
Vol.:(0123456789)1 3

Journal of Cancer Survivorship 
https://doi.org/10.1007/s11764-023-01390-5

REVIEW

Theory‑based physical activity and/or nutrition behavior change 
interventions for cancer survivors: a systematic review

Bruno Rodrigues1 · Eliana V. Carraça2 · Beatriz B. Francisco3 · Inês Nobre4 · Helena Cortez‑Pinto3,5,6 · Inês Santos2,3,7

Received: 10 February 2023 / Accepted: 19 April 2023 
© The Author(s) 2023

Abstract
Purpose Theory-based interventions aimed at promoting health behavior change in cancer survivors seem to be effective 
but remain scarce. More information on intervention features is also needed. This review aimed to synthesize the evidence 
from randomized controlled trials evaluating the efficacy of theory-based interventions (and its features) on physical activity 
(PA) and/or diet behaviors in cancer survivors.
Methods A systematic search in three databases (PubMed, PsycInfo, and Web of Science) identified studies that (i) targeted 
adult cancer survivors and (ii) included theory-based randomized controlled trials designed to influence PA, diet, or weight 
management. A qualitative synthesis of interventions’ effectiveness, extensiveness of theory use, and applied intervention 
techniques was conducted.
Results Twenty-six studies were included. Socio-Cognitive Theory was the most used theory, showing promising results in 
PA-only trials and mixed findings in multiple-behavior interventions. Mixed findings were observed for interventions based 
on the Theory of Planned Behavior and Transtheoretical Model. Limited findings were found in diet-only interventions. A 
large variability in the extensiveness of theory use, and in intervention techniques was found. Further research is required 
to understand how and why these interventions offer promise for improving behavior.
Conclusions Theory-based interventions seem to improve PA and diet behaviors in cancer survivors. Further studies, includ-
ing thorough intervention descriptions, are needed to confirm these findings and identify the optimal features and content 
of lifestyle theory-based interventions for cancer survivors.
Implications for Cancer Survivors This systematic review can contribute to the development of more effective interventions 
to promote long-term adherence to healthy lifestyle behaviors.
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Background

Improvements in early detection/diagnostics and advances 
in treatment are leading to an increase in the number of 
cancer survivors, which brings new challenges to cancer 
care [1]. Cancer survivors suffer from several treatment 
side-effects, increased risk of recurrence, and higher vul-
nerability to other chronic diseases [2] that may increase 
survivors’ risk of poor mental and physical health–related 
quality of life, which can be improved through modifying 
behavioral and psychosocial risk factors.

Lifestyle behaviors, including physical activity (PA) 
and a healthy diet, are key to survivorship management 
[3]. PA has been consistently identified as an important 
adjunct therapy to be incorporated in cancer care [4], 
given that it optimizes health outcomes [5–7], and reduces 
the risk of recurrence [4], mortality from cancer and any 
cause [5], and improves treatment’s effectiveness and 
tolerance [8]. Diet also plays a major role in improving 
health. Cancer survivors with healthier diets and adequate 
nutritional status have an improved treatment response/
tolerance, recovery, side-effect management, and disease 
outcomes [9–13]. Nonetheless, and despite the beneficial 
effects, only a minority of cancer survivors meet PA and 
healthy eating recommendations [14, 15]. Moreover, even 
when there is good compliance at the beginning of a life-
style behavior change program, relapse is not uncommon 
[16–18].

There has been a growing body of evidence trying 
to understand which factors or interventions facilitate 
adherence to lifestyle recommendations [19, 20]. How-
ever, knowledge about what works best remains scarce. 
Implementing theory-based interventions has been recom-
mended to improve behavior change effectiveness [16, 21, 
22]. Theory-based interventions provide a better under-
standing of key mediators of change, explaining why inter-
ventions might succeed or fail [16, 23], and by connecting 
relevant theoretical determinants of the behavior to appro-
priate behavior change techniques [24]. Prior research 
has suggested that theory-based interventions seem more 
effective than atheoretical approaches, and interventions 
combining multiple theories and targeting several con-
structs appear to have larger effects on improving health 
behaviors [16, 25]. Although appearing effective [26, 27], 
these interventions remain scarce [28], and target mostly 
short-term adherence and outcomes [29]. Furthermore, 
there is little consensus on the most effective theories and 
on which behavior change techniques are (or should be) 
selected to best operationalize theoretical constructs and 
effectively change the behavior [30, 31]. Also, in practice, 
the extensiveness of theory use varies substantially, pre-
cluding the assessment of its impact on behavior change 

[32]. In other words, little is known about how theory is 
applied and contributes to behavior change effectiveness.

