
Vol.:(0123456789)1 3

International Journal of Behavioral Medicine (2023) 30:167–189 
https://doi.org/10.1007/s12529-022-10092-8

INTEGRATIVE REVIEW

Effect of In‑Person Delivered Behavioural Interventions in People 
with Multimorbidity: Systematic Review and Meta‑analysis

Alessio Bricca1,2  · Madalina Jäger1,2 · Marie Johnston3 · Graziella Zangger1,2 · Lasse K. Harris1,2 · Julie Midtgaard4,5 · 
Søren T. Skou1,2

Accepted: 18 April 2022 / Published online: 28 April 2022 
© The Author(s) 2022

Abstract
Background To investigate the effect of in-person delivered behavioural interventions in people with multimorbidity and 
which behaviour change techniques (BCTs), targeting lifestyle behaviours, are associated with better outcomes.
Methods Systematic review of randomised controlled trials. We searched MEDLINE, EMBASE, CENTRAL, and CINAHL 
and screened reference list of reviews including people with multimorbidity, registries, and citation tracking of included 
studies. Meta-analyses using random-effects model to assess the effect of behavioural interventions and meta-regression 
analyses and effectiveness ratios to investigate the impact of mediators on effect estimates. Cochrane ‘Risk of Bias Tool’ 2.0 
and the GRADE assessment to evaluate the overall quality of evidence.
Results Fourteen studies involving 1,378 people. Behavioural interventions had little to no effect on physical activity (stand-
ardised mean difference 0.38, 95% CI −0.12–0.87) and the effect on weight loss was uncertain (BMI mean difference −0.17, 
95% CI −1.1–0.83) at the end-treatment follow-up. Small improvements were seen in health-related quality of life (SMD 
0.29, 95% CI 0.17–0.42) and physical function (SMD 0.42, 95% CI 0.12–0.73), and moderate improvements were seen for 
depression symptoms (SMD −0.70, 95% CI −0.97–0.42). Studies using the BCTs ‘action planning’ and ‘social support 
(practical)’ reported greater physical activity and weight loss.
Conclusions Behavioural interventions targeting lifestyle behaviours may improve health-related quality of life and physi-
cal function, and reduce depression, whereas little to no effect was achieved on physical activity and weight loss in people 
with multimorbidity. However, the evidence for physical activity and weight loss were of low quality and the end-treatment 
benefits diminished over time.
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Introduction

Living with multiple chronic conditions (i.e., multimor-
bidity) is very common not only in the elderly population 
[1]. Compared to people living with single chronic condi-
tions, people with multimorbidity are at increased risk of 
dying prematurely, being admitted to and have an increased 
length of stay in the hospital [2, 3], have poorer physical 
and psychosocial health, higher intake of multiple drugs, 
and increased health care utilisation [4, 5]. This challenges 
the current usual care of people with multimorbidity focus-
ing on single-disease management approaches as opposed 
to individualised, multimorbidity care [6, 7].

Individualised care for people with multimorbidity 
includes recommendations related to a healthy lifestyle 
[8]. Physical activity is low in people with multimorbidity 
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[9], although being a key behaviour for survival and over-
all health alongside a healthy diet, not smoking, and low 
alcohol consumption [10]. While interventions target-
ing lifestyle behaviours, including physical activity and 
diet, benefit people with single chronic conditions [11] 
and those at risk of developing chronic conditions [12], 
less is known about their effects in people with multi-
morbidity, which are often excluded from clinical trials 
[13]. Some behaviour change techniques (BCTs) that is 
‘an observable, replicable and irreducible component of 
an intervention designed to alter or redirect causal pro-
cesses that regulate behaviour such as action planning, 
self-monitoring and goal setting’ [14] are strongly associ-
ated with improved health behaviours in people without 
chronic conditions [11]. The self-regulatory process may 
be the driver of these benefits; however, the association 
between BCTs and health behaviours in people with mul-
timorbidity is unclear, including why some BCTs may be 
more effective than others.

Due to the complexity of multimorbidity, to provide 
individualised care, it has been suggested to focus on spe-
cific combinations of conditions, linked by specific risk 
factors (e.g., inactivity) and pathogenesis (e.g., systemic 
low grade inflammation) [15–18]. Osteoarthritis of the 
knee or hip, hypertension, type 2 diabetes, depression, 
heart failure, ischemic heart disease, and chronic obstruc-
tive pulmonary disease are among the leading causes of 
global disability [19]. Given these conditions are triggered 
by physical inactivity and systemic low grade inflamma-
tion, interventions targeting physical activity have the 
potential to improve the physical and psychosocial health 
of this population, thanks to the anti-inflammatory effect 
of physical activity [20]. However, to our knowledge, no 
systematic reviews have investigated the effect of behav-
ioural interventions and BCTs in the aforementioned com-
binations of (medical) conditions. While the BCTs that are 
effective for people without chronic conditions may well 
work also for people with multimorbidity, it is important 
to gather direct evidence (i.e., evidence delivered to the 
populations in which we are interested) to generalise the 
result to the multimorbidity population. Providing a sum-
mary of the effect of behavioural interventions in this pop-
ulation and identifying effective BCTs to improve lifestyle 
behaviours and the physical and psychosocial health of 
people with multimorbidity may also help to individualise 
treatment options for this population.

This systematic review aims to investigate the effect of 
behavioural interventions and BCTs on behavioural, physi-
cal, and psychosocial outcomes in people with at least two of 
the following chronic conditions: osteoarthritis of the knee 
or hip, hypertension, type 2 diabetes, depression, heart fail-
ure, ischemic heart disease, and chronic obstructive pulmo-
nary disease.

Methods

We followed the Cochrane Handbook recommendations 
for performing systematic reviews [21] and and the Meth-
odological Expectations of Cochrane Intervention Reviews 
(MECIR) for performing this systematic review [22]. This 
systematic review was reported following the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) guidelines [23]. The protocol for this systematic 
review was made publicly available on the Open Science 
Framework website [24] before the title and abstract screen-
ing phase was initiated.

Eligibility Criteria

Population The review included RCTs published in peer-
reviewed journals including adults (≥ 18 years old), and 
including people diagnosed with at least two of the following 
conditions (based on clinical records or screening with vali-
dated instruments): osteoarthritis of the knee or hip, heart 
failure, ischemic heart disease, hypertension (systolic blood 
pressure ≥ 140 and diastolic blood pressure ≥ 90), type 2 
diabetes mellitus, chronic obstructive pulmonary disease, 
and depression as defined by the studies or calculated from 
baseline participant characteristics. As an example, we only 
included studies in people with depressive symptoms which 
required treatment. This is in line with clinical guidelines 
for depression, highlighting that a patient with any degree 
of depression severity is considered to have depression if 
offered a treatment [25]. This approach prevented us from 
including studies that included people that did not have clini-
cal depression.

Interventions Interventions were included if they targeted 
self-directed health behaviours. For example, multifaceted 
interventions to increase physical activity and/or weight loss, 
among other lifestyle behaviours, delivered by health care 
providers in a group or one-to-one format.

BCT Coding

Interventions were coded for BCTs using the Behaviour 
Change Technique Taxonomy (v1) [14] by two researchers 
(MJä and GZ). The BCT taxonomy is a reliable method 
for specifying, interpreting, and implementing the active 
ingredients of interventions to change behaviours. The 
BCT Taxonomy v1 contains a cross-domain, hierarchically 
structured taxonomy of 93 distinct BCTs with labels, defini-
tions, and examples [14], and it is a useful method for both 
research and practice. Each of the researchers coded all the 
interventions independently. Disagreements were resolved 
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through discussion, and a third reviewer (MJo) mediated 
where a consensus could not be reached. MJä and GZ are 
trained in using the taxonomy and practised coding BCTs 
before this task via the online BCT community (https:// 
www. bct- taxon omy. com/). All the intervention elements 
that contain specific BCT were coded. Only interventions 
(components) that closely correspond to the definitions of 
the BCTs provided in the taxonomy were coded. Authors 
were contacted if data was missing or unclear, and interven-
tion protocols (or manuals) were requested to aid the BCT 
coding, if they were not included in the RCT publications 
or as additional materials.

Comparators Studies comparing interventions targeting 
self-directed health behaviours (i.e., physical activity and/or 
weight loss) to usual/standard (e.g., advice from their health 
care provider).

Outcomes The rationale for including these outcomes is 
based on a consensus study (including 26 experts from 13 
countries) which identified core outcomes for multimorbid-
ity intervention studies [26]. This consensus highlighted the 
importance of selective outcome measures relevant for peo-
ple with multimorbidity to help create a body of evidence 
for people with multimorbidity as opposed to people with a 
single condition. Additionally, the choice of adding weight 
loss as an outcome was supported by the patient partner of 
MOBILIZE (the study within which the review was con-
ducted) with whom we discussed the systematic review and 
outcome measures included. We included studies assessing 
at least one of the following outcomes:

Physical activity (objectively measured or self-reported),  
weight loss, physical function (objectively measured or 
self-reported); health-related quality of life and depres-
sion symptoms.
Physical activity and weight loss were the prespecified 
primary outcomes [24]. These outcomes were included 
to adhere to recommendations from a consensus paper 
on which outcomes to use in intervention studies, includ-
ing people with multimorbidity [26]. The choice of these 
outcomes was also supported by the patient partners of 
MOBILIZE who were invited to comment on the current 
systematic review and the outcome measures included.

Exclusion Criteria We excluded interventions not targeting 
physical activity, those targeting health care profession-
als, and those solely delivered via a digital solution (i.e., 
eHealth) to avoid repetition of an on-going systematic 
review (https:// osf. io/ 5nwyr/). RCTs published in languages 
other than English, Scandinavian, and Italian and RCTs 
including less than 100% of participants with at least two of 

the chronic conditions of interest for this systematic review 
were also excluded.

