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Abstract
Introduction: Noncommunicable diseases (NCDs) such as heart diseases, type II diabetes
mellitus, cancers, and stroke represent significant public health challenges globally.
Modifiable risk factors, including insufficient physical activity (PA), overweight or obesity,
and smoking, contribute significantly to the prevalence of these diseases. The transthe-
oretical model (TTM) offers a structured approach to behavior change, identifying stages
of readiness and change processes. This systematic review (SR) aims to evaluate the
effectiveness of TTM-based interventions in promoting healthy behaviors to mitigate these
risk factors.
Methods: This systematic review addresses the PICO question: In adults aged 18 years
and older with modifiable risk behaviors related to NCDs, how effective are TTM-based
interventions compared to standard care in increasing physical activity levels (PAL),
reducing weight or body mass index, improving dietary habits, and promoting smoking
cessation (SC)? A comprehensive search of predetermined databases was conducted
using nine research strings, adhering to strict inclusion and exclusion criteria. A six-stage
process was employed to select studies for inclusion, followed by data extraction and
narrative synthesis to identify relevant patterns, trends, and associations.
Results: Of the 259 articles retrieved, eight met the inclusion criteria. Baseline assess-
ments determined participants’ readiness for change. TTM-based interventions included
feedback or counseling sessions, feedback materials, and reports delivered in-person,
online, and by telephone. Follow-up durations varied from 2 weeks to 2 years. Five out
of six studies supported the effectiveness of TTM-based interventions in enhancing PAL.
Four out of five studies demonstrated their efficacy in weight management and improving
dietary habits. However, only two out of five studies confirmed their effectiveness in SC.
Discussion: The findings indicate that TTM-based interventions are promising for improving
PAL and, to a lesser extent, for managing weight and promoting healthy dietary behaviors.
The limited effectiveness observed in SC interventions suggest a need for further research
and possibly tailored strategies within this context.
Conclusion: TTM-based interventions effectively promote PA and weight management,
with moderate success in improving dietary habits. However, their effectiveness in SC
remains inconclusive, highlighting the necessity for further investigation and potential
refinement of intervention strategies.
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1. Introduction

Noncommunicable diseases (NCDs) are of increasing social, economic, and political concern for society
and national governments. It has prevailed in many countries and is a major public health challenge
globally, contributing to a significant portion of morbidity and mortality rates [1-4]. The NCDs include a
variety of conditions such as heart diseases, type II diabetes mellitus, stroke, cancers, chronic respiratory
diseases, and mental illnesses [2, 5] and in 2016, it was reported that 71% of global deaths were due to
these NCDs [5, 6]. The main risk factors of NCDs can be classified into two main categories modifiable
and non-modifiable factors. The non-modifiable risk factors include genetic factors, environmental factors,
factors of medical conditions, and socio-demographic factors [1]. Meanwhile, under the umbrella of
modifiable risk factors are self-management or lifestyle-related factors or health behaviors that can be
modified by the individuals [1, 2]. Insufficient physical activity (PA), unhealthy dietary habits, and smoking
are the most important three modifiable health behaviors linked with multiple NCDs [1, 7-9]. Worldwide,
1 in 4 adults do not meet the global recommended levels of PA, and insufficient PA among adults has
seen an increase over time and is currently estimated at around 27.5% in 2016 [10, 11]. This lack of PA
contributes significantly to the burden of NCDs globally and has been identified as one of the leading
risk factors for mortality from such diseases [12]. Insufficiently active people have a 20–30% increased
risk of death compared to sufficiently active people [10, 11]. Currently, obesity and overweight are major
universal public health problems [13] and in 2016, more than 1.9 billion adults in the world were overweight,
and 13% were obese [14]. The Centers for Disease Control and Prevention estimates that tobacco causes
6 million deaths per year and according to the Global Adult Tobacco Survey 2016-2017, nearly 42.4%
of men, 14.2% of women, and 28.6% of all adults currently use tobacco [15]. Consequently, the most
effective strategy to restore health and well-being along with prevention and control of NCDs, would be
the one that promotes health behaviors and leads to lifestyle changes in terms of increased individuals
PA, adherence to healthy dietary habits, weight management/loss, and smoking cessation (SC) [1, 2, 8, 16].
Behavior-change theories have been proposed as important tools to enhance individual’s achievement
of healthier behaviors and to foster addressing their obstacles, thus changing attitudes and contributing
to sustainable health behaviors [17-20]. Theories that identify the individual’s readiness to change might
be helpful since most individuals are not ready to change their behavior; therefore, they will not be
able to follow the traditional action-oriented health promotion programs [19, 21]. Additionally, focusing
on research that studies the effectiveness of health promotion interventions only on the interventions’
outcomes should be shifted to study the theory-based promotion interventions. Doing so would help
healthcare practitioners understand the process of behavior change and the underlying mechanism of
action contributing to the success of the interventions and to design more effective interventions for
health behavior change [22, 23]. The transtheoretical model (TTM) is an integrative model of behavior
change [24], and it is a framework that offers a structured approach to behavior change by identifying
stages of readiness and processes of change [22, 23]. This TTM (also called the Stages of Change (SoC),
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Model), was developed by Prochaska and DiClemente in the late 1970s [25, 26]. This TTM states that
changing a behavior is complex and not by chance, instead it is a process as different individuals are in
different SoC and readiness [26, 27]. In other words, TTM operates on the assumption that individuals do
not change behaviors quickly and decisively. Rather, change in behavior, especially habitual behavior,
occurs continuously through a cyclical process and in a sequence of stages [19, 21, 23]. In this TTM process,
individuals move through five SoC: 1- Precontemplation: In this stage, individuals are often unaware that
their behavior is problematic or produces negative consequences. Additionally, they do not intend to act in
the foreseeable future (defined as within the next 6 months). Individuals in this stage often underestimate
the pros of changing behavior and emphasize more of its cons. 2- Contemplation: In this stage, individuals
intend to start healthy behavior within the next 6 months. They recognize that their behavior may be
problematic, and a more thoughtful and practical consideration of the pros and cons of changing their
behavior takes place, with equal emphasis on both. Even with this recognition, individuals may still feel
ambivalent toward changing their behavior. 3- Preparation (Determination): In this stage, individuals are
ready to act within the next 30 days. They start to take small irregular steps toward behavior change,
and they believe changing their behavior can lead to a healthier life. 4- Action: In this stage, individuals
have recently changed their behavior (defined as within the last 6 months) in regular basis and intend to
keep moving forward with that behavior change. 5- Maintenance: In this stage, individuals have sustained
their behavior change for a while (defined as more than 6 months) and, going forward, intend to maintain
their behavior change. Individuals in this stage work to prevent relapse in earlier stages [19, 21, 23-26].
The TTM framework suggests that intervention programs might be tailored to the individual’s stage of
readiness [28] which can be assessed through paper-based (onsite or mailed) or online-based assessment
[29]. Assessing the readiness for behavioral change is vital, as it determines the real possibilities of this
occurring [30]. The SoC provides a substantial challenge for intervention development. Intensity, duration,
and type of intervention should be responsive to the SoC of the individual [31]. It means that each SoC
has different intervention strategies that are most effective, for instance, for SC, counseling to smokers is
recommended for subjects in the preparation or contemplation SoC. On the contrary, it could be sufficient
for smokers in the pre-contemplation stage to receive a self-help booklet on smoking cessation [32]. That
is why healthcare practitioners’ understanding of individuals’ readiness to adopt healthier behaviors
and tailoring interventions, accordingly, can enhance the effectiveness of health promotion efforts. The
TTM-based interventions have the potential to significantly improve these efforts [19, 24, 26] and could
help in the prevention and management of NCDs [33]. Considering the increasing burden of NCDs and
the necessity to implement effective prevention strategies, this systematic review aims to assess the
effectiveness of the TTM-based interventions in promoting healthy behaviors related to modifiable risk
factors of NCDs, including insufficient PA, obesity or overweight, and smoking.
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2. Methods