To our knowledge, there are no systematic reviews 
synthesizing the effects of theory-based behavior change 
interventions on both PA and diet in cancer survivors with 
multiple types of cancer, besides one addressing only social-
cognitive theory-based interventions [27]. Although there is 
significant evidence supporting the benefits of diet and PA 
on health-related outcomes, there is still insufficient infor-
mation on which interventions favor sustained behavior 
changes in cancer survivors. Also, it has been previously 
noted that further investigation into the active ingredients 
within an intervention and the type of behavioral theory used 
would be useful. Therefore, this systematic review aimed 
to synthesize the evidence on randomized controlled trials 
(RCTs) evaluating the efficacy of theory-based behavior 
change interventions on PA and/or diet behaviors in cancer 
survivors. Specifically, this study seeks to (1) evaluate which 
theories are more effective to change PA and/or diet in can-
cer survivors, (2) assess the intensity of theory application 
in behavior change interventions, (3) investigate the relation 
between the extensiveness of theory use and intervention 
effectiveness, and (4) identify which behavior change tech-
niques have been more often used within the interventions 
per theoretical framework, and if possible, which were more 
effective.

Methods

This systematic review is reported in accordance with the 
PRISMA statement for reporting systematic reviews [33]. 
This review was registered in PROSPERO (registration 
number: CRD42021283338).

Eligibility criteria

To be included, studies had to (i) include adults aged ≥18 
years, diagnosed with any type of cancer (at any point from 
diagnosis and stage of disease/treatment) and (ii) report on 
any theory-based RCT designed to influence PA and/or diet 
quality, including behavioral weight management interven-
tions, typically targeting both lifestyle behaviors. The inter-
vention group could be compared with any parallel control 
group with no intervention/waiting list, usual care, or other 
interventions. The outcomes could be PA levels/volumes 
and/or diet quality and adherence.

Observational and non-intervention studies, studies with no 
original data, dissertations/thesis, protocols, qualitative and pilot 
studies and studies not published in peer-reviewed journals were 
excluded. Studies with children, adolescents, pharmacological or 
surgical interventions targeting diet and PA were also excluded.
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Search strategy

A comprehensive search of peer-reviewed articles published 
from inception until December 2022 (including online ahead 
of print publication) was conducted in three electronic data-
bases — PubMed, PsychInfo, and Web of Science — using 
the following search strings: terms concerning the health 
condition or population of interest (e.g., Cancer, cancer 
survivor, cancer patient); terms concerning the intervention 
(e.g., Lifestyle/behavioral interventions); terms concerning 
the outcomes of interest (e.g., Diet, PA, weight loss/main-
tenance/change); and terms concerning the types of study 
(i.e., RCT).

A sample of the full search strategy is provided in 
Appendix 1. Searches were limited to English language and 
humans. Other searches included manual cross-referencing 
of literature cited in prior reviews, and hand-searches of the 
content of key scientific journals.

Study selection

Titles and abstracts were screened for potential eligibil-
ity by three researchers (BBF, BR, and IN). These authors 
retrieved and screened the full text of potentially relevant 
articles. Decisions to include/exclude studies were made 
by consensus. When consensus was not achieved, disagree-
ments were solved by a discussion with a fourth author (IS 
or EVC). The study selection procedure was conducted using 
the CADIMA software [34].

Data extraction and coding

A data extraction form was developed, informed by the 
PRISMA statement for reporting systematic reviews [33]. 
Data extraction was conducted by three authors (BBF, BR, 
and IN) and comprised information about the article, partici-
pants, brief intervention description, used theoretical frame-
works, outcomes of interest, and main findings.

The extensiveness of theory application was assessed 
using a modified version of Michie and Prestwich’s behav-
ior theory coding framework [35], as done in previous stud-
ies [36]. Eight items were selected across the six categories 
from the original coding framework to assess the intensity of 
theory application, from theory and construct identification 
to behavior change techniques used to operationalize theo-
retical constructs, or measurement of these constructs. Each 
item was classified as present or absent based on interven-
tion descriptions provided in the included papers or others 
describing the same intervention (e.g., protocols). The eight 
items were (1) theory was mentioned, (2) relevant constructs 
were targeted, (3) each intervention technique was explicitly 
linked to at least one theoretical construct, (4) participants 
were selected/screened based on prespecified criteria (e.g., 

a construct or predictor), (5) interventions were tailored for 
different subgroups that vary on a psychological construct 
(e.g., readiness level), (6) at least one construct or theory 
mentioned in relation to the intervention was measured 
postintervention, (7) all measures of the theory were pre-
sented with some evidence of their reliability, and (8) results 
were discussed in relation to the theory. One author (BR) 
coded this information and a second author independently 
checked it (EVC). Disagreements were solved by consen-
sus. A theory extensiveness score (n/8) was then calculated 
[36]. A “Sparse Use of Theory” (Level 1) was considered 
when studies fulfilled less than 4 items. A “Moderate Use 
of Theory” (Level 2) was considered when studies satisfied 
4 or 5 items. An “Extensive Use of Theory” (Level 3) was 
considered when studies fulfilled 6 or more items.