Literature Search We searched for studies in the Cochrane 
Database of Systematic Reviews, MEDLINE via PubMed, 
EMBASE via Ovid, CINAHL (including preCINAHL) via 
EBSCO, and the World Health Organization International 
Clinical Trials Registry Platform (ICTRP). The search was 
performed on June 19th, 2020, and was adapted from two 
reviews of the MOBILIZE project [27] https:// osf. io/ eszb7/ 
(Additional file 1). The search was restricted to studies 
published after 2000 given that RCTs published before this 
date would likely not reflect the interventions, and behaviour 
change techniques used, provided currently. Additionally, 
the reference lists of the included articles and citation track-
ing were also performed using Web of Science. We also 
screened the latest Cochrane systematic review reference 
lists, including people with multimorbidity [17]. Further-
more, we screened for completed trials in the World Health 
Organization’s ICTRP http:// apps. who. int/ trial search/ com-
prising the 16 primary registries of the WHO registry net-
work and ClinicalTrials.gov. We additionally searched Web 
of Science for studies citing the RCTs included in this sys-
tematic review (citations tracking).

Search Method and Study Selection The search strat-
egy was developed for MEDLINE and was customised 
for EMBASE, CINAHL, and CENTRAL (Additional file 
Table 1). All terms were searched both as keywords (Mesh) 
and as text words in title and abstract, when possible. We 
used the Cochrane sensitive search strategy for identifying 
RCTs. We have not search for unpublished studies due to the 
several issues related to identifying these studies [28]. The 
literature search results were uploaded to Covidence, and 
two reviewers (AB and LKH) independently screened titles 
and abstracts. All studies deemed eligible by at least one of 
the two reviewers were checked independently in full text by 
the same two reviewers. Disagreements between the review-
ers about the inclusion of individual studies were discussed 
until consensus was reached. We recorded the reasons for 
excluding full-text RCTs. To identify multiple reports from 
the same study, we checked whether multiple reports from 
the same study were published by juxtaposing author names, 
treatment comparisons, sample sizes, and outcomes. If mul-
tiple reports of the same studies provide different study char-
acteristics such as the number of participants and presence 
of chronic conditions, we used the primary publication.

Data Collection The following data were extracted from 
end-treatment follow-ups (immediately after the interven-
tion) and follow-ups as close to 12 months as possible.

https://www.bct-taxonomy.com/
https://www.bct-taxonomy.com/
https://osf.io/5nwyr/
https://osf.io/eszb7/
http://apps.who.int/trialsearch/
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Study characteristics: location of the trial, number of 
patients allocated to the exercise and comparator groups, 
respectively, number of patients in the intention to treat 
(ITT), and per protocol analysis, in the intervention and 
comparator groups, respectively.

Participant characteristics: age, proportion of female, 
body mass index (BMI), baseline severity and diagnosis of 
the conditions, and number, type, and frequency of other 
conditions ethnicity, and socioeconomic status (SES) (i.e., 
studies were labelled as ‘low SES’ when most of the par-
ticipants were described as having low education levels, low 
income, being unemployed, homeless, receiving government 
benefits, in prison, or sample was labelled as ‘low SES’ in 
the included RCTs) [29].

Intervention and comparator characteristics using the 
Template for Intervention Description and Replication 
(TIDieR) checklist [30]. This includes 12 items that are brief 
name of the intervention, why (rationale, theory, or goal 
of the elements essential to the intervention), what (mate-
rials used in the interventions), what (procedure activities 
and/or processes used in the intervention), who provided 
the intervention (e.g., exercise physiologist), how (modes 
of delivery), where (type(s) of location(s) where the inter-
vention occurred), when and how much (number of times 
the intervention was delivered), tailoring (if the intervention 
was planned to be personalised, titrated, or adapted, then 
describe what, why, when, and how), modifications (if the 
intervention was modified during the study), describe the 
changes (what, why, when, and how), how well (planned 
adherence and fidelity), and how well (actual adherence and 
fidelity).

Outcome characteristics: time points assessed and the 
magnitude of objectively and subjectively measured changes 
(e.g., change in physical activity). To avoid multiplicity, we 
used a hierarchy of selection rules for the outcomes.

Outcome Selection Hierarchy We prioritised extracting 
generic outcome measures, rather than disease-specific, that 
were most reported (e.g., 6MWT) for each outcome domain 
(e.g., physical function). This method has been previously 
applied for people with multimorbidity [15] and was guided 
by a scoping review mapping the behaviour change tech-
niques used in patient-centred interventions for people with 
multimorbidity (https:// osf. io/ svt35/).

For objectively measured physical activity, we priori-
tised: (1) accelerometer measures (e.g., daily time spent in 
moderate to vigorous physical activity); (2) pedometer (e.g., 
outcomes such as step counts); and (3) any other outcome 
measure related to objectively measured physical activity.

For subjectively measured physical activity, we pri-
oritised: (1) the Global Physical Activity Questionnaire; 
(2) the Physical Activity Scale for the Elderly (PASE) 

Questionnaire; (3) the International Physical Activity Ques-
tionnaires (IPAQ) long, short form, and modified versions 
(e.g., for the elderly); and (4) any other outcome measure 
related to subjectively measured physical activity.

For weight loss outcome measures, we prioritised: (1) 
change in body mass index; (2) change in weight; and (3) 
any other measure.

For health-related quality of life, we prioritised: (1) the 
EQ-5D questionnaire, (2) any other general health-related 
quality of life questionnaires (e.g., the 36-item Short-
Form Health Survey physical component summary), and 
(3) disease-specific health-related quality of life question-
naires (e.g., The Minnesota Living with Heart Failure 
Questionnaire).

For objectively measured physical function, we priori-
tised: (1) the 6-minute walking test, (2) Incremental Shuttle 
Walking Test, and (3) any other outcome measure related to 
daily function (e.g., chair stand test).

For self-reported physical function, we prioritised: (1) 
the SF-36 Physical Function subscale, (2) the SF-36 Role 
Function subscale, and (3) any other self-reported measure 
of physical function.

For continuous outcomes, we extracted the number of 
participants, mean and standard deviation, standard error 
or 95% confidence interval, P value, or other methods 
recommended by the Cochrane Collaboration [21]. If the 
data could not be extracted from the published studies, we 
emailed the corresponding author a checklist including the 
data we aimed to obtain. If the email we sent bounced back, 
we contacted the second author and so forth. After 3 days, 
we sent a reminder. After 7 days of the first email, we re-sent 
the email to the corresponding and last authors. A second 
reminder followed 10 days after the first email. We consid-
ered the data as missing after not receiving any communica-
tion from the authors 15 days after sending the first email.

Risk of Bias Assessment and Overall Evaluation 
of the Quality of the Evidence

The two reviewers (AB and LKH) independently assessed 
the internal validity of all included studies using the 
Cochrane ‘Risk of Bias Tool’ (version 2.0). This tool 
includes the following domains: (1) bias arising from the 
randomisation process; (2) bias due to deviations from the 
intended interventions; (3) bias due to missing outcome 
data; (4) bias in measurement of the outcome; and (5) bias 
in selection of the reported result. Within each domain, 
the two reviewers answered one or more signalling ques-
tions (e.g., Was the allocation sequence random? Were 
participants aware of their assigned intervention during 
the trial?) which led to judgments of ‘low risk of bias’, 
‘some concerns’, or ‘high risk of bias’. The judgments 

https://osf.io/svt35/
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within each domain lead to an overall risk-of-bias judg-
ment for the assessed outcome [21]. Disagreements were 
resolved through discussion until consensus was reached. 
The overall quality of evidence for the estimates was eval-
uated using the GRADE (Grading of Recommendations 
Assessment, Development and Evaluation) approach [31]. 
The GRADE is a systematic approach to rate the quality of 
evidence across studies for specific outcomes. It is based 
on five domains that involve the methodological flaws of 
the studies (i.e., risk of bias), the heterogeneity of results 
across studies (i.e., inconsistency), the generalisability of 
the findings to the target population (i.e., indirectness), 
the precision of the estimates, and the risk of publication 
bias [31].

Synthesis of Results

We performed meta-analysis to assess the average effect of 
behavioural interventions on the outcomes of interest using 
a random-effects model as heterogeneity was expected due 
to differences in interventions, outcome measures, etc. 
Statistical heterogeneity was examined as between-study 
variance and calculated as the I-squared statistic measur-
ing the proportion of variation in the combined estimates 
due to between-study variance. An I-squared value of 0% 
indicates no statistical heterogenity between the results of 
individual studies, and an I-squared value of 100% indicates 
maximal statistical heterogentity. Standardised mean differ-
ences (SMDs) with 95% CIs were calculated for outcome 
measures of continuous data but measured in different ways 
(e.g., all studies measured physical activity, but they use 
different objective tools) and adjusted to Hedges’ g. On the 
other hand, for outcomes of continuous data measured in the 
same way (e.g., all studies measured weight loss assessing 
the BMI), the mean differences (MDs) with 95% CIs were 
calculated. The magnitude of the effect size of the pooled 
SMD was interpreted as 0.2 representing a small effect, 0.5 
a moderate effect, and 0.8 a large effect [21]. For outcome 
measures where a meta-analysis was not possible, a nar-
rative data synthesis of the results from individual studies 
was performed in line with the guidance from the Cochrane 
Handbook [21]. When several intervention groups were 
compared to one control group, the number of participants 
in the control group was divided by the number of inter-
vention groups, and each was analysed as a separate study 
comparison [21]. Meta-analyses were performed in STATA 
(V.17.0) using the ‘meta’ command.

Meta‑regression Analyses and Effectiveness Ratio

Prespecified meta-regression analyses [24] were performed 
to explain heterogeneity by exploring the association of 

different BCTs, participants, studies, and intervention char-
acteristics with effect estimates. Given the explorative nature 
of such analyses, the most commonly reported (at least in 
10 studies as per Cochrane Handbook guidelines) patient, 
intervention, and study characteristics were chosen as mod-
erators, but no prior hypotheses were made on the possible 
associations. However, since too few studies were included 
in the meta-analyses for physical activity and weight loss, 
we did not perform meta-regression analysis for these out-
comes according to the Cochrane Handbook [21]. Instead, 
we investigated the association between BCTs and these 
outcomes narratively, by calculating the effectiveness ratios 
(i.e., the ratio of the number of times each BCT was used in 
an effective trial divided by the number of times the BCT 
was used in all trials). This was not prespecified. An effec-
tive trial was defined as a trial reporting a statistically sig-
nificant between-group difference (P < 0.05) or a SMD ± 
0.2 [21] in favour of the intervention group. This method has 
been used in published systematic reviews of similar topics 
[32–34], is deemed acceptable by the Cochrane Handbook 
[35], and was only used when at least three study compari-
sons were available to avoid overinterpreting the results.

