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Abstract

Background: Individuals at high risk for type 2 diabetes are also at an increased risk for developing cardiovascular disease
(CVD). Although there are separate trials examining the effects of lifestyle interventions on absolute CVD risk among people at
high risk for type 2 diabetes, a comprehensive evidence synthesis of these trialsis lacking.

Objective:  We will systematically synthesize the evidence on the effects of lifestyle interventions in reducing absolute CVD
risk and CVD risk factors among people at high risk for type 2 diabetes.

Methods: We adhered to the PRISMA-P (Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols)
statement in reporting the details of this protocol. Randomized controlled trials of diabetes prevention that examined the effects
of lifestyle interventionsfor at least 6 months on absolute CVD risk and CV D risk factors among individuals at high risk for type
2 diabetes will be digible. We will systematically search the MEDLINE, Embase, PsycINFO, CENTRAL, and Scopus databases
and Clinical Trials.gov using a mix of Medical Subject Headings and text words. Two authors will independently screen the
abstract and title of the articles retrieved from the search, followed by full-text reviews using the inclusion and exclusion criteria
and data extraction from the eligible studies. Article screening and data extraction will be performed in the Covidence software.
The primary outcome will be the changes in absolute 10-year CVD risk, as estimated by risk prediction models. The secondary
outcomes are the changes in CVD risk factors, including behavioral, clinical, biochemical, and psychosocia risk factors, and
incidence of type 2 diabetes.

Results: Aninitial database search was conducted in July 2023. After screening 1935 articles identified through the database
search, 42 articleswere considered eligiblefor inclusion. It is anticipated that the study findings will be submitted for publication
in a peer-reviewed journal by the end of 2024.

Conclusions: This study will provide up-to-date, systematically synthesized evidence on the effects of lifestyle interventions
on absolute CVD risk and CVD risk factors among individuals at high risk for type 2 diabetes.

Trial Registration: PROSPERO CRD42023429869; https://tinyurl.com/59ajy7rw
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Introduction

Cardiovascular diseases (CV Ds), mainly ischemic heart disease
and stroke, are the leading causes of premature deaths and
disability among adults worldwide [1]. In 2019, CVDs
accounted for an estimated 18.6 million deaths and 34.4 million
years lived with disability [1].

Hyperglycemiaisawell-established risk factor for CVDs[2,3].
Individualswith ahigh risk of developing type 2 diabetes, such
as those with prediabetes, aso face an elevated risk of
experiencing CVD events [4], with higher incidence rates than
the general population [5,6]. Consequently, it is imperative to
implement interventions for the primary prevention of CVDs
among those at high risk for type 2 diabetes[7,8].

Behavioral risk factors such as an unhealthy diet, heavy alcohol
drinking, and physical inactivity lead to increased BMI, plasma
glucose, and serum lipids and the development of CVD events
[1,9]. Studies have also shown that psychosocial factors, such
as anxiety, depression, stress, social isolation, and the lack of
socia support, can independently influence absolute CVD risk
[10,11].

Assessing an individual’s CVD risk is the initial step in the
primary prevention of CVDs [12]. The international clinical
guidelines from the World Health Organization (WHO) and the
American Heart Association recommend estimating a person’s
10-year absolute risk of developing CVD events using risk
scores that quantify the cumulative impact of multiple risk
factors [12,13]. The predicted 10-year CVD risk not only
informs treatment strategies but also assists in assessing the
effectiveness of those strategies [14]. Furthermore, treatment
options vary based on the levels of CVD risk. For example, the
European Society of Cardiology guidelines recommend using
the Systematic Coronary Risk Evaluation 2 (SCOREZ2)
algorithm, which includes age, sex, current smoking, systolic
blood pressure (BP), total cholesterol, and high-density
lipoprotein cholesterol. This agorithm helps determine an
individual's CVD risk category as “low-to-moderate,” “high,”
or “very high” [9,14]. Although the guidelines advocate for
smoking cessation and the adoption of healthy lifestyle choices
for individualsin any risk category, treatment for high systolic
BP and cholesterol is specifically recommended for those with
“high” or “very high” scores[15].
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Randomized controlled trials (RCTs) focusing on adopting a
healthy diet, increasing physical activity, quitting smoking, and
addressing stress and other psychosocial risk factors have shown
significant reductions in absolute CVD risk [16,17] and CVD
events[8,12] among individualsat high risk for type 2 diabetes.
However, there have also been lifestyle-based RCTs that did
not report significant results [18]. These discrepancies in the
outcomes of trials underscore the importance of conducting a
systematic review to provide a comprehensive summary of the
existing evidence. Previous systematic reviews and
meta-analyses on reduction in absolute CVD risk with lifestyle
interventions included people with type 2 diabetes, the general
population, or high-risk groups for CVD (eg, individuals with
hypertension or obesity) [17,19], but not those at high risk for
type 2 diabetes. Notably, although previous systematic reviews
have examined the effects of lifestyle-based diabetes prevention
trialson traditional CV D risk factors (eg, obesity and high total
cholesterol) [17,19-21], none specifically examined the impact
of such trialson psychosocial risk factors. Thisisdespite studies
showing that psychosocial risk factorsinfluence absolute CVD
risk and risk factors[13,22].