The registration number of this SR in PROSPERO International prospective register of systematic reviews
is CRD42024518347 and it was received in March 2024. Primary data collection was started in January
2024 and was continued to mid-May 2024. For a better understanding of the methodology employed in
this SR, it is provided in detail in the following subsections.

PICO research question: This SR was conducted to answer the following PICO question (Table 1), in
adults aged 18 years and older who exhibit one or more modifiable risk behaviors related to NCDs (such
as being underactive, overweight, obese, having unhealthy dietary habits, or smoking)? How effective are
TTM-based interventions compared to standard care in increasing physical activity levels (PAL), reducing
weight or body mass index (BMI), improving dietary habits, and promoting smoking cessation?

Table 1: Detailed PICO question for a systematic review (SR) of TTM-based interventions addressing NCDs’ modifiable risk factors.

Population (P) Adults aged 18 years and older with a mean age of 40 years or above, who are
not medically diagnosed but exhibit at least one unhealthy behavior that constitutes
a modifiable risk factor for NCDs. The risk behaviors included are insufficient PA,
overweight, obesity, poor dietary habits, or smoking.

Intervention (I) Health promotion programs or interventions grounded in the principles of the TTM, aim
to improve at least one of the unhealthy behaviors included in this SR.

Comparison (C) No intervention, usual care, or alternative interventions are not based on TTM.

Outcome (O) 1- Physical activity level (PAL): Assessed through various means including self-reported
or assessor-reported questionnaires, which may be administered on paper, online, or via
telephone. Devices such as pedometers or step counters are also utilized to measure
PAL.
2. Weight management and healthy dietary habits: Measured using quantitative
indicators such as weight (in kilograms), body mass index (BMI as a percentage), waist
circumference (in centimeters), and waist-to-hip ratio. Additionally, adherence to healthy
dietary habits was evaluated based on criteria including food portion control, reduced
fat intake, and increased consumption of fruits and vegetables.
3- Smoking cessation (SC): Assessed by measuring either the complete cessation of
smoking or the reduction in nicotine dependence levels.

Eligibility criteria: Eligible studies for inclusion in the current SR are based on specifically pre-
determined inclusion and exclusion criteria as follows.

Inclusion criteria:

1. Type of Studies: Randomized control trials (RCTs) and controlled clinical trials.

2. Interventions: Interventions that incorporate or are based on TTM principles and target at least
one unhealthy behavior (specified in the PICO research question) are considered as modifiable risk
factors for NCDs.

3. Comparators/Control: No intervention, usual care, or alternative interventions not based on TTM.

4. Outcomes: Outcomes relevant to at least one of the three unhealthy behaviors specified in the PICO
research question.
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5. Participants: Male and/or female aged 18 years or above with a mean age of at least 40 years,
exhibiting at least one of the unhealthy behaviors related to the modifiable risk factors of NCDs
(specified in PICO research question).

6. Article Language: English

7. Publication Date: Studies published between 1994 and 2024.

8. Text Availability: Online with free full text access.

Exclusion criteria:

1. Participants: Subjects with any diagnosed medical condition, post-surgery, cancer survivors, or
athletes.

2. Risk of Bias: Studies with a high risk of bias as determined by the Cochrane risk of bias tools for
non-randomized trials (ROBINS-I) and RCTs (ROB 2). Additionally, studies lack sufficient detail on the
TTM intervention components or implementation or those with methodological limitations that could
compromise the validity of findings.

Information sources: For this research, various databases were utilized as information sources. PubMed
served as the primary source, offering a comprehensive collection of biomedical literature across the
globe. APA PsycNet was employed for its critical insights into psychological or behavioral aspects that
are essential for reviews in these fields. Scopus was included due to its broad coverage across numerous
disciplines. However, gray literature sources such as conference abstracts, dissertations, or non-peer-
reviewed publications were excluded from this study.

Search strategy: A comprehensive and systematic search strategy was implemented to identify studies
relevant to this SR. Designed to align closely with the SR’s objectives and the formulated PICO research
question, the strategy encompassed several components: identifying search concepts, combining terms
effectively, executing searches, adapting strategies as necessary, applying appropriate filters, and docu-
mentation of the process.