Sensitivity and Additional Analyses not Prespecified

We performed two sensitivity analyses to explore the 
robustness of the findings. First, given that physical activ-
ity and physical function are on the same continuum in 
the International Classification of Functioning, Disability 
and Health contextualisation, they were pooled together 
in one meta-analysis [36]. Second, the meta-analysis on 
health-related quality of life was repeated, including the 
mental component scores instead of the physical compo-
nent scores of the SF-12 [37–40]. This was done due to the 
fact that both the physical and mental component scores of 
the SF-12 can be used to measure health-related quality of 
life. Furthermore, as the majority of the studies included 
patients with depression and targeted depression symptoms 
in addition to lifestyle behaviours, we also assessed the 
effect of behavioural intervention on depression symptoms.

Patients’ Involvement

The MOBILIZE project is committed to patient involvement 
and has so far included patients living with multimorbidity 
in all aspects of the decision-making process in the project. 
Their experiences, needs, and preferences play an important 
role in developing a novel intervention (Collaborate level on 
the IAP2 Spectrum of Public Participation). For this system-
atic review, two patient partners of the MOBILIZE project 
were introduced to the review and provided feedback on 
what outcomes to include, before starting the review.



175International Journal of Behavioral Medicine (2023) 30:167–189 

1 3

Results

Study Selection and Characteristics

The search identified a total of 1226 unique publications, 
of which 95 individual RCTs were identified and full texts 
screened for potential eligibility. Ultimately, we included 14 
studies (see Additional file 2 for an overview). The included 
studies were conducted in 7 countries: USA [37, 38, 40–45], 
Croatia [46], Sweden [47], Iran [48], Turkey [49], Greece 
[50], and Taiwan [39] and were published from 2010 to 
2019. The study authors of two studies [38, 50] were con-
tacted for clarification on outcome data and for requesting 
additional data. Both authors replied, clarified, and provided 
the data requested. The characteristics of the included stud-
ies are reported in Table 1.

Participant Characteristics

The overall mean age of the participants (n = 1,378) 
included in the studies was 58.1 (SD ± 4.7), 50.9% were 
female, and mean BMI was 32.5 (SD ± 4.6). The most com-
mon combination of conditions reported was type 2 diabetes 
and depression in 6 studies [37, 39, 40, 43, 45, 46], depres-
sion and heart failure in 5 studies [38, 42, 48–50], type 2 
diabetes and heart failure in 2 studies [41, 47], and hyperten-
sion and type 2 diabetes in one study [44].

Intervention and Comparator Group Characteristics

All the interventions targeted lifestyle behaviours, including 
physical activity and healthy diet. The interventions were 
multifaceted and, in addition to usual care (e.g., counsel-
ling from their health care provider), the most commonly 
used components were exercise therapy in 8 studies [37, 
42, 45–50], cognitive behavioural therapy (CBT) in 4 stud-
ies [37–39, 42], patient education in 3 studies [37, 42, 46], 
self-care in 2 studies [41, 43], and motivation enhancement 
therapy [39], pharmacology [43], and behavioural activation 
[45] in one study. Exercise together with patient education 
and CBT or behavioural activation was used in 3 studies [37, 
42, 45]. The comparator groups included in meta-analyses 
were usual care (Table 1). Therefore, when several interven-
tion groups were included in an RCT, the between-group 
difference was reported for all the interventions versus a 
comparator group. For example, when a study had two 
intervention groups (e.g., Exercise and CBT) and one com-
parator group (Usual care), we compared ‘Exercise’ versus 
‘Usual care’ and ‘CBT’ versus ‘Usual care’, and reported the 
results as two separate study comparisons. This procedure is 
in accordance with the Cochrane Handbook [21]. The BCTs 

used in the included studies to target lifestyle behaviours 
such as physical activity and weight loss are reported in 
Additional file 3. Overall, the BCTs most commonly used 
were ‘Instructions on how to perform the behaviour’ (BCT 
4.1) in all the studies but one [43], ‘Social support unspeci-
fied’ (BCT 3.1) in 11 studies [37–39, 41–45, 48, 49], and 
‘action planning’ (BCT 1.4) in 9 studies [37, 38, 40, 42, 45, 
47–50]. The clusters of BCTs most commonly used were 
‘Goals and planning’ and ‘Feedback and monitoring’ which 
were present 27 times in the 14 included studies.

Outcome Characteristics

Physical activity was reported in 8 studies [38, 40, 41, 
43–45, 49, 50], of which 5 used an objective assessment 
(e.g., accelerometer) [38, 40, 45, 49, 50] and 3 a self-
reported tool [41, 43, 44]. Weight loss was reported in 6 
studies [37–39, 44, 45, 50] of which 5 studies reported data 
about the BMI of the participants and one as kg [44]. Physi-
cal function was reported in 7 studies [37, 38, 40–42, 47, 48] 
of which 5 studies used an objective assessment (i.e., the 6 
minutes walking test) [37, 38, 41, 42, 47] and two used a 
self-reported tool (i.e., the SF-12) [40, 48]. Health-related 
quality of life was reported in 10 studies [37–43, 47, 49, 
50]. Characteristics of the outcome measures are reported 
in Table 1.

Effect of Behavioural Interventions on Physical 
Activity

Five studies were included in the meta-analysis on physical 
activity. At the end-of-treatment follow-ups (mean 16 weeks 
(SD ± 4)), on average behavioural interventions appeared to 
have little effect on objectively measured physical activity (k 
= 5; n = 548; SMD 0.38, 95% CI −0.12 to 0.87; I2 = 83.6%) 
(Fig. 1); however, the evidence is uncertain. Only one study 
[45] reported data on long-term follow-up (24 weeks post 
randomisation), showing no difference on objectively meas-
ured physical activity between the intervention and compara-
tor group (k = 1; n = 29; SMD 0.13, 95% CI −0.58 to 0.84).

Three studies assessed self-reported physical activity 
[41, 43, 44]. The results of these three studies were sum-
marised narratively as no meta-analysis was deemed eligi-
ble due to large differences in reporting of the self-reported 
physical activity outcome measures. Overall, these three 
studies reported that the participants in the intervention 
groups were more physically active than the participants 
in the control groups at the end-treatment follow-up (mean 
33 weeks, SD ± 16). One study [41] reported that the 
percentage of participants physically active (i.e., having a 
Community Healthy Activities Model Program for Seniors 
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(CHAMPS) questionnaire score > 6) was 74.5% in the 
intervention group and 59.5% in the comparator group. 
Another study [43] reported that the percentage of par-
ticipants physically active (two or more times per week) 
was 68.5% in the intervention group and 32.5% in the com-
parator group. While yet another study [44] reported that 
the participants in the intervention group improved their 
physical activity level (assessed with the CHAMPS ques-
tionnaires) more than the comparator group (P < 0.05).

BCTs Associated with Physical Activity (Objectively 
Measured and Self‑Reported)

Overall, 12 BCTs were reported in at least 3 study compari-
sons at the end-treatment follow-up, and effectiveness ratios 
were calculated. Ten of the 12 BCTs tested had an effec-
tiveness ratio of more than or equal to 75%, with the BCT 
3.2 ‘social support (practical)’ and BCT 1.4 ‘action plan-
ning’ having an effectiveness ratio of 100% (Fig. 2). At the 

Fig. 1  Forest plot for the effect of behavioural interventions compared to a usual care comparator group on objectively measured physical activ-
ity. SMD, standardised mean difference; 95% CI, 95% confidence interval

Fig. 2  Effectiveness ratio of 
BCTs in behavioural ran-
domised controlled trials includ-
ing people with multimorbidity. 
Effectiveness ratio (x-axis) = 
number of times each BCT 
(y-axis) was used in an effective 
trial divided by the number of 
times they were a component of 
all studies using the BCT; the 
higher the ratio, the more often 
the BCT was found effective out 
of the total number of studies 
included; x-axis = effectiveness 
ratio, y-axis = BCTs
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follow-up closest to 12 months, we were unable to calculate 
effectiveness ratios due to insufficient data. Additional file 4 
reports the raw data for calculating the effectiveness ratios.

Effect of Behavioural Interventions on Weight Loss

Five studies were included in the meta-analysis on weight 
loss [37–39, 45, 50] with end-of-treatment follow-ups (mean 
18 weeks (SD ± 7)). It is uncertain whether on average 
behavioural interventions had an effect on weight loss (k = 
6; n = 356; BMI mean difference −0.17, 95% CI −1.17 to 
0.83: I2 = 13.3%) (Fig. 3). The study not included in a meta-
analysis reported that the intervention group lost 1.8 kg (95% 
CI −4.3 to 0.8) more than the comparator group [44]. Two 
studies were included in the meta-analysis with long-term 
follow-ups (24 months post randomisation) [39, 45] show-
ing uncertainty for the effect of behavioural interventions on 
weight loss (k = 2; n = 86; BMI mean difference −0.54, 95% 
CI −2.70 to 1.62; I2 = 0.0%) (Additional file 4).

BCTs Associated with Weight Loss

Overall, 11 BCTs were reported in at least 3 study com-
parisons, and effectiveness ratios were calculated. Five of 
the 11 BCT tested had an effectiveness ratio of more than 
or equal to 75%, with the BCT 3.2 ‘social support (practi-
cal)’ and BCT 1.4 ‘action planning’ having an effective-
ness ratio of 100% (Fig. 4). At the follow-up closest to 12 
months, we were unable to calculate effectiveness ratios due 

to insufficient data. Additional file 4 reports the raw data for 
calculating the effectiveness ratios.