The proposed systematic review will thus fill a substantial gap
in the existing literature by focusing on individuals at high risk
for type 2 diabetes and assessing the effects of lifestyle
interventions on absolute CVD risk and not only traditional
CVD risk factors but also psychosocial risk factors.

Methods

Overview

We adhered to the PRISMA-P (Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocols) statement in
reporting the details of this protocol [23]. The PRISMA-P
checklist has been included in Multimedia Appendix 1 [23].
The proposed systematic review and meta-analysis will be
conducted per the Cochrane Handbook for Systematic Reviews
of Interventions [24] and will follow the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guideline for reporting [25]. Thisreview has been registered in
PROSPERO (CRD42023429869).

Inclusion Criteria

The following PICOS (Population, Intervention, Comparator,
Outcome, and Study Design) framework [26] will be considered
to determine the eligibility of studies (Table 1).
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Table 1. PICOS (Population, Intervention, Comparator, Outcome, and Study Design) framework.

Criteria Description

Population o Adults (aged 218 years) at high risk of developing type 2 diabetes:

1 Impaired fasting glucose, defined by theADAacriteria(FPGb 100 mg/dL [5.6 mmol/L] to 125 mg/dL [6.9 mmol/L])
[27] or the WHQO® criteria (FPG 110 mg/dL [6.1 mmol/L] to 125 mg/dL [6.9 mmol/L]) [28] or

2. Impaired glucosetolerance, defined as 2-hour plasma glucose 140 mg/dL (7.8 mmol/L) to 199 mg/dL (11.0 mmol/L)
on a75-g ora glucose tolerance test [27] or

3. Elevated hemoglobin A¢: 5.7%-6.4% (39-46 mmol/mol) [29] or 6.0%-6.4% (42-47 mmol/mol) [30] or

4. High diabetes risk scores: for example, the Indian Diabetes Risk Score =60 [31], the Finnish Diabetes Risk Score
=12 [32], the ADA risk test =5 points [33], and the Leicester Risk Assessment Score 216 [34]

Intervention «  Structured lifestyle intervention programs for 6 months or more that aimed to improve diet quality, increase physical ac-
tivity, help participants quit smoking, reduce alcohol consumption, or provide advice on other healthy lifestyle choices

Comparator « Usua or standard care with or without minimal intervention (eg, providing health education booklets)

Outcome *  Primary outcome: Changes in absolute 10-year cvpd risk, as estimated by risk prediction models, and the incidence of
fatal and nonfatal CVD events (myocardial infarction, angina, stroke, peripheral artery disease, need for coronary bypass
grafting, or heart failure)

«  Secondary outcomes: Changesin behavioral, clinical, biochemical, and psychosocia risk factors and incidence of type 2

diabetes

«  Behaviora risk factorsinclude an unhealthy diet (includes poor diet quality or increased consumption of processed
foodsthat are high in sugars and saturated fat), physical inactivity, alcohol consumption, tobacco use, and sleep time
and quality

«  Clinica measures are weight, BMI, waist circumference, and systolic and diastolic blood pressure

«  Biochemical measures are FPG, hemoglobin A, total cholesterol, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol, and triglycerides

«  Psychosocial measures are stress, depression, and anxiety

Study design «  Randomized controlled trials

BADA: American Diabetes Association.
bEpG: fasting plasma glucose.

SWHO: World Health Organization.
devD: cardiovascular disease.

Exclusion Criteria

Studies conducted among individuals with diagnosed type 2
diabetes or gestational diabeteswill be excluded. Studiestesting
pharmacological or surgical interventions, non-RCT studies,
and articles not published in English will also be excluded.