Search concepts: Theoretical Framework (Concept 1): This concept focuses on the theoretical foun-
dations of health behavior change. The search terms included “Transtheoretical Model”, “Stages of
Change”, “Health Behavior Change”, “Health Promotion”, “Health Behavior Intervention”, and “Behavioral
Readiness”. Health Outcomes/Behaviors (Concept 2): This concept focuses on specific health behaviors
and outcomes targeted by the SR. The search terms were organized into three categories:

1- Physical activity (PA): Terms such as “Physical activity”, “Exercise”, “Physical Activity Promotion”,
and “Physical Engagement”.
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2- Weight management: Terms included “Overweight”, “Obesity”, “Weight Management”, “Body Mass
Index Reduction”, “Weight Control”, “Weight Loss”, “Dietary Habits”, “Eating Behavior”, and “Obesity
Prevention”.

3- Smoking cessation (SC): Included terms like “Smoking Cessation”, “Stop Smoking”, “Quitting Smok-
ing”, “Smoking Reduction”, “Tobacco Use Cessation”, and “Reducing Tobacco Use”.

Combining the terms: The search strategy utilized Boolean operators to effectively combine the
identified terms from both Concept 1 and Concept 2. The structure of the search was as follows:
(“Transtheoretical Model” OR “Stages of Change” OR “Health Behavior Change” OR “Health Promotion”
OR “Health Behavior Intervention” OR “Behavioral Readiness”) AND (“Physical activity” OR “Exercise”
OR “Physical Activity Promotion” OR “Physical Engagement” OR “Overweight” OR “Obesity” OR “Weight
Management” OR “Body Mass Index Reduction” OR “Weight Control” OR “Weight Loss” OR “Dietary
Habits” OR “Eating Behavior” OR “Obesity Prevention” OR “Smoking Cessation” OR “Stop Smoking” OR
“Quitting Smoking” OR “Smoking Reduction” OR “Tobacco Use Cessation” OR “Reducing Tobacco Use”).

Search execution: The search strings were formulated using the combined terms previously outlined.
For each of the three included outcomes or health behaviors, three distinct search strings were developed,
resulting in a total of nine strings. Researchers utilized these nine strings to conduct searches across the
predetermined databases. Additionally, to ensure the comprehensiveness of the search strategy and
minimize the risk of selection bias, periodic searches were conducted throughout the systematic review,
concluding just before the submission for publication. The databases were last accessed on May 11th,
2024, ensuring the most current data were included in the review.

Search strategy adaptation: During the search process, the term “Behavioral Readiness” was found to
yield nonrelevant results. Consequently, this term was replaced with an alternative term, as demonstrated
in (Table 2). This adjustment helped refine the search strategy and improve the relevance of the search
outcomes.

Documentation: All search activities were meticulously documented, including details of the databases
searched, the search terms used, the number of records retrieved, and any adaptation made to the search
strategy. This documentation was crucial for ensuring the reproducibility of the search and for adhering
to the PRISMA guidelines.

Filters: To align with the SR’s inclusion and exclusion criteria, several filters were applied during the
database searches to refine the results. These filters included: 1- Publication date: Only studies published
between 1994 and 2024 were considered, 2- Text availability: Searches were limited to studies available
online as free full-text articles, 3- Article type: Only RCTs and controlled clinical trials were included, 4-
Article language: The search was restricted to articles published in English, 5- Age: Focus was placed
on studies involving adults specifically 18 years and above with a mean age of a least 40 years, 6-
Participants: The studies selected involved normal or healthy human subjects.
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Table 2: Search strings formulated Boolean operators for each health behavior.

Search stringsOutcomes/Health
behaviors

One Two Three Adapted

Physical activity (“Transtheoretical
Model” OR “Stages of
Change”) AND (“Physical
Activity” OR “Exercise”)

(“Transtheoretical
Model” OR “Health
Behavior Change”) AND
(“Physical Activity
Promotion” OR “Physical
Engagement”)

(“Transtheoretical
Model” OR “Health
Behavior Intervention”)
AND (“Physical
Engagement” OR
“Physical Activity”)

None

Overweight/Obesity (“Transtheoretical
Model” OR “Stages of
Change”) AND
(“Overweight” OR
“Obesity” OR “Weight
Management”)

(“Transtheoretical
Model” OR “Behavioral
readiness”) AND (“Body
Mass Index Reduction”
OR “Weight Control” OR
“Weight Loss”)

(“Transtheoretical
Model” OR “Health
Behavior Intervention”)
AND (“Dietary Habits”
OR “Eating Behavior”
OR “Obesity
Prevention”)

(“Transtheoretical
Model” OR “Health
Behavior Change”)
AND (“body mass index
reduction” OR “weight
control” OR “weight
loss”)

Smoking (“Transtheoretical
Model” OR “Stages of
Change”) AND
(“Smoking Cessation”
OR “Reducing Tobacco
Use”)

(“Transtheoretical
Model” OR “Health
Behavior Intervention”)
AND (“Stop Smoking”
OR “Quitting Smoking”)

(“Transtheoretical
Model” OR “Behavioral
Readiness”) AND
(“Smoking Reduction”
OR “Tobacco Use
Cessation”)

(“Transtheoretical
Model” OR “ Health
Behavior Change”)
AND (“smoking
reduction” OR “tobacco
use cessation”)

Selection process: The selection process adhered to the SR aim and research question and followed
the predefined SR eligibility criteria. Researchers utilized the nine search strings to query the three
predetermined databases, applying the previouslymentioned filters. The search results were saved in CSV
format. All the researchers set up accounts on the free software Rayyan Intelligent Systematic Review,
a tool designed to streamline the SR process by facilitating tasks such as importing data, checking for
duplication, and screening. The prime researcher (PR) initiated a new review on Rayyan, imported the
CSV documents, and used the platform to check for and resolve any duplications. Meanwhile, the PR
invited the other three researchers to join Rayyan as collaborative researchers. To minimize bias, the blind
review feature in Rayyan was enabled, allowing each researcher to independently screen studies and
see only their decisions. The screening was conducted in three steps:

1- Title screen: The researcher made an “include” decision if the study title clearly met the SR eligibility
criteria. If the title did not match any of the eligibility criteria, they selected the “exclude” decision.
For titles where a decision was not clear, “may be” was chosen.