Effect of Behavioural Interventions 
on Health‑Related Quality of Life

Ten studies were included in meta-analysis on health-related 
quality of life at the end-treatment follow-up (mean 17 weeks 
(SD ± 13)). On average, behavioural interventions improved 
health-related quality of life (k = 10; n = 1,042; SMD 0.29, 
95% CI 0.17 to 0.42: I2 = 0.0%) (Fig. 5). Three studies were 
included in the meta-analysis with long-term follow-ups (24 
months post randomisation) [38, 39, 42] and one study was 
included in the narrative synthesis. Meta-analysis showed 
that behavioural interventions may improve health-related 
quality of life (k = 3; n = 233; SMD 0.20, 95% CI −0.05 
to 0.46; I2 = 0.0%). However, the evidence was uncertain 
(Additional file 5), and the study included in the narrative 
synthesis showed no difference between the intervention and 
comparator groups [46]. We did not conduct meta-regression 
analyses or effectiveness ratio for health-related quality of 
life due to the absence of statistical heterogeneity in the 
meta-analysis.

Effect of Behavioural Interventions on Physical 
Function

Eight studies were included in meta-analysis for physical 
function at the end-of-treatment follow-up (mean 12 weeks 
(SD ± 5)). On average, behavioural interventions improved 

Fig. 3  Forest plot for the effect of behavioural interventions compared to a usual care comparator group on weight loss (body mass index). 95% 
CI, 95% confidence interval. a,b = two separate study comparisons from the same study



178 International Journal of Behavioral Medicine (2023) 30:167–189

1 3

physical function (k = 8; n = 734; SMD 0.42, 95% CI 
−0.12 to 0.73: I2 = 69.5%) (Fig. 6). Meta-regression analy-
sis showed that increasing age was associated with higher 
effect sizes (slope 0.07, 95% CI 0.02 to 0.13) explaining 
65% (Adjusted R2) of the inconsistency of the findings. 
A higher proportion of female participants in the studies 
was associated with lower effect sizes (slope −0.02, 95% 
CI −0.04 to −0.01) explaining 36% (Adjusted  R2) of the 
inconsistency of the findings. Meta-regression analysis also 
showed that studies using the BCT 2.1 ‘Monitoring of out-
come of behaviour by others without feedback’ were asso-
ciated with a lower improvement in physical function than 
studies not using this BCT. Additionally, meta-regression 
analysis showed that studies using a higher number of BCTs 
for ‘goal setting and planning’ were associated with lower 
effect sizes (slope −0.45, 95% CI −0.72 to −0.18) and this 

explained 87% of the variations in the results of the meta-
analysis (Additional file 6). Finally, a subgroup analysis 
showed that behavioural interventions including structured 
exercise sessions reported a moderate improvement (k = 
6; n = 219; SMD 0.56, 95% CI 0.08 to 1.04) compared to 
interventions without a structured exercise session (k = 3; 
n = 515; SMD 0.25, 95% CI −0.06 to 0.56); however, there 
was no statistically significant difference between the two 
subgroups (Additional file 7).

One study, including two study comparisons, was 
included in the meta-analysis with long-term follow-up 
(24 weeks post randomisation). The study assessed physi-
cal function with the 6 minutes walking test and showed 
that behavioural interventions improved physical function 
(mean difference in metres walked in 6 min: 74.9, 95% CI 
0.01 to 149.9; I2 = 0.0%).

Fig. 4  Effectiveness ratio of BCTs in behavioural randomised con-
trolled trials including people with multimorbidity. Effectiveness ratio 
(x-axis) = number of times each BCT (y-axis) was used in an effec-
tive trial divided by the number of times they were a component of all 

studies using the BCT; the higher the ratio, the more often the BCT 
was found effective out of the total number of studies included; x-axis 
= effectiveness ratio, y-axis = BCTs
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Additional Analyses not Prespecified

Eleven studies were included in the additional analysis 
investigating the effect of behavioural interventions on 
depression symptoms. At the end-of-treatment follow-ups 
(mean 14 weeks (SD ± 6)) on average, behavioural inter-
ventions reduced depression symptoms (k = 11; n = 1,038; 
SMD −0.70, 95% CI −0.97 to −0.42: I2 = 73.3%) (Fig. 7). 
At the long-term follow-up assessment, there was no effect 
of behavioural interventions on depression symptoms (SMD 
−0.38, 95% CI −1.02 to 0.26: I2 = 89.9%). Meta-regression 
analysis showed that studies including people with a higher 
BMI (slope 0.9, 95% CI 0.04 to 0.15), and studies using 
a higher number of BCTs for ‘goal setting and planning’ 
(slope 0.31, 95% CI 0.04 to 0.58) and ‘Feedback and moni-
toring’ (slope 0.25, 95% CI 0.02 to 0.48) were associated 
with a lower reduction of depression symptoms. Depres-
sion severity at baseline was not associated with depression 
symptoms reduction (slope 0.01, 95% CI −0.02 to 0.03).

Sensitivity Analyses

In the sensitivity analyses analysing physical activity and 
physical function together, 10 studies (12 comparisons) 
were included. At the end-treatment follow-ups (mean 14 
weeks (SD ± 6)), behavioural interventions on average 
improved physical activity and physical function when 
combined (k = 12; n = 849; SMD 0.45, 95% CI 0.16 to 
0.73: I2 = 69.6%) (Fig. 8).

Ten studies (11 comparisons) were included in the sen-
sitivity for health-related quality of life (i.e., including the 
mental component scale data instead of the physical com-
ponent score data for the studies using the SF-12). At the 
end-of-treatment follow-up (mean 17 weeks (SD ± 13)) on 
average, behavioural interventions improved health-related 
quality of life (k = 11; n = 754; SMD 0.30, 95% CI 0.15 to 
0.44: I2 = 0.0%) (Fig. 9). These results are similar to the 
primary analysis results (Fig. 6).

Fig. 5  Forest plot for the effect of behavioural interventions compared to a usual care comparator group on health-related quality of life. SMD, 
standardised mean difference; 95% CI, 95% confidence interval. a,b = two separate study comparisons from the same study
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Risk of Bias and Overall Quality of the Evidence

The majority of the RCTs applied a proper randomisation 
process and reported and assessed the outcomes of interest 
correctly. Due to the nature of behavioural interventions, 
blinding of participants is challenging as patients receiv-
ing the intervention are also the outcome assessors of the 
patient-reported outcomes (Additional file 8). The overall 
quality of the evidence assessed using GRADE, including 
reasons for downgrading the quality of the evidence, is sum-
marised in Table 2. Additionally, some of the included stud-
ies where possibly underpowered to detect a between-group 
difference due to their nature (i.e., pilot studies). However, 
there was no clear sign of publication bias from the visual 
inspection of the funnel plots suggesting no sign of small 
study bias (Additional file 9).

Discussion

This systematic review included 14 papers from 7 countries 
and a total of 1,378 people with multimorbidity. On aver-
age, behavioural interventions targeting lifestyle behaviours 
may improve health-related quality of life and physical func-
tion, reduce depression symptoms, and may have little to no 
effect on physical activity (although the 95% CI includes 
both important benefit and important harm), and weight loss 

in people with multimorbidity. However, the benefits dimin-
ish over time after the interventions ended, as shown by the 
long-term assessment meta-analyses.

Overall Results in Context

The small improvements for physical activity and weight 
loss observed are comparable to the short- and long-term 
improvements seen in behavioural interventions including 
people with single chronic diseases such as osteoarthritis 
[51], diabetes [52], heart disease [53], depression, [54]  
and chronic obstructive pulmonary disease [55]. A possible 
explanation for these findings is the lack of adherence to the 
intervention after the studies end. However, greater short-
term effects on physical activity and weight loss may be 
achieved by using the BCT ‘action planning’ and the BCT 
‘social support (practical)’, which may potentially have an 
impact on long-term benefits as well [56]. Nevertheless, the 
few studies included and the nature of the exploratory analy-
sis prevented us from upgrading the confidence we have in 
these results. The benefits of behavioural interventions on 
physical and psychosocial outcomes observed in this sys-
tematic review are greater than the findings from a previous  
systematic review focusing on interventions in multimorbid-
ity in general [17]. The focus on specific combinations of 
conditions, in our systematic review, may partially explain 
the differences in results between the two systematic reviews. 

Fig. 6  Forest plot for the effect of behavioural interventions compared to a usual care comparator group on physical function. SMD, standardised 
mean difference; 95% CI, 95% confidence interval. a,b = two separate study comparisons from the same study
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However, direct comparisons of these findings should be 
interpreted with caution due to the different populations of 
the two systematic reviews.

Studies using exercise therapy as part of the behav-
ioural interventions appeared to promote clinically relevant 
improvements in physical function. This is in line with 
another systematic review focusing on exercise therapy in 
people with multimorbidity [15], which found a clinically 
relevant improvement in physical function following exer-
cise therapy. Furthermore, studies including a higher pro-
portion of males or older people and studies focusing on 
one BCT for ‘goals and planning’ relative to studies focus-
ing on two or three BCTs for ‘goals and planning’ reported 
lower improvements in physical function. Similarly, using a 
higher number of BCTs for ‘goals and planning’ and ‘feed-
back and monitoring’ may reduce the effect of behavioural 
interventions on depression symptoms. This may be partially 
explained by the fact that focusing on many goals and being 
monitored in many (multiple/various) aspects may be too 
burdensome for some patients. This is in line with the results 
of a systematic review investigating the association between 
BCTs and adherence to exercise in patients with persistent 

musculoskeletal pain, which is an issue that is also common 
in people with multimorbidity [57]. Finally, a higher reduc-
tion of depression symptoms was seen in people with lower 
BMI. However, since very few studies were included, this 
limits our confidence in these results.