Intervention techniques were coded as present or absent 
using the Behavior Change Technique Taxonomy v1 [37]. 
An intervention technique was only coded when there 
was clear evidence of its direct application to PA or diet. 
The total number of intervention techniques used and the 
congruence between those and the theoretical framework 
underpinning each intervention was assessed. Interven-
tion protocols and related papers were consulted when 
available or felt necessary. One author (BR) coded this 
information and a second author independently checked it 
(EVC). Disagreements were solved by consensus.

Outcome measures

Total PA levels and/or PA discriminated by intensity or 
domains and dietary intake and/or diet quality constituted 
the primary outcomes of this review. Regarding PA, exer-
cise energy expenditure (Kcal per day or week), volume 
(minutes per week or day), activity counts, step counts, or 
other measures of PA levels were considered. Concern-
ing dietary intake, we considered caloric intake (Kcal per 
day or week), overall diet quality, and consumption (cup/
ounces/grams/times/servings per day or week) of whole 
or refined grains, whole grain bread, fish, red and/or pro-
cessed meat, fiber, alcohol, cruciferous, fruit, vegetables 
or fruit and vegetables.

Data synthesis

Characteristics of the included studies were qualitatively 
synthesized and presented in tabular form, organized by 
outcome, type and number of theories used in each inter-
vention. The extensiveness of theory use was also reported 
by outcome. A matrix crossing intervention techniques with 
theoretical frameworks was built and organized by outcome 
and global use scores.
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Study quality assessment

Study quality was assessed with an adapted version of the 
Quality Assessment Tool for Quantitative Studies, developed 
by the Effective Public Health Practice Project [38]. The 
current adaptation was based on recommendations from sev-
eral authors [39–41] and has been previously used [39, 42]. 
This tool includes 19 items, organized into eight key meth-
odological domains: study design, blinding, selection bias, 
withdrawals/dropouts, confounders, data collection, data 
analysis, and reporting. Each domain is classified as Strong, 
Moderate, or Weak based on specific criteria. A global rating 
is determined based on the scores of each component. Two 
researchers independently performed the quality assessment 
(BBF, IN). Discrepancies were resolved by consensus. When 
consensus was not achieved, disagreements were solved by a 
discussion with a third author (BR or IS or EVC). Inter-rater 
agreement across categories varied from moderate (Cohen’s 
k=0.649) to strong (Cohen’s k=1.000).

Certainty assessment

Following the most recent PRISMA recommendations [33], 
the certainty of the evidence gathered in this review was 
assessed with the SURE checklist [43] by two researchers 
(BBF, IN). When consensus was not achieved, disagreements 

were solved by a discussion with a third author (BR or IS or 
EVC). This checklist includes 5 criteria to assess the iden-
tification, selection, and appraisal of studies; 5 criteria to 
evaluate how findings were analyzed in the review; and one 
criterion for other considerations. Based on the number and 
type of limitations identified, a conclusion regarding the 
degree of confidence in the evidence of a systematic review 
is obtained.

Results

Search results

Database searches resulted in 2764 potentially relevant arti-
cles after duplicates removal. Of these, 2632 were excluded 
based on title/abstract, leaving 132 articles for full-text 
screening. Twenty-six articles met the eligibility criteria 
and were included. Figure 1 shows the studies flow diagram.

Studies’ characteristics

Table 1 summarizes (and Appendixes 2-4 detail) the char-
acteristics of all included studies (N=26), synthesized by 
intervention topic: PA-only (N=15), diet-only (N=2), or 
multiple-behavior (PA and diet) (N=9).

Fig. 1  PRISMA flow diagram
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Half of the studies (N=13) included both genders, one 
focused on men only [44], and twelve included women only 
[45–56]. The mean age ranged from 46.1 to 66.5 years. 
Seventeen studies focused on one type of cancer, and in 
this subgroup, breast cancer (N=10) was the most studied 
cancer [45, 48–56], followed by colorectal (N=4) [57–60], 
endometrial (N=2) [46, 47], and prostate cancer (N=1) [44]. 
Two studies included two types of cancer (breast + prostate) 
[61], (colorectal + prostate) [62], and seven included ≥3 
cancers [63–69]. Nine studies reported short-term changes 
(< 6 months), eight reported changes over 6 months, and 

the other nine reported both short- and long-term changes 
(maximum 36 months length).