2- Abstract screening: This step was applied to studies marked “include” or “may be” decisions. Based
on the abstract screening, studies that were marked as “included” were either continued as “include”
or moved to “exclude” or “may be” decisions. The same was applied to the studies marked as “may
be” decisions they either remained with the same decision or changed to “exclude” or “include”.

3- Full-article screening: In this final step, the researcher thoroughly reviewed the full articles for those
studies that had been marked “include” or “may be” from the abstract screening. Decisions to
“include” or “exclude” were finalized based on a comprehensive review of the full texts.
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To provide a transparent and structured review process, reasons for excluding studies were system-
atically recorded using Rayyan’s predefined reasons menu, throughout each screening phase. These
reasons and their frequencies were then systematically recorded and tabulated for each screening step.

Risk of bias assessment (ROB): Studies that progressed to the “include” decision following the full-
article screening were subject to a thorough ROB. The assessment utilized Cochrane risk of bias tools,
ROBINS-I for non-randomized studies, and RoB 2 for RCTs [34]. These domain-based tools qualitatively
evaluate the risk of bias across various domains within the studies. Each tool comprises seven domains.
Traditionally, the Cochrane ROB tools categorize the risk of bias into three levels (low risk of bias, some
concerns, and high risk of bias) for individual domains. However, to better align with the specific context
of this SR, the researchers adapted the possible flexibility to categorize the ROB and utilize a modified
four-category system to assess bias more precisely as detailed in (Table 3).

Table 3: Revised judgment categories for Cochrane risk of bias tools in the current systematic review.

Category title Category description

Low risk of bias Indicates minimal concerns according to Cochrane ROB tool criteria, suggesting the domain is unlikely to
significantly impact study results.

High risk of bias Significant concerns indicate substantial bias in the domain, affecting the study’s validity and results.

Some concerns Minor issues or uncertainties are noted, which could moderately influence the validity of the study results.

Unclear risk of bias Insufficient data is available to assess bias in the domain, preventing a definitive risk evaluation.

Use of ChatGPT4 for ROB: ChatGPT4, an Artificial Intelligence (AI) tool, was utilized to assess the
risk of bias across the specified domains. The AI was provided with a prompt that included the assess-
ment domains, the judgment categories, and their descriptions. Additionally, PDF documents of the
articles under assessed were attached for comprehensive evaluation. The prime researcher meticulously
reviewed the ChatGPT4 output to ensure accuracy and checked for any instances of “hallucination”,
thereby confirming the quality of this ROB assessment. The results of ROB assessment were systematically
recorded in an Excel spreadsheet. This spreadsheet included the article title, judgment, and justification for
each of the seven assessment domains, along with an overall ROB decision. Despite the initial assessment
by ChatGPT4, the final decision to include or exclude an article was made by the researchers, after
carefully reviewing each of the seven domains’ judgment and its justification. Any study identified with a
“high risk” judgment in one or more of the seven domains was excluded from the SR.

Inter-researcher agreement: To address any discrepancies that arose between researchers during
the study selection process or ROB assessment, a structured resolution strategy was implemented. This
strategy included holding consensus meetings as needed to discuss and resolve differences, ensuring a
unified approach to final decisions regarding the inclusion or exclusion of studies. This rigorous method
was designed to enhance the reliability and validity of the SR findings by promoting agreement among
the research team.

Data extraction and interpretation: Data were extracted from articles that passed the ROB assessment
and included in this SR. The extraction process involved recording information in an Excel spreadsheet,
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covering key details such as participants characters (age, gender, educational level, and ethnicity), specific
unhealthy behavior addressed, intervention details and study groups, outcomes, and results. Additional
relevant data were also noted as required. The extracted data were then organized into tables, and
narrative data synthesis was applied. This synthesis process involved combining and analyzing the
extracted data to draw over-reaching conclusions related to the SR’s aim and the research PICO question.
Furthermore, this narrative data synthesis was utilized to identify patterns, trends, and associations
relevant to the SR’s research question and aim, thereby enriching the understanding and implications
of the findings.

PRISMA Check list and flow diagram: The report of this SR was structured according to the preferred
reporting items of systematic review and meta-analysis (PRISMA) check list. Additionally, the PRISMA
flow diagram was employed to visually represent the selection process, detailing the numbers of studies
identified, included, and excluded at each stage of the review.

3. Results

Themain finding of this SR is that interventions based on the TTM are effective in improving healthy behav-
iors that are risk factors to NCDs. This is particularly evident in promoting PA and weight management,
with moderate success in improving dietary habits. However, the effectiveness of these interventions in
SC remains inconclusive.

To achieve the aim of this SR, a rigorous search strategy was applied, and it effectively utilized three
main strings, alongside an adapted string, for each of the three investigated outcomes. This approach was
executed across the predetermined databases by implementing specific filters, aligned with the study’s
eligibility criteria. The effectiveness of this strategy is reflected in the retrieval of a significant body of
research, with a total of 259 articles identified (144 articles from PubMed, 102 from Scopus, and 13 from
APA PsycNet).

As shown in Figure 1, the number of retrieved articles from the different selection process steps was
8 articles, included in the SR. Because all the articles retrieved from the full-article screening step were
RCTs, the Cochrane ROB-2 was used for ROB assessment. As demonstrated in (Table 4), two articles
were excluded because they received a decision of “high risk” in assessment domain six, “Selective
Reporting”. The remaining eight articles, which had “Included’ decision in the overall ROB Judgement
had “Low Risk” decisions in nearly all assessment dimensions, except for dimensions three and four. The
reasons for article exclusion during the selection process steps were categorized and presented in terms
of frequency (Table 5).

The extracted data from the included studies regarding population characteristics (Table 6) implies that
the included participants were middle-aged as indicated by their ages’ range or mean. The table also
shows other characteristic such as the number of participants, their ethnicity, and the percentage of female
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Figure 1: PRISMA flow chart of articles retrieved during selection process steps.

Table 4: Results of risk of bias assessment using Cochrane ROB-2 for randomized control trials.