It is unclear why interventions targeting lifestyle behav-
iours, including physical activity and weight loss, improve 
physical and psychosocial outcomes (e.g., HRQoL and 
depression symptoms) but not necessarily behavioural out-
comes. In this systematic review, two studies did not report 
an improvement in physical activity [38, 45]. A possible 
explanation may be that either light intensity activities or 
sedentary time were not captured as they reported only the 
time spent performing moderate to vigorous activity [45]. 
By contrast, increasing physical activity, although being a 
targeted behaviour of the intervention, was not the primary 
goal of the study [38]. Physical activity may improve in 
people with multimorbidity when the intervention explic-
itly focuses on improving it [58]. Additionally, another pos-
sible explanation is that patients may have improved their 
HRQoL or depression symotoms not necessarily by being 
more physically active or by losing weight but by adhering to 

Fig. 7  Forest plot for the effect of behavioural interventions compared to a usual care comparator group on depression symptoms. SMD, stand-
ardised mean difference; 95% CI, 95% confidence interval. a,b = two separate study comparisons from the same study
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one or more of the other targeted behaviours of the interven-
tion such as quitting smoking, medication adherence, and/or 
engaging with others. Finally, in dealing with multiple mor-
bidities, patients’ mental representations of their health are 
more complex. As proposed by the Common-Sense Model 
of Self-Regulation [59] which is a theoretical model that 
explicates the processes by which individuals respond to and 
manage a health threat, the model proposes that individuals 
navigate affective responses by formulating perceptions of 
the threat and potential treatment actions, creating action 
plans for addressing the threat, and integrating continuous 
feedback on action plan efficacy and threat-progression. Peo-
ple with multimorbidity likely to deal with both the health 
threat that their conditions present, but also how the threat 
makes them feel. Our results suggest that more emphasis is 
put on the latter to improve psychosocial outcomes, includ-
ing depression symptoms, rather than directing attention 
to only reducing the threat by engaging in more physical 
activity.

Research Implications

Behaviour change has been suggested to be contingent 
on both the capability, willingness, and readiness of the 

individual [60] and interventions that factor in all these, 
and recognise the equal status of intra-psychic and external 
factors in controlling behaviour may be more successful/
effective. Therefore, when developing future interven-
tions, a (socio)ecological theoretical approach that take 
this complexity into account by acknowledging an inter-
play between factors at the intrapersonal, interpersonal, 
organisational, community, and public policy levels should 
be applied [60]. Particularly, we suggest that future stud-
ies using behavioural interventions to improve physical 
activity should test the BCTs and clusters of BCTs that 
appear to be associated with greater improvements and 
focus on people with combinations of conditions linked by 
common risk factors and pathogenesis. Additionally, since 
the short-term benefits diminish over time, possibly due 
to lack of adherence to the interventions once the trial has 
ended. We suggest that future studies to focus on strategies 
that may help patients adhere to the effective interventions, 
as well as the investigation of interactions among BCTs, 
even after the intervention is finished (terminated/com-
pleted/discontinued). Similarly, attention should be paid 
to the mode of delivery of the intervention, which seems 
to play an important role in behavioural interventions 
[61–63]. Furthermore, the content of the interventions 

Fig. 8  Forest plot for the effect of behavioural interventions compared to a usual care comparator group on physical activity and physical func-
tion. SMD, standardised mean difference; 95% CI, 95% confidence interval. a,b = two separate study comparisons from the same study
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received by the comparator groups was often not reported 
in sufficient details. This is unfortunately common [64], 
and we suggest that authors of future studies follow, for 
example, the TIDieR checklist also for reporting compara-
tor groups interventions [30]. Also, we suggest that future 
studies also measure changes of light intensity physical 
activity as well as sedentary time, in line with the 2020 
WHO guidelines for physical activity [65], and include 
follow-up assessment close to 12 months and beyond to 
assess the effect of behavioural intervention over time. 
Yet, people with multimorbidity experience more health 
issues than people with single chronic diseases, and this 
includes physical, psychosocial, and cognitive problems 
[66]. Finally, given that the majority of the included 
RCTs included White participants of high SES, we sug-
gest future studies to also focus on a wider range of ethnic 
populations across different SES [67]. This may change 
the confidence we have in these results, because people 
with different ethnic backgrounds and SES may respond 
differently to a behavioural intervention [68–71]. This 
should be considered when planning new interventions, 
and involving patients in the design of trials may help to 
improve feasibility and acceptability of the interventions.

Clinical Implications

To improve physical activity in people with multimorbid-
ity, health care professionals should consider encouraging, 
educating, and planning together with the patients on what 
physical activity to do, when, and how (BCT ‘action plan-
ning’). Further, health care professionals should advise or 
provide them with practical social support (BCT ‘social 
support (practical)’, e.g., provide a membership to a fitness 
centre and support by a qualified professional trained to 
deliver exercise therapy such as a physiotherapist or exer-
cise physiologist). This may also help to achieve weight loss. 
To achieve greater improvements on physical function, we 
suggest focusing on one of the BCTs for ‘goals and plan-
ning’ rather than two or three. Also, it is advisable to avoid 
observing or recording outcomes of behaviour (e.g., physical 
activity) without providing feedback which appears to be 
associated with lower improvements in physical function. 
Similarly, using a higher number of BCTs for ‘goals and 
planning’ and ‘feedback and monitoring’ may reduce the 
effect of behavioural interventions on depression symptoms. 
Finally, particular attention should be paid to people with 
higher BMI, as they seem to be the subgroup of people with 

Fig. 9  Forest plot for the effect of behavioural interventions compared to a usual care comparator group on health-related quality of life. SMD, 
standardised mean difference; 95% CI, 95% confidence interval. a,b = two separate study comparisons from the same study
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multimorbidity who benefit the least from reducing depres-
sion symptoms from behavioural interventions [72].

Strengths and Limitations

The strengths of this systematic review are that we followed 
the Cochrane Handbook recommendations for performing 
it and the PRISMA guidelines for reporting it, contacted 
authors of the included studies to retrieve additional data 
about their studies, prespecified the main analyses, and 
followed a structured procedure to code BCTs. There are 
also limitations. Firstly, the scsarcity of studies matching 
our inclusion criteria is reflected in the inconsistency of 
the estimates of the meta-analyses and gave us low power 
for conducting the meta-regression analyses for physical 
activity and weight loss. However, we provided a narrative 
synthesis to investigate the associations between BCTs and 
these outcomes, thereby providing the readers with useful 
data applicable in clinical practice and research [32, 33, 73]. 
Secondly, among the studies reporting socioeconomic status 
and ethnicity included people of white ethnicity, with a high 
socio-economic status and with depression and heart fail-
ure, and very few studies with other common combination 
of conditions, limiting the generalizability of the findings 
to the entire multimorbid population [74, 75]. Finally, we 
potentially missed some of the BCTs used in the compara-
tor groups who received usual care due to poor reporting of 
comparator interventions and due to not including digital 
health interventions, which however, is the focus of our cur-
rent ongoing work [76].

Conclusions

Behavioural interventions targeting lifestyle behaviours 
appear to have, on average, little or no effect on physical 
activity and weight loss in people with multimorbidity. By 
contrast, they improve health-related quality of life and 
physical function and reduce depression symptoms. Greater  
improvements in physical activity and weight loss are asso-
ciated with using of the BCTs ‘action planning’ and ‘social 
support (practical)’. These benefits diminished after the 
interventions terminated, highlighting the importance of 
further studies investigating strategies to maintain behaviour 
change and long-term effects.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12529- 022- 10092-8.

Acknowledgements We would like to thank Gregers Aagaard and  
Margit Dybkjær, two people living with multiple chronic conditions, 
and Tue Dybkjær, a partner of a person with multimorbidity, for their  
feedback on the choice of the outcome measures for this systematic  
review and feedback on the presentation of the findings of this system-
atic review, respectively. We would also like to thank the MOBILIZE 

scientific advisory board consisting of Prof. Susan Smith, Prof. Sallie 
Lamb, Prof. Alan Silman, Prof. Bente Klarlund Pedersen, Prof. Ewa 
M. Roos, and Prof. Rod Taylor. Additionally, we would also like to 
thank the authors of the included studies which provided us the data 
requested via email: Brian C. Steinmeyer, Kenneth Freedland, and 
Evangelia Kouidi.

Funding European Research Council (ERC) under the European 
Union’s Horizon 2020 research and innovation programme (MOBI-
LIZE, grant agreement No 801790), Næstved, Slagelse and Ringsted 
Hospitals’ Research Fund, and The Association of Danish Physiothera-
pists Research Fund. The funding source was not involved in any aspect 
of this systematic review protocol.

Declarations 

Ethics Approval This article does not contain any studies with human 
participants performed by any of the authors.

Consent to Participate For this type of study, formal consent is not 
required.

Conflict of Interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Marengoni A, Angleman S, Melis R, Mangialasche F, Karp A, 
Garmen A, et al. Aging with multimorbidity: a systematic review 
of the literature. Ageing Res Rev. 2011;10(4):430-9. PMID: 
21402176. https:// doi. org/ 10. 1016/j. arr. 2011. 03. 003.

 2. Menotti A, Mulder I, Nissinen A, Giampaoli S, Feskens EJM, 
Kromhout D. Prevalence of morbidity and multimorbidity in elderly 
male populations and their impact on 10-year all-cause mortality: 
the FINE study (Finland, Italy, Netherlands, Elderly). J Clin Epide-
miol. 2001;54(7):680-6. PMID: WOS:000169512800005. https:// 
doi. org/ 10. 1016/ S0895- 4356(00) 00368-1.

 3. Vogeli C, Shields AE, Lee TA, Gibson TB, Marder WD, Weiss 
KB et al. Multiple chronic conditions: prevalence, health conse-
quences, and implications for quality, care management, and costs. 
J Gen Intern Med. 2007;22:391-5. PMID:WOS:000251543500005. 
https:// doi. org/ 10. 1007/ s11606- 007- 0322-1.

 4. Bayliss EA, Bayliss MS, Ware JE, Jr., Steiner JF. Predicting 
declines in physical function in persons with multiple chronic 
medical conditions: what we can learn from the medical problem 
list. Health Qual Life Outcomes. 2004;(7)2:47. PMID:15353000. 
https:// doi. org/ 10. 1186/ 1477- 7525-2- 47.

 5. Fortin M, Lapointe L, Hudon C, Vanasse A, Ntetu AL, Maltais D. 
Multimorbidity and quality of life in primary care: a systematic 

https://doi.org/10.1007/s12529-022-10092-8
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.arr.2011.03.003
https://doi.org/10.1016/S0895-4356(00)00368-1
https://doi.org/10.1016/S0895-4356(00)00368-1
https://doi.org/10.1007/s11606-007-0322-1
https://doi.org/10.1186/1477-7525-2-47


187International Journal of Behavioral Medicine (2023) 30:167–189 

1 3

review. Health Qual Life Outcomes. 2004;(20);2:51. PMID: 
15380021. https:// doi. org/ 10. 1186/ 1477- 7525-2- 51.