Most studies (N=15) were based on a unique theory, 
ten were based on two, and one on more than three theo-
ries. The most used theory was Social Cognitive Theory 
(SCT) (N=17) [44–48, 50, 53–56, 59, 61–63, 67, 69], which 
includes Self-Efficacy Theory (a subset of Bandura’s SCT) 
mentioned in one trial [49], followed by the Transtheoreti-
cal Model (TTM; N=7) [48, 52, 55, 56, 59, 62, 63] and the 
Theory of Planned Behavior (TPB; N=6) [51, 54, 58, 60, 
68, 69]. Other theories mentioned were as follows: Health 
Action Process Approach (HAPA; N=3) [58, 62, 65], Inte-
grated Model for Change (I-Change Model; N=2) [62, 64], 
Self-Regulation Theory (N=2) [62, 64], Self-Management 
Theory (N=1), Control Theory (N=1), Goal setting Theory 
(N=1), Acceptance and Commitment Therapy (N=1) [66], 
Health Belief Model (N=1) [62], and Precaution Adoption 
Process Model (N=1) [62].

Diet-only trials evaluated dietary intake/nutritional com-
position with interviews using a nutrition data system and a 
nutrient database [44] or the Dietary Screener Questionnaire 
(DSQ) [63].

Regarding PA-only trials, one trial used an objective 
measure (accelerometer) to assess PA behavior change [53], 
while eight relied on self-reported measures including origi-
nal or adapted versions of the Seven-Day Physical Activity 
Recall (7-PAR), the Global Physical Activity Questionnaire 
(GPAQ), the Godin Leisure-Time Exercise Questionnaire 
(GLTEQ), the Leisure Score Index from Godin Leisure-Time 
Exercise Questionnaire (LSI), the Physical Activity Scale for 
the Elderly (PASE), the Self-reported Short Questionnaire 
to Assess Health-enhancing PA (SQUASH), and the Total 
Physical Activity Questionnaire (TPAQ) [52, 56, 60, 65–69]. 
All others (N=6) assessed PA with both subjective and 
objective measures (accelerometer, pedometer, or a Fitbit®).

In the nine multiple-behavior trials, two types of dietary 
outcomes were evaluated, using self-reported measures and 
questionnaires: caloric intake [45–48, 61] and dietary intake 
[47, 57–59, 61, 64], with one study assessing overall diet qual-
ity using the 100-point Diet Quality Index-Revised score [61]. 
Regarding PA, two trials used an objective measure (acceler-
ometer) to assess PA [48, 58], while six relied on self-reported 
measures, original or adapted (7-PAR, LSI, SQUASH), and 
an interviewer administered Modifiable Activity Question-
naire [45, 46, 57, 59, 61, 64]. One RCT assessed PA with both 
objective (pedometer) and subjective measures [47].

Synthesis of intervention effectiveness results

Results per outcome are detailed in Appendixes 2-4 and 
summarized in Table 2.

Table 1  Studies’ characteristics

*Participants’ age was reported in ranges (no mean age available)

Characteristics Number of studies

Sample size
  <100 11 45-49,51,53,55,63,65,67

  100–199 3 52,56,66

  200–299 6 50,58,59,60,68,69

  300–399 1 54

  ≥400 5 44,57,61,62,64

Participants
 Gender
  Both genders 13 57-69

  Men only 1 44

  Women only 12 45-56

 Mean age, years
  ≥ 18* 2 68,69

  45–54.9 8 45,46,48 50-52,66,67

  55–64 12 44,47,49,53-56,60,61,63-65

  ≥65 4 57-59,62

Types of cancers
  Breast 10 45,48-56

  Colorectal 3 57–60

  Endometrial 2 46,47

  Prostate 1 44

  2 types of cancer 2 61,62

  Multiple cancers 7 63–69

Theories used
  1 theory 15 44-47,49-52,60,61,65-68

  2 theories 10 48,53-56,58,59,63,64,69

  ≥ 3 theories 1 62

Outcome assessment
  < 6 months 9 49,51,53,54,63,65-68

  ≥ 6 months 8 44,45,57-61,64

  Both 9 46-48.50,52,55,56,62,69

Quality assessment score
  Weak 18 44-49,51-53,55,60-65,67,68

  Moderate 8 50,54,56-59,66,69
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Diet‑only trials

One trial was based on SCT [44], reporting significant 
improvements in every aspect of dietary intake. The other 
trial was based on SCT plus TTM, reporting significantly 
lower daily servings of processed meat at 9 and 15 weeks in 
the intervention group (IG), but non-significant differences 
in fruits and vegetables and whole grain consumption [63].

PA‑only trials

Three trials used the TPB: two reported significant differ-
ences in PA from baseline to 1 year [60] and in total 3-month 
PA in the intervention subgroup of participants who initially 
reported ≤300 min/week of PA compared to the CG [68], 
while the other did not report significant results [51].

Of the two studies based on SCT, one reported a greater 
increase in minutes per week of moderate-vigorous PA 

(MVPA) in the intervention group (vs. controls), although 
not statistically tested [67], and the other reported signifi-
cant improvements in objective PA at 3 months and in self-
reported PA at 3 and 6 months, compared with the control 
group [50]. One trial was based on Self-Efficacy Theory (a 
subset of Bandura’s SCT), reporting significant differences 
in steps but not in self-reported PA between groups [49].