# Retrieved
article
reference
number

D1: Random
sequence
generation

D2:
Allocation
conceal-
ment

D3:
Blinding
of partici-
pants and
personnel

D4:
Blinding of
outcome
assessor

D5: In-
complete
outcome
data

D6:
Selective
reporting

D7: Other
sources of
bias

Overall,
ROB
judgement

1 [29] Low risk Low risk Some
concerns

Unclear risk Low risk Low risk Low risk Include

2 [28] Low risk Low risk Some
concerns

Unclear risk Low risk Low risk Low risk Include

3 [22] Low risk Low risk Some
concerns

Unclear risk Low risk Low risk Low risk Include

4 [6] Low risk Low risk Some
concerns

Unclear risk Low risk High risk Low risk Exclude

5 [24] Low risk Low risk Some
concerns

Unclear risk Low risk Low risk Low risk Include

6 [30] Low risk Low risk Some
concerns

Unclear risk Low risk Low risk Low risk Include

7 [33] Low risk Low risk Some
concerns

Unclear risk Low risk Low risk Low risk Include

8 [32] Low risk Low risk Some
concerns

Unclear risk Low risk Low risk Low risk Include

9 [15] Low risk Low risk Some
concerns

Unclear risk Low risk Low risk Some
concerns

Include

10 [31] Low risk Low risk Some
concerns

Unclear risk Low risk High risk Low risk Exclude

DOI 10.18502/dmj.v7i2.17672 Page 72



Dubai Medical Journal Salwa B. El-Sobkey et al.

Table 5: Reasons for articles exclusion at different screening steps.

Frequency based on screening stepReason category
Title Abstract Full text

Total

Irrelevant study aim 0 18 3 21

Irrelevant study design 29 11 4 44

Irrelevant intervention 17 7 4 28

Irrelevant population 38 10 6 54

Irrelevant outcome 19 0 0 19

Inaccessibility for free full article 0 0 11 11

Total 103 46 28 177

participants. Additionally, the table indicates that the included studies focused on the three predetermined
modifiable risk factors of NCDs. Insufficient PA was assessed in six articles, while overweight/obesity and
smoking were each studied in five articles. Furthermore, the table indicates that assessing the participants’
readiness for behavioral change through the SoC is a common baseline assessment in all the included
studies. In addition, at least one of the focused modifiable risk factors of NCDs is included in the baseline
assessment. The assessment modes were relied on self-reporting (3 articles), healthcare personnel (3
articles), and the researchers (2 articles). The most frequently used baseline assessment was in-person (5
articles). The participants’ groups, interventions implemented, and follow-up assessment are presented
in (Table 7). Participants were divided into one intervention group and one control group in five studies,
while two studies included only intervention groups. The total number of intervention groups in eight
studies was 14, with 12 of them involving sessions of feedback, behavioral counseling, or motivational
interviews, all tailored based on participants’ SoC. The remaining intervention groups used printed mailed
materials and feedback reports, which were also based on participants’ SoC. Six control groups were
included, with four of them using the usual intervention or no intervention, while sessions and materials
were used in the other 2 groups but were non-tailored. In-person mode of interventions was the most
common in intervention groups and less common in the control groups (9 and 2 respectively). Printed
materials or telephone mode of intervention were utilized in 3 intervention groups and once in the control
group, while the online mode was used twice with intervention groups. Apart from the article in which
48 sessions were applied, the range of sessions ranged from 1-4 sessions in the rest of the 7 studies.
Meanwhile, the table determines that in-person follow-up assessment was applied in 4 articles and that
the follow-up duration ranged from short duration (2-4 weeks) to long duration, up to 24 months. Results
also show that different outcome measures were utilized in the eight included studies. For the PAL,
different self-reported questionnaires were used. For overweight/obesity, direct measures such as body
weight, BMI, WC, and WHR were employed. Additionally, dietary habit/behavior was assessed using
various questionnaires. Meanwhile, SC assessment was mainly based on participants’ self-reporting.
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Table 7: Summary of extracted data from the eight included studies regarding interventions and follow-up assessments.

Interventions Follow-up
Ref. G N

Type N Mode Description Duration Mode

IG 504 Session
3 (at least
30 days in
between)

Online HRI+ Feedback, tailored based on
SoC 6 months Online

IG 433 Session 3 In-person or
Telephone

HRI+ Motivational interview-based
health coach

4 and 12
months In-person

[29]

IG 464 Session 1 Online HRI only 6 and 12
months Mail or phone

IG 316 Session

2 (one risk
factor) or 3
(2 risk
factors)

In-person Behavioral counseling, tailored based
on SoC

6, 12, 24
months

Mail followed by
telephone for
non-responders[28]

CG 567 Session 1 In-person Usual health promotion methods 4 months In-person

IG 80 Materials - Printed-
mailed Tailored based on SoC, focused on PA 12 months In-person

IG 80 Session 1 Telephone Behavioral counseling, tailored based
on SoC

6 and 12
months Telephone[22]

CG 79 Materials - Printed-
mailed

Non-tailored, standard, focusing on
general health and wellness

2 and 4
Weeks In-person

IG 628 Feedback
reports 4 Printed-

mailed

Computer-generated, tailored on SoC,
focused on healthy eating, moderate
exercise, managing emotional distress
without eating

6 months Online
[24]

CG 649 - - - No intervention 4 and 12
months In-person

IG 13 Session

48 exercise,
8 health
education,
8 nutrition

In-person
Group guided exercise (3/week) +
health education (1/2 weeks) +
nutritional guidance (1/2 weeks)

6 and 12
months Mail or phone

[30]

CG 20 - - - No intervention 6, 12, 24
months

Mail followed by
telephone for
non-responders

IG 1481 Session
Individual
approach:
2-3+

In-person

Individual approach: Behavioral
counseling, tailored based on SoC;
Group approach: Health education
workshops (gym sessions, cooking
workshops, and seasonal menus);
Community approach: focused on
social prescription of resources and
activities offered in the participants’
communities

4 months In-person

[33]

CG 1581 Session 1 In-person

Received usual care: PHC
professionals integrated a program of
preventive activities and health
promotion, mainly brief advice

12 months In-person

IG 363+
366 Session 1 In-person

A self-help booklet + Behavioral
counseling, tailored based on SoC
focused on PA and Smoking.
Precontemplation participants
received SC+ PA (N=366),
contemplation and preparation
received SC (N=363)

6 and 12
months Telephone

[32]

CG 371 Session 1 In-person
A self-help booklet + usual care
without any additional targeted
counseling interventions

2 and 4
weeks In-person
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Table 7: Continued.

