanced against
vailable clinical resources.

We found that interventions that required the greatest time
ommitments in terms of participant attendance and contact
ours showed lower session attendance [30] and engagement
33]. Conversely interventions with positive effect were either
elatively short in duration six [29], eight [23] or 12 weeks
27,34] or combined with participants’ usual care appoint-
ents [26] over a longer period of time. Sellberg et  al.  [24]

eflected on participant attendance and suggested that time
ommitments required for the intervention (4 sessions of
.5 hours duration) might not be suited to this patient group
nd alternative delivery methods should be considered. Time
as cited by other authors as a factor in participant with-
rawal [31,34] as was the unacceptability of randomisation
o control conditions [27,34] and these issues should be con-
idered in future research. It might be more appropriate to
andomise sites rather than individuals to reduce the risk
f participant withdrawal for this reason. Participant bur-
en must be reduced as much as possible with alternative
odes of delivery considered. For example, publicly avail-

ble online platforms e.g. Skype or Zoom could be used.
lthough these are non-traditional methods of delivering

nterventions, their use has increased during the Covid-19
andemic as they ensure ‘social distance’, and it would also
elp to protect this patient group who are at greater risk of
erious disease from Covid-19 [45]. Both of these issues are
llustrated by primary qualitative research with participants
rom cardiac rehabilitation, which found that reasons for par-
icipants’ disengagement can be due to their perception of the
rogramme and intervention characteristics, including their
in]convenience [46].

A limitation of the studies in this review are that none
eported on fidelity — the extent to which interventions were
elivered as intended. As a result, it can be challenging
o confidently attribute positive effect or lack of thereof to
he intervention as this could be due to [sub-optimal] deliv-
ry rather than the intervention itself [47–49]. Strategies to
romote treatment fidelity such as assessment of adherence
o intervention protocols in behavioural interventions and
ssessment of fidelity mean that validity and reliability could
e more confidently assured [50]. This is particularly impor-
ant in interventions where there is potential for variation,
or example in multicentre studies where there are differ-
nt facilitators delivering the intervention. Future complex
ntervention studies which seek to change behaviour should
nclude fidelity assessments to assess if the intervention has
een delivered as planned and if participants have the neces-
ary skills to be able to implement the intervention even if it
s delivered faithfully [50,51].

Although every study was deemed to have at least some
oncerns for bias, this does need to be seen in the con-

ext of interventions where either it is not possible to mask
articipants to their allocation, or because the participants
hemselves are the assessor of the outcome due to the use of
elf-reported outcome measures [52]. The ROB judgements
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n this review are consistent with those in other behaviour
hange studies, and a reflection of the tool used which is more
uited to bio-medical trials, where variables can be controlled
o provide internal validity to infer causality and are not nec-
ssarily reflective of real-life situations [52,53]. The lack of a
alid and reliable risk of bias tool for behaviour change inter-
entions evaluated in randomised studies meant that the team
hose the Cochrane Risk of Bias ROB2 tool [22]. Although
his tool is not ideally suited to behaviour change research,
t was able to highlight that future studies could reduce their
isk of bias by using objective rather than self-reported mea-
ures which would help to strengthen evidence of efficacy
nd effectiveness.

trengths  and  limitations

A strength of this review is that the methods were robust;
uthors were contacted as required to obtain missing or addi-
ional information and two members of the research team
xecuted each stage; screening, data extraction and ROB
ssessment. Rather than focusing solely on the efficacy of
he interventions on PA and SB, this review also considered
ow healthcare professionals might facilitate changes in the
wo target behaviours using BCTs. This is particularly valu-
ble to clinicians whose role, either as specialists or as part of

 wider public health strategy is to support patients to increase
A and/or reduce SB.

A limitation is that grey literature was not searched and
rticles that were not published in English were excluded.
eta-analysis could not be conducted due to the hetero-

eneity of the outcomes and their measurements used in this
eview.

onclusion  and  implications  of  key  findings

In conclusion, this review identified evidence from five
nterventions that were able to provoke increases in PA but
nly one demonstrated a reduction in SB. Importantly none
f these studies were powered with PA or SB as the primary
utcome measure, measured postsurgery. It is this specific
ime-period, which is the focus of the review as there is evi-
ence that changes in the two target behaviours of PA and
B after surgery might have a positive impact on patients’
ostsurgical and longer-term outcomes.

Details regarding intervention and control conditions in
articular varied and the choice of and rationale for BCTs
as not always clear. This is an important finding from the

eview; there is robust evidence for the physiological effects
f increasing PA and reducing SB, which clinicians can use as
vidence to support the aim of their treatment plans, but a lack

f evidence for how to facilitate changes in these two target
ehaviours using BCTs. Any study that seeks to change a tar-
et behaviour should be explicit with regards to the rationale,
hosen BCTs and whether the aim is to initiate or maintain
apy 115 (2022) 1–17 15

ehaviour change. Therefore, there is a need for high-quality
tudies evaluating theory and evidence-based interventions
o promote PA and reduce SB, that clinicians can use to help
atients to change these target behaviours and optimise their
ostsurgical outcomes.
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