One trial was based on HAPA [65] and reported signifi-
cant changes on self-reported PA at 4 weeks in the interven-
tion group, but none at 14 weeks, compared to the control 
group. Interventions based on the Self-Management Theory 
[66], or the TTM [52], reported no between-group differ-
ences in subjective PA.

Six trials used a combination of different theories. Of 
these, five used a combination of SCT and another theory. 
The two interventions using SCT plus TPB showed an 
improvement in self-reported PA at 3 months [69] compared 
to the control arm. At 4 months, the tailored intervention 

Table 2  Results by outcome

ACT , Acceptance and Commitment Therapy; HAPA, Health Action Process Approach; I-Change, Integrated Model for Change; PA, Physi-
cal Activity; SCT, Social Cognitive Theory; SRT, Self-regulation Theory; TPB, Theory of Planned Behavior; TTM, Transtheoretical Model; 
*p-value NA

Outcome Number of reports Positive effect Theories used No effect Theories used

Diet-only trials
  Dietary intake 2 2 1 SCT 44

1 SCT + TTM 63
- -

PA-only trials
  Objective PA 8 5 1 SCT 50

1 SCT + TTM 55

1 SCT + Control Theory 
53

1 SCT + TTM + HAPA 
+ I-Change + … 62

1 Self-Efficacy 49

3 1 SCT + Control Theory 53

1 SCT + TPB 54

1 TPB 51

  Subjective PA 14 9 1 SCT 50

2 SCT + TTM 55,56

2 SCT + TPB 54,69

2 TPB 60

1HAPA 65

1 SCT + TTM + HAPA 
+ I-Change + … 62

5 1 SCT* 67

1 TTM 52

1 TPB 68

1 Self-Efficacy 49

1 Self-Management 66

Diet and PA trials
  Caloric intake 5 2 2 SCT 47,61 3 2 SCT 45,46

1 SCT + TTM 48

  Diet quality 1 1 1 SCT 61 - -
  Dietary intake 8 3 1 SCT 47

1 SCT + TTM 59

1 TPB + HAPA 58

5 1 SCT 61

2 SCT + TTM 48,59

1 ACT 57

1 I-Change + SRT 64

  Objective PA 3 3 1 SCT 47

1 SCT + TTM 48

1 TPB + HAPA 58

- -

  Subjective PA 7 4 3 SCT 45-47

1 ACT 57
3 1 SCT + TTM 59

1 I-Change + SRT 64

1 SCT 61
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group significantly reduced the odds of not doing any resist-
ance-based PA, while increasing the odds of meeting resist-
ance training guidelines [54]; no change was observed in 
the odds of meeting aerobic guidelines or mean daily steps. 
Other two trials used a combination of SCT plus TTM, 
showing increases in the intervention group’s (vs. controls) 
self-reported moderate PA [56] and in subjective and objec-
tive MVPA [55] at both 3 and 6 months, although this effect 
dissipated at 12 months [56]. One intervention used SCT 
plus Control Theory reporting significant differences in 
MVPA [53]. Finally, one trial [62] used a combination of 
multiple theories (SCT, TTM, HAPA, the I-Change Model, 
Health Belief model, goal setting theories, self-regulation 
theories and the Precaution Adoption Process Model), 
resulting in significant improvements in the intervention 
group’s self-reported MVPA and days with at least 30 min 
of PA at 3 months, and self-reported PA at 6 months. Objec-
tive MVPA also increased significantly in the intervention 
group, but objectively assessed days ≥30 min of PA was 
borderline significant.

Multiple‑behavior trials

Four RCTs used SCT [45–47, 61]. Of these, one reported 
significant improvement in every aspect of diet intake 
(including caloric intake) in the intervention group (vs. con-
trols) [47], and another one showed significant differences 
in the total percentage of calories from fat and in diet qual-
ity, although fruit and vegetable intake did not significantly 
differ between groups at the 2-year follow-up [61]. The 
remaining two studies reported non-significant differences 
in caloric intake [45, 46].

Regarding PA, one study reported significant improve-
ments in self-reported PA at 3 months, and significant dif-
ferences in steps/day, LSI and PA minutes at 6 months; at 
12 months there were still significant differences in LSI and 
PA minutes [47]. The remaining three studies reported sig-
nificant differences in PA measured with the LSI at 3, 6, and 
12 months [46], and for daily caloric expenditure by the end 
of the 12-month intervention [45]. One study reported non-
significant differences between groups [61].

One trial was based on the Acceptance and Commitment 
Therapy [57] and did not show significant group differences 
in fruit, fiber, or alcohol intake. Nevertheless, the interven-
tion group was more likely to meet Australian PA recom-
mendations than the controls.

Several trials used combinations of theories. Two trials 
used SCT plus TTM. One found that daily caloric intake 
improved within the intervention group, but not between 
groups [48]. The other found inconsistent improvements 

in fruit and vegetable consumption were reported using a 
two-item screening question, but not with the Food Fre-
quency Questionnaire [59]. One study reported no signifi-
cant changes in subjective PA [59], but showed increases in 
objectively measured MVPA [48] at 3 and 6 months.