Interventions Follow-up
Ref. G N

Type N Mode Description Duration Mode

IG 20 Session 3 In-person Behavioral counseling, tailored based
on SoC focused on SC 6 months Online

IG 20 Session 3 In-person Behavior counseling and intra oral
camera assessment

4 and 12
months In-person

IG 20 Session 3 In-person Behavior counseling and carbon
monoxide monitoring

6 and 12
months Mail or phone

[15]

IG 20 Session 3 In-person
Behavior counseling, intra oral
camera assessment and carbon
monoxide monitoring

6, 12, 24
months

Mail followed by
telephone for
non-responders

G = Group, IG = Intervention group, CG = Control group.

The summary of extracted data from the eight included studies regarding their results is demonstrated
in (Table 8). Additionally, Table 9 indicates that five studies support the effectiveness of TTM in improving
PAL, while four studies support its effectiveness in weight management and fostering healthy dietary
behaviors. Only two studies support the effectiveness of TTM in SC.

Table 8: Summary of extracted data from the eight included studies regarding the results.

Ref. Results

[29] PAL: The MI and TTM groups had
significantly (P < 0.01) greater
percentage than the standalone HRI. No
significant differences (P > 0.05) were
observed between the MI and TTM
groups

BMI: No significant differences (P > 0.05)
between groups

Smoking: A nonsignificant (P > 0.05) trend
favoring the MI and TTM groups but
lacked the sample size to find significant
differences

[28] PAL: The odds for intervention vs control
were 1.89 (95% CI = 1.07, 3.36) at 4
months and 1.68 (95% CI = 1.08, 2.61) at
12 months

Dietary fat intake reduction: The odds
for intervention vs. control were 1.77
(95% CI = 0.76, 4.14) at 4 months and
1.49 (95% CI = 0.56, 4.00) at 12 months

Smoking: The odds for intervention vs.
control were 2.15 (95% CI =1.30, 3.56) at 4
months and 1.26 (95% CI = 0.73, 2.18) at 12
months

[22] At 6 months:
Print-based vs. control P = 0.005
Print-based vs. Phone-based P = 0.005.
Phone-based vs. control P = 0.020.

At 12 months:
Print-based vs. control and vs
Phone-based P = 0.001.
Phone-based vs. control P = 0.204

[24] PAL (n = 713): IG had greater
percentages than the CG progressed to
(A/M) at 6, 12, and 24 months P < 0.050.

Healthy Eating (n = 1121):
IG had greater percentages than the CG
progressed to (A/M) at 6, 12, and 24
months P < 0.001
Fruit and Vegetable (n = 858):
IG had greater percentages than CG
and progressed to A/M at 6, 12, and 24
months P < 0.0001

Managing stress without eating (n = 458):
IG had greater percentages than CG at 6,
12, and 24 months P < 0.001
Self-reported weight loss: IG had a greater
percentage than CG and lost at least 5% of
baseline weight at final follow-up P <
0.050

[30] IG: pre-post reductions in weight (P =
0.004), BMI (P = 0.003), WC (P = 0.001),
and WHR (P = 0.002).
6 out of the 13 (about 50%) showed
progression in SoC

CG: Pre-post reductions in
weight (P = 0.235), BMI (P = 0.111), WC (P
= 0.145), and WHR (P = 0.104).
All the participants in the CG either
remained in the same stage or
regressed

[33] No difference in PAL positive change
between IG and CG (P = 0.737)

IG had a greater percentage of positive
change than CG in diet behavior (P =
0.001).

No difference in smoking behavior
between IG and CG (P = 0.165)
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Table 8: Continued.

Ref. Results

[32] Participants in both SC group and SC
+ PA group who were in the
preparation SoC for SC doubled their
likelihood of quitting compared to CG
(OR = 2.1 95% CI = 1.0-4.6) P < 0.05.
Participants in the contemplation
stage were more likely to reduce their
daily cigarette consumption after the
intervention (OR = 1.8, 95% CI: 1.1-3.0).
This is specifically for the 6-month
follow-up period, not 12 months

SC Rates showed significant
differences (P = 0.010) at 12 months:
SC group: 14.1%.
SC + PA group: 13.2%.
CG: 5.1%.

The increase in PA in the SC + PA group
was significant (p < 0.05) compared to
the CG

[15] Percentages of participants showed
progression from pre-contemplation
stage to contemplation or preparation
stages in 2- weeks follow-up showed
significant difference (P ≤0.05), IG 4
(37%), IG 3 (28.3%), IG 2 (13%), and IG 1
(21.7%)

In 4-weeks follow-up the percentages
showed no significant difference.
IG 4 (40%), IG 3 (24%), IG 2 (24%), and
IG 1 (12%)

Ref. = Reference of Study.

Table 9: Summary of effectiveness of the transcortical model on improving the modifiable risk factors of noncommunicable
diseases.

Ref. Physical activity level improvement Weight management/ healthy
dietary behavior

Smoking
cessation

Prochaska et al. [29] * X X

Steptoe et al. [28] * * *

Papandonatos et al. [22] * NA NA

Johnson et al. [24] * * NA

Bevilaqua et al. [30] NA * NA

Zabaleta-del-Olmo [33] X * X

Gorini et al. [32] * NA *

Das [15] NA NA ?

* = Significant improvement, X = Nonsignificant improvement, NA = Not applicable (the risk factor was not included in
this study), ? = No concluded decision (no explicit decision if significant or not significant).