 6. Pefoyo AJ, Bronskill SE, Gruneir A, Calzavara A, Thavorn K, 
Petrosyan Y, et al. The increasing burden and complexity of 
multimorbidity. BMC Public Health. 2015;(23);15:415. PMID: 
25903064. https:// doi. org/ 10. 1186/ s12889- 015- 1733-2.

 7. Sinnott C, Mc Hugh S, Browne J, Bradley C. GPs’ perspectives 
on the management of patients with multimorbidity: system-
atic review and synthesis of qualitative research. BMJ Open. 
2013;13:3(9):e003610. PMID: 24038011. https:// doi. org/ 10. 1136/ 
bmjop en- 2013- 003610.

 8. Muth C, Blom JW, Smith SM, Johnell K, Gonzalez-Gonzalez 
AI, Nguyen TS, et al. Evidence supporting the best clinical man-
agement of patients with multimorbidity and polypharmacy: a 
systematic guideline review and expert consensus. J Intern Med. 
2019;285(3):272-88. PMID:30357955. https:// doi. org/ 10. 1111/ 
joim. 12842.

 9. Vancampfort D, Koyanagi A, Ward PB, Rosenbaum S, Schuch 
FB, Mugisha J, et al. Chronic physical conditions, multimorbidity 
and physical activity across 46 low- and middle-income countries. 
Int J Behav Nutr Phys Act. 2017;18:14(1):6. PMID: 28100238. 
https:// doi. org/ 10. 1186/ s12966- 017- 0463-5.

 10. Chudasama YV, Khunti K, Gillies CL, Dhalwani NN, Davies MJ, 
Yates T, et al. Healthy lifestyle and life expectancy in people with 
multimorbidity in the UK Biobank: a longitudinal cohort study. 
PLoS Med. 2020;17:(9):e1003332. PMID: 32960883. https:// doi. 
org/ 10. 1371/ journ al. pmed. 10033 32.

 11. Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effec-
tive techniques in healthy eating and physical activity interven-
tions: a meta-regression. Health Psychol. 2009;28(6):690-701. 
PMID: 19916637. https:// doi. org/ 10. 1037/ a0016 136.

 12. O’Connor EA, Evans CV, Rushkin MC, Redmond N, Lin JS. 
Behavioral counseling to promote a healthy diet and physical 
activity for cardiovascular disease prevention in adults with car-
diovascular risk factors: updated evidence report and system-
atic review for the US Preventive Services Task Force. JAMA. 
2020;24:324(20):2076-94. PMID:33231669. https:// doi. org/ 10. 
1001/ jama. 2020. 17108.

 13. Buffel du Vaure C, Dechartres A, Battin C, Ravaud P, Boutron 
I. Exclusion of patients with concomitant chronic conditions 
in ongoing randomised controlled trials targeting 10 common 
chronic conditions and registered at ClinicalTrials.gov: a system-
atic review of registration details. BMJ Open. 2016;6(9):e012265. 
https:// doi. org/ 10. 1136/ bmjop en- 2016- 012265.

 14. Michie S, Richardson M, Johnston M, Abraham C, Francis J, 
Hardeman W, et al. The behavior change technique taxonomy 
(v1) of 93 hierarchically clustered techniques: building an inter-
national consensus for the reporting of behavior change interven-
tions. Ann Behav Med. 2013;46(1):81-95. PMID: 23512568. 
https:// doi. org/ 10. 1007/ s12160- 013- 9486-6.

 15. Bricca A, Harris LK, Jager M, Smith SM, Juhl CB, Skou ST. Ben-
efits and harms of exercise therapy in people with multimorbidity: 
a systematic review and meta-analysis of randomised controlled 
trials. Ageing Res Rev. 2020;63:101166. PMID:32896665. https:// 
doi. org/ 10. 1016/j. arr. 2020. 101166.

 16. Smith SM, Bayliss EA, Mercer SW, Gunn J, Vestergaard M, Wyke 
S, et al. How to design and evaluate interventions to improve out-
comes for patients with multimorbidity. J Comorb. 2013;3:10-7. 
PMID: 29090141. https:// doi. org/ 10. 15256/ joc. 2013.3. 21.

 17. Smith SM, Wallace E, O’Dowd T, Fortin M. Interventions for 
improving outcomes in patients with multimorbidity in primary 
care and community settings. Cochrane Db Syst Rev. 2016;(3). 
PMID: WOS:000373475200014. ARTN CD006560. https:// doi. 
org/ 10. 1002/ 14651 858. CD006 560. pub3.

 18. Spring B, Champion KE, Acabchuk R, Hennessy EA. Self-
regulatory behaviour change techniques in interventions 

to promote healthy eating, physical activity, or weight 
loss: a meta-review. Health Psychol Rev. 2020;(17):1-32. 
PMID:31973666. https:// doi. org/ 10. 1080/ 17437 199. 2020. 
17213 10.

 19. Diseases GBD, Injuries C. Global burden of 369 diseases and 
injuries in 204 countries and territories, 1990-2019: a systematic 
analysis for the Global Burden of Disease Study 2019. Lancet. 
2020;17:396(10258):1204-22. PMID:33069326. https:// doi. org/ 
10. 1016/ S0140- 6736(20) 30925-9.

 20. Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS, 
Nimmo MA. The anti-inflammatory effects of exercise: mecha-
nisms and implications for the prevention and treatment of dis-
ease. Nat Rev Immunol. 2011;5:11(9):607-15. PMID: 21818123. 
https:// doi. org/ 10. 1038/ nri30 41.

 21. Higgins JPT TJ, Chandler J, Cumpston M, Li T, Page MJ, Welch 
VA (editors). Cochrane handbook for systematic reviews of inter-
ventions version 6.0 (updated July 2019). Cochrane, 2019. Avail-
able from www. train ing. cochr ane. org/ handb ook.

 22. Higgins JPTLT, Chandler J, Tovey D, Thomas, J, Flemyng E, 
Churchill R. Methodological expectations of Cochrane interven-
tion reviews. Cochrane: London, Version 2021.

 23. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ. 2021;29:372:n71. 
PMID:33782057. https:// doi. org/ 10. 1136/ bmj. n71.

 24. Bricca A, Saracutu M, Johnston M, Zangger G, Harris LK, 
Midtgaard J, Skou ST. Effect of behavioural interventions on 
physical activity and weight loss in people with multimorbidity: 
protocol for a systematic review of randomised controlled trials. 
Retrieved from osfio/kfy32. 2020.

 25. Depression in adults: recognition and management. London 2009.
 26. Smith SM, Wallace E, Salisbury C, Sasseville M, Bayliss E, Fortin 

M. A core outcome set for multimorbidity research (COSmm). Ann 
Fam Med. 2018;16(2):132-8. PMID: WOS:000427596200006. 
https:// doi. org/ 10. 1370/ afm. 2178.

 27. Bricca A, Harris LK, Saracutu M, Smith SM, Juhl CB, Skou ST. 
The benefits and harms of therapeutic exercise on physical and 
psychosocial outcomes in people with multimorbidity: protocol 
for a systematic review. J Comorb. 2020;10:2235042X20920458. 
PMID:32426294. https:// doi. org/ 10. 1177/ 22350 42X20 920458.

 28. Lefebvre C GJ, Briscoe S, Littlewood A, Marshall C, Metzendorf 
M-I, Noel-Storr A, Rader T, Shokraneh F, Thomas J, Wieland LS. 
Chapter 4: searching for and selecting studies. In: Higgins JPT, 
Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA 
(editors). Cochrane handbook for systematic reviews of interven-
tions version 60 (updated July 2019) 2019. Available from https:// 
doi. org/ www. train ingco chran eorg/ handb ook.

 29. Bricca A, Swithenbank Z, Scott N, Treweek S, Johnston M, Black 
N, et al. Predictors of recruitment and retention in randomized 
controlled trials of behavioural smoking cessation interventions: 
a systematic review and meta-regression analysis. Addiction. 
2022;117(2):299-311. PMID:34159677. https:// doi. org/ 10. 1111/ 
add. 15614.

 30. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher 
D, et al. Better reporting of interventions: template for intervention 
description and replication (TIDieR) checklist and guide. Bmj-
Brit Med J. 2014 Mar 6;348. PMID: WOS:000332625700011. 
ARTN g1687. https:// doi. org/ 10. 1136/ bmj. g1687.

 31. Schünemann HBJ, Guyatt G, Oxman A, editors. GRADE handbook 
for grading quality of evidence and strength of recommendations. 
Updated October 2013. The GRADE Working Group, 2013. Avail-
able from: https:// doi. org/ guide lined evelo pment. org/ handb ook.

 32. Martin J, Chater A, Lorencatto F. Effective behaviour change tech-
niques in the prevention and management of childhood obesity. Int 
J Obes (Lond). 2013;37(10):1287-94. PMID:23756676. https:// 
doi. org/ 10. 1038/ ijo. 2013. 107.

https://doi.org/10.1186/1477-7525-2-51
https://doi.org/10.1186/s12889-015-1733-2
https://doi.org/10.1136/bmjopen-2013-003610
https://doi.org/10.1136/bmjopen-2013-003610
https://doi.org/10.1111/joim.12842
https://doi.org/10.1111/joim.12842
https://doi.org/10.1186/s12966-017-0463-5
https://doi.org/10.1371/journal.pmed.1003332
https://doi.org/10.1371/journal.pmed.1003332
https://doi.org/10.1037/a0016136
https://doi.org/10.1001/jama.2020.17108
https://doi.org/10.1001/jama.2020.17108
https://doi.org/10.1136/bmjopen-2016-012265
https://doi.org/10.1007/s12160-013-9486-6
https://doi.org/10.1016/j.arr.2020.101166
https://doi.org/10.1016/j.arr.2020.101166
https://doi.org/10.15256/joc.2013.3.21
https://doi.org/10.1002/14651858.CD006560.pub3
https://doi.org/10.1002/14651858.CD006560.pub3
https://doi.org/10.1080/17437199.2020.1721310
https://doi.org/10.1080/17437199.2020.1721310
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1038/nri3041
http://www.training.cochrane.org/handbook
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1370/afm.2178
https://doi.org/10.1177/2235042X20920458
https://doi.org/www.trainingcochraneorg/handbook
https://doi.org/www.trainingcochraneorg/handbook
https://doi.org/10.1111/add.15614
https://doi.org/10.1111/add.15614
https://doi.org/10.1136/bmj.g1687
https://doi.org/guidelinedevelopment.org/handbook
https://doi.org/10.1038/ijo.2013.107
https://doi.org/10.1038/ijo.2013.107


188 International Journal of Behavioral Medicine (2023) 30:167–189

1 3

 33. Willett M, Duda J, Fenton S, Gautrey C, Greig C, Rushton A. 
Effectiveness of behaviour change techniques in physiotherapy 
interventions to promote physical activity adherence in lower 
limb osteoarthritis patients: a systematic review. PLoS One. 
2019;14(7):e0219482. PMID:31291326. https:// doi. org/ 10. 1371/ 
journ al. pone. 02194 82.