TPB plus HAPA were used in one trial [58], showing 
significant increases in the odds of consuming less processed 
meat at all time-points and refined grain at months 6 and 24. 
In the subgroup of patients who had <300 min of MVPA per 
week at baseline, there was not a significant improvement 
in the two PA outcomes. However, patients who received 
PA interventions had larger increases in PA at months 6 and 
18 than those who did not. One study was based on Self-
Regulation Theory plus I-Change Model [64], with non-
significant intervention effects in either diet or PA variables.

Extensiveness of theory use

Table 3 depicts the presence or absence of each indicator 
considered to calculate the extensiveness of theory use score 
by study and intervention target (diet, physical activity, or 
both). There was a vast heterogeneity across studies, but in 
general, the theoretical framework underpinning interven-
tions was mentioned in all studies, and relevant constructs 
were targeted (except for two studies [47, 54]). On the other 
hand, only three studies [49, 50, 62] linked intervention 
techniques to at least one theoretical construct and no study 
selected/screened participants based on scores from a the-
ory-related construct. Interventions were tailored to different 
subgroups that varied on a psychological construct in nine 
studies [52, 54, 56, 58, 59, 61, 62, 64, 69]. Twelve studies 
[44, 48, 49, 51, 55, 56, 59, 61, 63, 65, 67, 69] measured at 
least one construct or theory post-intervention, and 10 stud-
ies [49–51, 55, 56, 59, 63, 65, 67, 69] reported using reliable 
theory measures. Results were discussed in relation to theory 
in nine studies [49, 55, 56, 61, 63, 65–67, 69]. Overall, 15 
studies [44–48, 50, 51, 53, 54, 57, 58, 60, 64, 66, 68] were 
classified with sparse use of theory (Level 1), 6 studies [59, 
61–63, 65, 67] were classified with a moderate use of theory 
(Level 2), and 5 studies [49, 52, 53, 55, 56] were classified 
with an extensive use of theory (Level 3).

The relation between the extensiveness of theory use and 
intervention’s effectiveness was also explored (check super-
script letters in the last column of Table 3). We found that 
interventions’ effectiveness appears to be independent of the 
extensiveness of theory use, given that only three interven-
tions were ineffective in producing significant changes in the 
target outcomes; of these, two made sparse use of theory while 
the other made an extensive use; and, among effective inter-
ventions, the extensiveness of theory use varied substantially.
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Intervention techniques

Table 4 shows a matrix matching the intervention techniques 
used by theory or theory combination, per target outcome 
and overall. A total of 46 different intervention techniques 
– BCTs were used (32 for diet; 43 for PA) in the interven-
tions reported in the present review. In diet interventions, the 
most used BCTs were goal setting behavior (used 8 times), 
feedback on behavior and instruction on how to perform the 
behavior (both used 7 times), and problem solving, social 
support (unspecified) and review of behavior goals (all three 
used 6 times). In PA interventions, the most used BCTs were 
goal setting behavior and self-monitoring of behavior (both 
used 21 times), instruction on how to perform the behavior 
(used 18 times), and problem solving (used 16 times).

SCT was the most applied theoretical framework, with the 
number of BCTs used in these interventions being far greater 
than the number of BCTs used in interventions supported by 
other theoretical rationales (SCT: 25 BCTs for diet and 28 
BCTs for PA; other theories around 12 BCTs for diet and 
13 BCTs for PA, on average). Goal setting (4 for diet; 6 for 
PA), feedback on behavior (5 for diet; 5 for PA), instruction 
on how to perform the behavior (4 for diet; 5 for PA), graded 
tasks (3 for diet; 4 for PA), review of behavior goals (3 for 
diet; 3 for PA), self-monitoring of behavior (2 for diet; 5 for 
PA), biofeedback (4 for PA), demonstration of the behavior 
and behavioral practice/rehearsal (2 for diet; 4 for PA) were 
the most used BCTs in SCT-based interventions.

A large heterogeneity was observed, not only across 
interventions based on distinct theoretical frameworks, 
but also in interventions based on the same rationale. 
Hence, no single intervention used the same combination 
of BCTs. In addition, several interventions were based 
on different combinations of theories. This prevented us 
from assessing which BCTs were more effective in chang-
ing behavior, and understanding why or how the theories 
that appeared more effective work.

Risk of bias assessment

Results are reported in Appendix 5.
Both diet-only studies were classified with weak meth-

odological quality [44, 63]. Of the fifteen PA-only studies, 
five were rated moderate [50, 54, 56, 66, 69], and ten weak 
[49, 51–53, 55, 60, 62, 65, 67, 68]. In multiple-behavior 
studies, three were rated with moderate [57–59] and six with 
weak quality [45–48, 61, 64].