4. Discussion

Improving the modifiable risk factors of NCDs can have a significant impact on controlling these diseases.
The modifiable risk factors included in this SR are focused on improving PAL, managing weight, foster-
ing healthy dietary habits, and smoking cessation. These risk factors are primarily addressed through
behavioral changes, which makes the TTM an ideal intervention to tailor the participants through their
behavioral change journey based on their SoC. Therefore, this SR aimed to assess the effectiveness of
the TTM-based interventions in promoting healthy behaviors related to modifiable risk factors of NCDs
including insufficient PA, obesity or overweight, and smoking.
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A combination of rigorous methodology and AI assistance was implemented during the conduction
of this SR to guarantee the validity of its results. The commonly practiced screening of articles for
titles, abstracts, and full text was applied based on pre-specified eligibility criteria. Regarding the ROB
assessment, studies focusing on behavior change interventions, such as the current SR, often face
challenges in fully complying with ROB criteria related to blinding either the participants or the outcome
assessor. De Freitas PP et al., reported in their study that due to the type of intervention used in TTM
for weight management, it was impossible to blind the participants and investigators to the intervention
[13]. They added that one of the strategies used in TTM intervention group was the agreement on the
treatment goals and clarification of the proposed objectives, which precluded blinding [13]. This challenge
is particularly pronounced in interventions based on the TTM, which often involve providing individualized
feedback to the participants. Unlike studies involving interventions like medications, where blinding is
more feasible, behavior studies, especially those employing TTM are inherently struggling to implement
blinding effectively. Additionally, during the preliminary review conducted for this SR, it was observed
that information regarding blinding domains (domains 3 and 4) was frequently missing from the reviewed
studies. Consequently, the researchers decided on “some concern” whenever participants’ blindness
was not followed and “unclear risk” for cases of insufficient data. For these reasons, this SR included
studies with “low ROB” or “some concerns” or “unclear risk” decisions, and only studies with “high ROB”
decisions were excluded. Eight articles were included in the current SR and the results of these articles
will be discussed based on each modifiable risk factors of NCDs.

4.1. Effectiveness of TTM-based Interventions on PAL

Out of the eight articles included in the SR, six articles assessed the effectiveness of TTM-based
interventions on improving PAL. Five of these studies supported the effectiveness of these interventions
for participants with insufficient PAL [22, 24, 28, 29, 32].

The TTM-based intervention was shown to be effective regardless of its type, mode, or number. In
the five studies indicating significant effectiveness, various methods were used, including feedback and
counseling sessions (in-person, online, telephone), printed materials, and printed feedback reports. The
number of sessions ranged from one to four. The commonality among all interventions was that they were
tailored to participants’ SoC. This strongly supports the concept that individual health promotion programs
based on participants’ readiness to change their health behaviors are more effective and should be the
preferred practice for modifying health risk factors related to NCDs, including PAL. The effectiveness of
computer-generated materials and online sessions also suggests that TTM-based interventions are cost-
effective. In addition, these TTM-based interventions were implemented by different health professionals,
indicating their wide applicability and that no specialized specialist is needed. This fosters its broader
application. It is to be noted that the follow-up for the effectiveness of TTM-based interventions on PAL
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was assessed over durations ranging from 6 months to 24 months. This evidence of the effectiveness of
TTM-based interventions in maintaining the change in participants’ PA behavior for up to 24 months.

Only one study [33] showed no significant difference between the intervention group and the control
group. The older age of participants in this study might explain this non-significant result. The age range
for participants in this study was 45-75 years, while the reported age range in studies that showed
significant improvement in PAL was 25-64 years in one study [32] and 43.9-51.4 years in another study
[28]. Additionally, the mean age in this study was 49.3 years, whereas the mean age in other studies
were lower 41.6 years [29], 44.5 years [22], and 45.4 years [24]. Younger participants might be more
likely to have the motivation, willingness, and health opportunities to change their PA behavior than
older participants. With aging, people experience normal physiological structural brain changes, such
as a decrease in brain volume, particularly in the frontal lobe, which is critical for higher cognitive
functions like planning, decision-making, and adapting to new situations [35]. These changes can make
behavior change more challenging for older adults. Another possible reason for non-significance is the
low percentage of participants in this study who received a high level of education (55.8%). Although
the percentage of participants with a high level of education was mentioned in only one of the studies
that showed significance, and it was high percentage (92%), the low percentage of participants with a
high level of education is still considered a factor for no significance. This is due to the relationship
between the educational level and behavior change. Studies have demonstrated a strong relationship
between educational level and behavior change. Higher educational attainment is associated with better
health behaviors, including increased PA, healthier diets, and reduced smoking rates. This correlation is
often mediated by health literacy, where individuals with higher education levels tend to have a better
understanding of health information and a greater ability to apply it effectively to make positive behavioral
changes [36]. In this study of non- significant results for PA, participants received not only an individually
tailored intervention based on their SoC but also group health education workshops in the form of gym
sessions. Additionally, they engaged in a community approach focused on the social prescription of
resources and activities available in their communities. This triple-fold program was supposed to have a
greater effect than the other studies that received only the individual approach. However, this was not
the case, emphasizing the dominant effect of old age and lower educational levels.

4.2. Effectiveness of TTM-based Interventions on Weight Management and
Healthy Dietary Behavior

This SR included five studies that assessed the participants’ weight management and improvement in
healthy dietary behavior. Four of these studies showed that TTM-based interventions are effective. Inter-
estingly, the study [24] that included younger participants (mean age 41.6 years) with a high percentage
of highly educated individuals (92%) demonstrated a non-significant effect. In addition, this study showed
significant improvement in PAL. These results highlight that the effectiveness of TTM-based interventions

DOI 10.18502/dmj.v7i2.17672 Page 79



Dubai Medical Journal Salwa B. El-Sobkey et al.

might be selective to one health behavior rather than another. This proposed concept is like what was
mentioned by de Freitas et al., that interventions targeting PA using TTM have shown considerable
success in increasing activity levels among participants. In contrast, dietary interventions using TTM
have produced variable outcomes, highlighting the complexity and potential selectivity of the model’s
effectiveness depending on the specific health behavior being addressed [13]. This variability could
be attributed to differences in how individuals perceive and engage with these behaviors, the specific
challenges associated with each behavior, and the contexts in which interventions are implemented. An
example of the context of intervention implementation is the study that showed a non-significant effect,
which included three online sessions with at least 30 days in between each session. This time gap might
have affected and interrupted the participants’ motivation and focus on behavior change, leading to a
loss of their readiness for this change, particularly with the online mode of sessions. It should be noted
that online sessions with this time gap showed effectiveness in improving PAL, which again highlights the
complexity and variability of the TTM. This necessitates careful consideration from health professionals
when selecting TTM to promote healthy behaviors.