 34. Hynynen ST, van Stralen MM, Sniehotta FF, Araujo-Soares 
V, Hardeman W, Chinapaw MJ, et al. A systematic review of 
school-based interventions targeting physical activity and sed-
entary behaviour among older adolescents. Int Rev Sport Exerc 
Psychol. 2016;9(1):22-44. PMID: 26807143. https:// doi. org/ 10. 
1080/ 17509 84X. 2015. 10817 06.

 35. McKenzie JE BS. Chapter 12: synthesizing and presenting find-
ings using other methods. In: Higgins JPT, Thomas J, Chandler J, 
Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane hand-
book for systematic reviews of interventions version 6.2 (updated 
February 2021). Cochrane, 2021.

 36. World Health O. International classification of functioning, dis-
ability and health: ICF. Geneva: World Health Org. 2001.

 37. de Groot M, Shubrook JH, Hornsby Jr WG, Pillay Y, Mather 
KJ, Fitzpatrick K, et al. Program ACTIVE II: outcomes from 
a randomized, multistate community-based depression treat-
ment for rural and urban adults with type 2 diabetes. Diabetes 
Care. 2019;42(7):1185-93. PMID: 137101824. Language: Eng-
lish. Entry Date: In Process. Revision Date: 20190830. Publica-
tion Type: J Article. J Subset: Biomed. https:// doi. org/ 10. 2337/ 
dc18- 2400.

 38. Freedland KE, Carney RM, Rich MW, Steinmeyer BC, Rubin EH. 
Cognitive behavior therapy for depression and self-care in heart 
failure patients: a randomized clinical trial. JAMA Intern Med. 
2015;175(11):1773-82. PMID:26414759. https:// doi. org/ 10. 1001/ 
jamai ntern med. 2015. 5220.

 39. Huang CY, Lai HL, Chen CI, Lu YC, Li SC, Wang LW, et al. 
Effects of motivational enhancement therapy plus cognitive 
behaviour therapy on depressive symptoms and health-related 
quality of life in adults with type II diabetes mellitus: a ran-
domised controlled trial. Qual Life Res. 2016;25(5):1275-83. 
PMID: 26497665. https:// doi. org/ 10. 1007/ s11136- 015- 1165-6.

 40. Piette JD, Richardson C, Himle J, Duffy S, Torres T, Vogel M, 
et  al. A randomized trial of telephonic counseling plus walk-
ing for depressed diabetes patients. Med Care. 2011;49(7):641-8. 
PMID:21478777. https:// doi. org/ 10. 1097/ MLR. 0b013 e3182 15d0c9.

 41. Dunbar SB, Reilly CM, Gary R, Higgins MK, Culler S, Butts B, 
et al. Randomized clinical trial of an integrated self-care interven-
tion for persons with heart failure and diabetes: quality of life and 
physical functioning outcomes. J Card Fail. 2015;21(9):719-29. 
PMID:26028261. https:// doi. org/ 10. 1016/j. cardf ail. 2015. 05. 012.

 42. Gary RA, Dunbar SB, Higgins MK, Musselman DL, Smith AL. 
Combined exercise and cognitive behavioral therapy improves 
outcomes in patients with heart failure. Journal of psychosomatic 
research. 2010;69(2):119‐31. PMID:CN-00762483. https:// doi. 
org/ 10. 1016/j. jpsyc hores. 2010. 01. 013.

 43. Katon WJ, Lin EH, Von Korff M, Ciechanowski P, Ludman EJ, 
Young B, et al. Collaborative care for patients with depression 
and chronic illnesses. N Engl J Med. 2010;30:363(27):2611-20. 
PMID:21190455. https:// doi. org/ 10. 1056/ NEJMo a1003 955.

 44. Lynch EB, Liebman R, Ventrelle J, Avery EF, Richardson D. A 
self-management intervention for African Americans with comor-
bid diabetes and hypertension: a pilot randomized controlled trial. 
Prev Chronic Dis. 2014;29:11:E90. PMID:24874782. https:// doi. 
org/ 10. 5888/ pcd11. 130349.

 45. Schneider KL, Panza E, Handschin B, Ma Y, Busch AM, Waring 
ME, et al. Feasibility of pairing behavioral activation with exercise 
for women with type 2 diabetes and depression: the get it study pilot 
randomized controlled trial. Behavior therapy. 2016;47(2):198‐212. 
PMID:CN-01127568. https:// doi. org/ 10. 1016/j. beth. 2015. 10. 005.

 46. Pibernik-Okanovic M, Hermanns N, Ajdukovic D, Kos J, Prasek 
M, Sekerija M, et al. Does treatment of subsyndromal depression 
improve depression-related and diabetes-related outcomes? A 
randomised controlled comparison of psychoeducation, physical 
exercise and enhanced treatment as usual. Trials. 2015;15:16:305. 
PMID:26174334. https:// doi. org/ 10. 1186/ s13063- 015- 0833-8.

 47. Asa C, Maria S, Katharina SS, Bert A. Aquatic exercise is effec-
tive in improving exercise performance in patients with heart 
failure and type 2 diabetes mellitus. Evid-Based Compl Alt. 2012 
PMID: WOS:000303739400001 Artn:349209. https:// doi. org/ 10. 
1155/ 2012/ 349209

 48. Keihani DK, Mokhtari M. Cardiac effects of exercise rehabilita-
tion on quality of life, depression and anxiety in patients with heart 
failure patients. J Fundament Mental Health. 2014;17(1):13-9.

 49. Kulcu DG, Kurtais Y, Tur BS, Gulec S, Seckin B. The effect 
of cardiac rehabilitation on quality of life, anxiety and depres-
sion in patients with congestive heart failure. A randomized 
controlled trial, short-term results. Europa Medicophysica. 
2007;43(4):489-97. PMID:18084172.

 50. Koukouvou G, Kouidi E, Iacovides A, Konstantinidou E, 
Kaprinis G, Deligiannis A. Quality of life, psychological and 
physiological changes following exercise training in patients 
with chronic heart failure. J Rehab Med. 2004;36(1):36‐41. 
PMID:CN-00468556.

 51. Williamson W, Kluzek S, Roberts N, Richards J, Arden N, Leeson 
P, et al. Behavioural physical activity interventions in participants 
with lower-limb osteoarthritis: a systematic review with meta-
analysis. BMJ Open. 2015;10:5(8):e007642. PMID:26260348. 
https:// doi. org/ 10. 1136/ bmjop en- 2015- 007642.

 52. Aguiar EJ, Morgan PJ, Collins CE, Plotnikoff RC, Callister R. 
Efficacy of interventions that include diet, aerobic and resist-
ance training components for type 2 diabetes prevention: a 
systematic review with meta-analysis. Int J Behav Nutr Phys 
Act. 2014;15;11:2. PMID:24423095. https:// doi. org/ 10. 1186/ 
1479- 5868- 11-2.

 53. Graham H, Prue-Owens K, Kirby J, Ramesh M. System-
atic review of interventions designed to maintain or increase 
physical activity post-cardiac rehabilitation phase II. Rehabil 
Process Outc. 2020;9. PMID:WOS:000565488200001. Artn 
1179572720941833. https:// doi. org/ 10. 1177/ 11795 72720 941833.

 54. Lambert JD, Greaves CJ, Farrand P, Price L, Haase AM, Taylor AH. 
Web-based intervention using behavioral activation and physical 
activity for adults with depression (the eMotion study): pilot rand-
omized controlled trial. J Med Internet Res. 2018;16:20(7):e10112. 
PMID:30012547. https:// doi. org/ 10. 2196/ 10112.

 55. Mantoani LC, Rubio N, McKinstry B, MacNee W, Rabinovich 
RA. Interventions to modify physical activity in patients with 
COPD: a systematic review. Eur Respir J. 2016;48(1):69-81. 
PMID:27103381. https:// doi. org/ 10. 1183/ 13993 003. 01744- 2015.

 56. Sniehotta FF, Schwarzer R, Scholz U, Schuz B. Action plan-
ning and coping planning for long-term lifestyle change: theory 
and assessment. Eur J Soc Psychol. 2005;35(4):565-76. PMID: 
WOS:000230837000008. https:// doi. org/ 10. 1002/ ejsp. 258.

 57. Meade LB, Bearne LM, Sweeney LH, Alageel SH, Godfrey 
EL. Behaviour change techniques associated with adherence to 
prescribed exercise in patients with persistent musculoskeletal 
pain: systematic review. Br J Health Psychol. 2019;24(1):10-30. 
PMID:29911311. https:// doi. org/ 10. 1111/ bjhp. 12324.

 58. Lo YP, Chiang SL, Lin CH, Liu HC, Chiang LC. Effects of 
individualized aerobic exercise training on physical activity and 
health-related physical fitness among middle-aged and older 
adults with multimorbidity: a randomized controlled trial. Int 
J Environ Res Public Health. 2020;25:18(1). PMID:33375668. 
https:// doi. org/ 10. 3390/ ijerp h1801 0101.