The areas with a higher risk of bias were selection bias 
(all studies involved samples of volunteers) and blinding (not 
performed in several studies as interventions were rarely con-
cealed from participants and/or outcome assessors). Seven 
studies did not control for confounders or did not describe 
them, being attributed a weak quality in this domain.

Assessment of evidence’s certainty

Results are reported in Appendix 6.
The SURE checklist [43] indicated that this systematic 

review has important limitations. Language bias was not 
avoided, considering that the search was restricted to papers 
written in English. Therefore, a more comprehensive search 
could have resulted in a higher number of retrieved papers. 
The list of excluded studies was not provided. Results could 
not be combined, and heterogeneity could not be explored 
due to methodological differences in studies and to the scar-
city of studies per theory. Nevertheless, the findings of the 
current systematic review can be considered informative.

Discussion

This systematic review aimed at synthesizing the literature 
on theory-based behavior change interventions designed 
to improve PA and/or diet in cancer survivors, generally 
supporting their efficacy. Results indicated that diet-only 
interventions (although scarce) had beneficial effects on at 
least one aspect of diet (e.g., reducing the consumption of 
processed meat). Dietary changes were less consistent in 
multiple-behavior interventions, possibly because the pri-
mary focus of most of these trials was other than changing 
diet (e.g., weight reduction, improve PA or quality of life). 
Most multiple-behavior trials reported significant improve-
ments in PA, as did most PA-only trials.

Regarding theoretical frameworks, SCT was the most used, 
followed by TTM and TPB. In diet-only interventions, SCT 
was used in isolation or combined with TTM, and though 
apparently effective, too few diet trials exist to date, demand-
ing further exploration. PA-only trials based on SCT, used in 
isolation or combined with other theories, generally showed 
beneficial effects on PA. Our results mirror those reported in a 
recent meta-analysis [27], showing that SCT-based interven-
tions resulted in meaningful changes in diet and PA behaviors 
in cancer survivors. This is especially true for diet-only and 
PA-only trials, but not so much for multiple-behavior trials, 
which in our systematic review led to mixed findings, pos-
sibly due to the different theoretical combinations, variability 
in the extensiveness of theory use, and large heterogeneity in 
the employed intervention techniques.

In line with prior research [70–73], interventions based 
on TPB and TTM led to mixed findings, with some stud-
ies pointing towards positive changes in the outcomes of 
interest, while others could not find significant effects. Addi-
tional studies are required to validate the efficacy of both 
these theories, especially in the field of nutrition/diet. On 
the other hand, HAPA-based interventions showed promis-
ing results, consistent with those of a pilot trial testing a 
HAPA-based intervention, which found significant increases 
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in the frequency of breaks from sitting in full-time univer-
sity students [74]. However, HAPA’s use is still limited and 
rarely in isolation. More interventions are thus required to 
confirm these findings.

Other theories were seldom used, making it difficult to 
draw conclusions about their effectiveness. Interestingly, 
no interventions based on Self-Determination Theory were 
found, though prior research has shown that internal motiva-
tions play an important role in long-term, sustained, behavior 
adoption [75–77], supporting its use as a valid framework.

The extensiveness of theory use in the interventions 
included in this review might explain the observed mixed 
findings. We found that more than half of the interventions 
made a sparse use of theory, rarely linking intervention 
techniques to theoretical constructs, selecting participants 
or tailoring interventions to subgroups based on psychologi-
cal constructs. Measurement and interpretation of results 
in relation to theory were also inconsistent across studies. 
These results suggest that theory use was rather insubstan-
tial, alerting once again for the necessary distinction between 
theory-informed interventions and theory-based interven-
tions [78–80]. Studies included in this review were often not 
explicit about how the theory was operationalized, i.e., by 
specifying which theory-relevant determinants of behavior 
were targeted and how (through which intervention tech-
niques). Interventions truly based on theory should include 
these aspects in their design [81, 82].

According to our findings, interventions’ effectiveness 
seems to be independent of the intensity of theory use. One 
aspect that might explain these results is the large variation 
in the target outcomes. Several and distinct dietary measures 
were used in the studies, as happened with PA measures. 
Every time an intervention presented a significant change 
in one of these measures, it was considered effective in the 
present review. We did/could not match effects by identi-
cal measures, which might have had an influence in these 
results. Also, besides the large variability in the extensive-
ness of theory use, the combinations of theories used varied 
substantially, preventing us from making more solid conclu-
sions. Finally, we cannot discard the hypothesis that inter-
ventions with an extensive use of theory could turn out to 
be more effective in the long-term, throughout life. Most of 
the studies included in this systematic review reported on 
changes in diet and/or PA in the first 12 months (or less) fol-
lowing the intervention. It is known that times of adversity, 
like a cancer diagnosis, create a unique set of circumstances 
for behavior change whereby patients are met with a “teach-
able moment” [83]. Indeed, after active treatment comple-
tion, over half of cancer survivors are willing and feel able 
to participate in exercise [18] and report an increase in the 
number of health-related goals [84]. It is thus possible that 
in the long run, we could observe clearer distinctions in the 
outcomes of these interventions, perhaps greater in those 

interventions using theory more extensively, or using a cer-
tain theory or combination of theories.