4.3. Effectiveness of TTM-based Interventions on Smoking Cessation

Five studies assessed the effectiveness of TTM on SC. No specific consensus about this effectiveness can
be claimed, as two studies supported the effectiveness while another two studies did not. The remaining
study’s results are questionable. The small sample size was the accused reason for nonsignificant
effectiveness in the two studies [29, 33]. Smaller sample sizes often lead to higher variability and less
power to detect a true effect [29]. Additionally, the intervention included three online sessions with at
least 30 days in between. As mentioned earlier, this time gap might have affected participants’ motivation
and readiness for behavior change, particularly for SC, which often requires more consistent and intensive
support [29]. Smoking cessation is a complex behavior that might be more resistant to change compared
to other health behaviors like PA or dietary changes. The combination of a small sample size, time gap
in intervention application, and the complexity of SC behavior might have collectively resulted in the
non-significant effectiveness of TTM for SC. The fifth study’s results are questionable due to the nature
of the interventions implemented. This study included four intervention groups. The first group received
behavioral counseling, tailored based on SoC focused on SC. In the other three intervention groups,
this behavioral counseling was included in addition to other motivational interventions. The outcome
measure was the percentage of participants who showed progression from the pre-contemplation stage
to contemplation or preparation stages. This progression was reported to 21.7% of participants in the first
group, 13% in the second group, 28.3% in the third group, and 37% in the fourth group, with significant
differences among the groups. Several reasons contribute to the uncertainty of this study’s results: 1- While
a considerable percentage of participants in the first group showed progression, the highest percentage
was in the fourth group. It is unclear whether this progression is due to the TTM-based counseling alone
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or the additional interventions. 2- The results were significant at the 2-week follow-up assessment but
not at the 4-week follow-up, casting doubt on the sustained effectiveness of TTM-based intervention.
3- The study included four intervention groups and no control group, which made it difficult to draw
clear conclusions about the effectiveness of the TTM-based intervention. 4- The study included only 80
participants, with 20 in each intervention group. This small sample size limits the ability to confirm the
effectiveness of the tested intervention. These factors collectively hinder the ability to make definitive
conclusions regarding the effectiveness of the TTM-based intervention in this study, in SC.

4.4. Recommended Dose of TTM-based Interventions in Promoting
Healthy Behaviors Related to NCDs

Based on the previous discussion, the following key recommendations can be considered by health
professionals to optimize the design, delivery, and effectiveness of TTM-based interventions in promoting
healthy behaviors related to NCDs: 1- Tailored interventions: Interventions (sessions-materials-feedback
reports) should be tailored to the participant’s SoC to enhance motivation and effectiveness. 2- Number
of sessions: The reviewed studies suggest that the optimal range is between one and four sessions.
This range can be effective for promoting PAL and managing weight and dietary behaviors. 3- Follow-
up duration: Interventions should include follow-ups over a period ranging from 6 to 24 months to
ensure sustained behavior change. 4- Mode of interventions: A combination of in-person, online, and
telephone-based interventions can enhance accessibility and engagement. 5- Target age group: TTM-
based interventions have shown higher effectiveness in younger tomiddle-aged adults. These age groups
tend to have higher motivation and capacity for behavior change.

5. Conclusion

Transtheoretical model-based interventions promise to improve PAL and, to a lesser extent, weight
management and healthy dietary behaviors. However, their effectiveness in SC remains uncertain. Given
that these behaviors are closely related to the prevention and control of NCDs, integrating TTM-based
interventions into clinical practice can be a valuable strategy for reducing the incidence and impact of
NCDs. By targeting and modifying these key risk factors, health professionals can leverage TTM-based
interventions to promote healthier lifestyles and contribute to the overall management and prevention of
NCDs. Health professionals should tailor these interventions to individual client’s needs, ensure long-term
follow-up, and use the appropriate delivery methods to maximize effectiveness.
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Clinical Implication

The findings of this SR have several important clinical implications for health professionals aiming to
promote healthy behaviors and manage modifiable risk factors of NCDs. Firstly, the demonstrated effec-
tiveness of TTM-based interventions in improving PAL suggests that personalized, stage-based strategies
can be successfully integrated into clinical practice to enhance PA among clients. Health professionals
should consider assessing the SoC of their clients and tailoring interventions accordingly to maximize
engagement and effectiveness. Secondly, the mixed results regarding weight management and healthy
dietary behavior indicate that while TTM-based interventions can be effective, their success may vary
depending on individual characteristics such as age and educational level. Clinicians should consider
these factors when designing and implementing interventions, ensuring that programs are adaptable
to the specific needs and readiness levels of different client populations. Moreover, the importance
of maintaining long-term engagement and follow-up is underscored by the findings. Clinicians should
design intervention programs that include regular follow-ups and support to sustain behavior changes
over time. The use of various modalities, including in-person, online, and telephone-based sessions,
can provide flexibility and accessibility, which are crucial for maintaining clients’ involvement. Finally, the
study’s emphasis on the necessity of individualized approaches supports the broader application of TTM-
based interventions by different health professionals without the need for specialized specialists. This
can facilitate the widespread adoption of these interventions across various clinical settings, promoting
a more holistic and personalized approach to managing NCDs risk factors.

Future Research Project

Future research should aim to address the limitations identified in this review, such as small sample
sizes, the need for control groups, and the challenge of maintaining participant engagement over time.
Additionally, tailored interventions that consider individual differences in demographics and behavior
change readiness are crucial for optimizing outcomes across various health behaviors. Additionally,
more research is needed to assess the effectiveness of TTM-based interventions on SC considering
the complexity of smoking behavior.
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