 59. Leventhal H, Phillips LA, Burns E. The common-sense model of 
self-regulation (CSM): a dynamic framework for understanding 

https://doi.org/10.1371/journal.pone.0219482
https://doi.org/10.1371/journal.pone.0219482
https://doi.org/10.1080/1750984X.2015.1081706
https://doi.org/10.1080/1750984X.2015.1081706
https://doi.org/10.2337/dc18-2400
https://doi.org/10.2337/dc18-2400
https://doi.org/10.1001/jamainternmed.2015.5220
https://doi.org/10.1001/jamainternmed.2015.5220
https://doi.org/10.1007/s11136-015-1165-6
https://doi.org/10.1097/MLR.0b013e318215d0c9
https://doi.org/10.1016/j.cardfail.2015.05.012
https://doi.org/10.1016/j.jpsychores.2010.01.013
https://doi.org/10.1016/j.jpsychores.2010.01.013
https://doi.org/10.1056/NEJMoa1003955
https://doi.org/10.5888/pcd11.130349
https://doi.org/10.5888/pcd11.130349
https://doi.org/10.1016/j.beth.2015.10.005
https://doi.org/10.1186/s13063-015-0833-8
https://doi.org/10.1155/2012/349209
https://doi.org/10.1155/2012/349209
https://doi.org/10.1136/bmjopen-2015-007642
https://doi.org/10.1186/1479-5868-11-2
https://doi.org/10.1186/1479-5868-11-2
https://doi.org/10.1177/1179572720941833
https://doi.org/10.2196/10112
https://doi.org/10.1183/13993003.01744-2015
https://doi.org/10.1002/ejsp.258
https://doi.org/10.1111/bjhp.12324
https://doi.org/10.3390/ijerph18010101


189International Journal of Behavioral Medicine (2023) 30:167–189 

1 3

illness self-management. J Behav Med. 2016;39(6):935-46. 
PMID:27515801. https:// doi. org/ 10. 1007/ s10865- 016- 9782-2.

 60. Michie S, van Stralen MM, West R. The behaviour change wheel: 
a new method for characterising and designing behaviour change 
interventions. Implement Sci. 2011;23(6):42. PMID:21513547. 
https:// doi. org/ 10. 1186/ 1748- 5908-6- 42.

 61. Black N, Eisma MC, Viechtbauer W, Johnston M, West R, Hartmann-
Boyce J, et al. Variability and effectiveness of comparator group 
interventions in smoking cessation trials: a systematic review and 
meta-analysis. Addiction. 2020;115(9):1607-17. PMID:32043675. 
https:// doi. org/ 10. 1111/ add. 14969.

 62. Marques MM, Carey RN, Norris E, Evans F, Finnerty AN, Hastings 
J, et al. Delivering behaviour change interventions: development 
of a mode of delivery ontology. Wellcome Open Res. 2020;5:125. 
PMID:33824909. https:// doi. org/ 10. 12688/ wellc omeop enres. 
15906.2.

 63. Michie S, West R, Sheals K, Godinho CA. Evaluating the effec-
tiveness of behavior change techniques in health-related behav-
ior: a scoping review of methods used. Transl Behav Med. 
2018;1:8(2):212-24. PMID:29381786. https:// doi. org/ 10. 1093/ 
tbm/ ibx019.

 64. de Bruin M, Black N, Javornik N, Viechtbauer W, Eisma MC, 
Hartman-Boyce J, et al. Underreporting of the active content of 
behavioural interventions: a systematic review and meta-analysis 
of randomised trials of smoking cessation interventions. Health 
Psychol Rev. 2020;13:1-19. PMID:31906781. https:// doi. org/ 10. 
1080/ 17437 199. 2019. 17090 98.

 65. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, 
Cardon G, et al. World Health Organization 2020 guidelines 
on physical activity and sedentary behaviour. Br J Sports Med. 
2020;54(24):1451-62. PMID:33239350. https:// doi. org/ 10. 1136/ 
bjspo rts- 2020- 102955.

 66. Hopman P, Schellevis FG, Rijken M. Health-related needs of 
people with multiple chronic diseases: differences and underly-
ing factors. Qual Life Res. 2016;25(3):651-60. PMID:26338192. 
https:// doi. org/ 10. 1007/ s11136- 015- 1102-8.

 67. Treweek S, Banister K, Bower P, Cotton S, Devane D, Gardner 
HR, et al. Developing the INCLUDE Ethnicity Framework–a tool 
to help trialists design trials that better reflect the communities 
they serve. Trials. 2021. 2021/05/10;22(1):337. https:// doi. org/ 
10. 1186/ s13063- 021- 05276-8.

 68. Foster HME, Celis-Morales CA, Nicholl BI, Petermann-Rocha F, 
Pell JP, Gill JMR, et al. The effect of socioeconomic deprivation 
on the association between an extended measurement of unhealthy 
lifestyle factors and health outcomes: a prospective analysis of the 
UK Biobank cohort. The Lancet Public Health. 2018;3(12):e576–
85. https:// doi. org/ 10. 1016/ S2468- 2667(18) 30200-7.

 69. Althoff T, Sosič R, Hicks JL, King AC, Delp SL, Leskovec J. 
Large-scale physical activity data reveal worldwide activity ine-
quality. Nature. 2017. 2017/07/01;547(7663):336-9. https:// doi. 
org/ 10. 1038/ natur e23018.

 70. August KJ, Sorkin DH. Racial/ethnic disparities in exercise and 
dietary behaviors of middle-aged and older adults. J Gen Intern 
Med. 2011;26(3):245-50. PMID:20865342. https:// doi. org/ 10. 
1007/ s11606- 010- 1514-7.

 71. Egede LE. Race, ethnicity, culture, and disparities in health care. J 
Gen Intern Med. 2006;21(6):667-9. PMID:16808759. https:// doi. 
org/ 10. 1111/j. 1525- 1497. 2006. 0512.x.

 72. Luppino FS, de Wit LM, Bouvy PF, Stijnen T, Cuijpers P, 
Penninx BW, et al. Overweight, obesity, and depression: a sys-
tematic review and meta-analysis of longitudinal studies. Arch 
Gen Psychiatry. 2010;67(3):220-9. PMID:20194822. https:// 
doi. org/ 10. 1001/ archg enpsy chiat ry. 2010.2.

 73. Bishop FL, Fenge-Davies AL, Kirby S, Geraghty AW. Context 
effects and behaviour change techniques in randomised trials: a 
systematic review using the example of trials to increase adher-
ence to physical activity in musculoskeletal pain. Psychol Health. 
2015;30(1):104-21. PMID:25109300. https:// doi. org/ 10. 1080/ 
08870 446. 2014. 953529.

 74. Wesseling J, Welsing PM, Bierma-Zeinstra SM, Dekker J, Gorter 
KJ, Kloppenburg M, et al. Impact of self-reported comorbidity on 
physical and mental health status in early symptomatic osteoar-
thritis: the CHECK (Cohort Hip and Cohort Knee) study. Rheu-
matology (Oxford). 2013;52(1):180-8. PMID:23093723. https:// 
doi. org/ 10. 1093/ rheum atolo gy/ kes288.

 75. Muckelt PE, Roos EM, Stokes M, McDonough S, Gronne DT, 
Ewings S, et al. Comorbidities and their link with individual 
health status: a cross-sectional analysis of 23,892 people with 
knee and hip osteoarthritis from primary care. J Comorb. 
2020;10:2235042X20920456. PMID:32489945. https:// doi. org/ 
10. 1177/ 22350 42X20 920456.

 76. GraziellaZangger AB, Juhl CB, Ried-Larsen M, Tang LH,  
Thygesen LC, Skou ST. The effect of eHealth interventions tar-
geting physical activity on physical and psychosocial outcomes 
in people with a single chronic condition or multimorbidity–a 
systematic review of randomised controlled trials. Retrieved 
from osfio/5nwyr. 2020.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s10865-016-9782-2
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1111/add.14969
https://doi.org/10.12688/wellcomeopenres.15906.2
https://doi.org/10.12688/wellcomeopenres.15906.2
https://doi.org/10.1093/tbm/ibx019
https://doi.org/10.1093/tbm/ibx019
https://doi.org/10.1080/17437199.2019.1709098
https://doi.org/10.1080/17437199.2019.1709098
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1007/s11136-015-1102-8
https://doi.org/10.1186/s13063-021-05276-8
https://doi.org/10.1186/s13063-021-05276-8
https://doi.org/10.1016/S2468-2667(18)30200-7
https://doi.org/10.1038/nature23018
https://doi.org/10.1038/nature23018
https://doi.org/10.1007/s11606-010-1514-7
https://doi.org/10.1007/s11606-010-1514-7
https://doi.org/10.1111/j.1525-1497.2006.0512.x
https://doi.org/10.1111/j.1525-1497.2006.0512.x
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1080/08870446.2014.953529
https://doi.org/10.1080/08870446.2014.953529
https://doi.org/10.1093/rheumatology/kes288
https://doi.org/10.1093/rheumatology/kes288
https://doi.org/10.1177/2235042X20920456
https://doi.org/10.1177/2235042X20920456

	Effect of In-Person Delivered Behavioural Interventions in People with Multimorbidity: Systematic Review and Meta-analysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Eligibility Criteria
	BCT Coding
	Risk of Bias Assessment and Overall Evaluation of the Quality of the Evidence
	Synthesis of Results
	Meta-regression Analyses and Effectiveness Ratio
	Sensitivity and Additional Analyses not Prespecified
	Patients’ Involvement

	Results
	Study Selection and Characteristics
	Participant Characteristics
	Intervention and Comparator Group Characteristics
	Outcome Characteristics
	Effect of Behavioural Interventions on Physical Activity
	BCTs Associated with Physical Activity (Objectively Measured and Self-Reported)
	Effect of Behavioural Interventions on Weight Loss
	BCTs Associated with Weight Loss
	Effect of Behavioural Interventions on Health-Related Quality of Life
	Effect of Behavioural Interventions on Physical Function
	Additional Analyses not Prespecified
	Sensitivity Analyses
	Risk of Bias and Overall Quality of the Evidence

	Discussion
	Overall Results in Context
	Research Implications
	Clinical Implications
	Strengths and Limitations

	Conclusions
	Anchor 36
	Acknowledgements 
	References