The most used intervention techniques in the trials 
included in this review, and targeting changes in PA and/or 
diet, were goal setting of behavior, self-monitoring of behav-
ior, feedback on behavior, instruction on how to perform 
the behavior, and problem solving, in line with previous 
systematic reviews in chronic disease populations [85, 86]. 
Still, a large heterogeneity was observed, not only across 
interventions based on distinct theoretical frameworks, but 
also in interventions based on the same rationale. No con-
sistent (theory-congruent) combinations of techniques for 
improving PA or diet in this population were identified. In 
addition, interventions were based on varied combinations of 
theories. This prevented us from assessing which interven-
tion techniques were more effective in changing behavior, 
or how the theories appearing more effective did work. The 
combination of techniques used might potentiate or suppress 
the effect of certain BCTs used in isolation, due to putative 
interaction effects, also depending on contextual factors and 
other intervention characteristics [87]. Moreover, interven-
tions were not always described in sufficient detail, possibly 
leading to the inappropriate (mis) identification of BCTs in 
some of the interventions included in the current review. 
This issue has been previously observed [87–89]. The way 
the planned intervention is implemented afterwards might 
also influence its effectiveness, depending on the style of 
delivery or on the appropriateness of implementation of the 
selected techniques [90, 91].

This is the first review summarizing the evidence of RCTs 
evaluating the effects of multiple behavior change theories 
on both PA and/or dietary patterns in cancer survivors with 
multiple types of cancer, providing a broad overview of 
existing theory-based interventions in this population.

Limitations

The present systematic review has several limitations that 
should be considered when interpreting the results. A broad 
definition of cancer survivors was considered herein, increas-
ing the evidence’s breadth but contributing to increased het-
erogeneity across studies. The limited number of trials target-
ing diet only did not allow us to withdraw any conclusions 
regarding this type of intervention. PA outcomes were pre-
dominantly based on self-reported data and most interventions 
were unsupervised. Only two trials focused on promoting 
resistance-training, despite current PA recommendations [5], 
which precluded the exploration of effects across different PA 
types. More than two thirds of the studies were rated as “weak 
quality,” calling for improvements in research methodologies. 
Results could not be combined and quantitatively summarized 
due to methodological differences and to the scarcity of stud-
ies per theory (or combination of theories). Most interventions 
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used theory sparsely, suggesting they were theory-informed 
rather than truly theory-based. Also, no consistent (theory-
congruent) combinations of techniques for improving diet 
and/or PA were identified in this population. These findings 
call for more detailed descriptions of theory operationaliza-
tion (which constructs were targeted and through which spe-
cific intervention techniques), greater standardization in the 
identification of employed intervention techniques (by using 
comprehensive taxonomies), assessments of the style of deliv-
ery and measures of implementation fidelity, which are clearly 
required and likely to have an impact on the determination 
of theory-based interventions’ effectiveness. Comparing the 
effectiveness of interventions using different theories through 
meta-analysis and assessing whether single or multiple health 
behavior interventions have the greatest benefit to improve 
health behaviors would also be useful gaps to address.

Clinical implications

Our review suggested that theory-based interventions are 
important to improve and maintain PA and diet behaviors in 
cancer survivors, but which theories or combinations of the-
ories are more effective and why requires further investiga-
tion. Nevertheless, the available evidence seems to support 
the use of theory-based interventions, if carefully designed 
and planned. Clearly identifying which theoretical constructs 
will be targeted, through which intervention techniques, and 
how they will be measured is recommended if professionals 
are to truly understand how to effectively change the target 
behavioral outcomes, PA and diet, in cancer survivors.

Conclusions
This systematic review suggests that theory-based interven-
tions seem important to improve PA and diet behaviors in 
cancer survivors. SCT was the most used theory, showing 
promising results in PA-only trials. Mixed findings were 
found for multiple-behavior interventions based on SCT, and 
for interventions based on TPB or TTM. Limited but poten-
tially favorable findings were found in diet-only interventions 
and in HAPA-interventions. We found a large variability in 
the extensiveness of theory use and in the employed inter-
vention techniques. Therefore, further research is required 
to corroborate our findings and understand how and why 
these interventions offer promise for improving behavior. 
This information can contribute to the development of more 
effective interventions to promote adherence to healthy life-
style behaviors. Notwithstanding the beneficial effects of the 
theory-based interventions included in this systematic review, 
more research is needed to identify the optimal features and 
content of lifestyle interventions for cancer survivors.
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