Data Sources and Search Strategy

Bibliographic databases, such as Ovid MEDLINE, Embase,
CENTRAL, PsycINFO, and Scopus, and Clinical Trials.gov will
be searched for articles reporting on the effects of lifestyle
interventions on absolute CV D risk and CV D risk factorsamong
individualsat high risk of devel oping type 2 diabetes. Our search
strategy will include acombination of Medical Subject Headings
and freetext terms. The search terms are “cardiovascular
disease” “lifestyle interventions,” “diet,” “physical activity,”
“prediabetes,” “impaired fasting glucose,” “impaired glucose
tolerance,” “diabetes risk score” “diabetes prevention,”
“cardiovascular diseaserisk score,” “ cardiovascular risk factors,”
“psychosocial risk factors” “stress” “depression,” and
“anxiety.” A comprehensive search strategy for each
bibliographic database will be developed in consultation with
alibrarian and expertsin the field of diabetesand CVD. Asan
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example, the search strategy for MEDLINE is given in
Multimedia Appendix 2.

Study Selection

All identified studieswill be exported to the Covidence software
(Veritas Health Innovation), and duplicates will be removed.
Two independent reviewers will screen the titles and abstracts
of eligible studies. The full-text reviews will be performed
against the inclusion and exclusion criteria by the same 2
reviewers. Disagreements arising between the reviewers at any
stage of study selection will be resolved by discussion or
consultation with athird reviewer.

Data Extraction

Two independent reviewers will extract data from eligible
studies using a template designed by the Covidence software.
The data extracted will pertain to specific details about study
participants, lifestyle interventions, study methods (eg, study
setting and follow-up time), and outcomes. Any reviewer
conflicts will be resolved through discussion or consultation
with athird reviewer. The authors of the paperswill be contacted
to obtain missing or additional dataif needed.
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Risk of Biasand the Certainty of Evidence

Two reviewers will independently assess the potential sources
of bias specific to RCTsusing the revised Cochrane risk-of-bias
tool for randomized controlled trials (RoB 2) [35]. The GRADE
(Grading of Recommendations, Assessment, Devel opment and
Evaluation) framework [36] will be used to determine the
certainty of the evidence. Consensus between the reviewerswill
be achieved by discussion or consultation with athird reviewer.

Data Synthesis

After the selection of eligible studies and data extraction, the
included studies will be described in a narrative form focusing
on the following: income status of the countries (high-income
or low- and middle-income countries) where the studies were
conducted, study setting (community, hospital, or workplace),
age and sex distribution of the study participants, components
of thelifestyleintervention programs (eg, diet, physical activity,
deep, stress, and smoking), duration of the interventions,
duration of follow-up, and outcomes.

Where possible, outcomes data across studies will be pooled
using the DerSimonian-Laird random-effects models for
meta-analysis [37]. Effect sizeswill be expressed asrisk ratios
(for categorical variables) and standardized mean differences
(for continuous variables) with 95% Cls. The degree of
between-study heterogeneity will be assessed using the Cochran

Q test (P<.01 for heterogeneity) and Higgins 12 statistic (low:

<25%, moderate: 25%-50%, and high: >50%) [38]. 12 quantifies
the percentage of variability in effect estimates due to
heterogeneity rather than sampling error [24]. Subgroup analyses
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will be considered if there are sufficient data to examine the
effects of lifestyleinterventions by types of high-risk individuals
(impaired fasting glucose, impaired glucose tolerance, elevated
hemoglobin A, and high diabetes risk score) and different
prediabetes definitions. Publication bias will be assessed by
funnel plots [39] and Egger test [40] if 10 or more studies are
included in the meta-analysis [38]. A 2-sided P<.05 will be
considered statistically significant. Analyseswill be performed
using RevMan (version 5.4.1; The Cochrane Collaboration) and
Stata software (version 17.0; StataCorp).

Ethical Considerations

This is a systematic review and meta-analysis based on
previously published studies and will not involve individuals.
Therefore, ethical approval is not required.

Results

Figure 1 shows the PRISMA flowchart. An initial database
search was conducted in July 2023, identifying atotal of 1935
articles. After removing 122 duplicates, 1813 articlesremained.
Thetitlesand abstracts of these articles were screened, resulting
in 124 studies selected for full-text review. Following this
review, 82 studies were excluded for various reasons. Finaly,
42 studies were included for data extraction. Currently, 2
independent reviewers are extracting data from these studies
and conducting a quality assessment of the studies. We
anticipate that the results of the study will be submitted for
publication in a peer-reviewed journal by the end of 2024. The
study findings will aso be disseminated through presentations
at scientific conferences and meetings.
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flowchart of the study selection. RCT: randomized controlled

trial.
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Novelty and Expected Findings

Thisstudy aimsto provide up-to-date and summarized evidence
on the effects of lifestyle interventions in reducing absolute
CVD risk and CVD risk factors among individuals at high risk
for type 2 diabetes. By specifically focusing on individuals at
high risk for developing type 2 diabetes, this study aims to
bridge a significant gap in the existing literature. Previous
systematic reviews and meta-analyses have predominantly
centered around people with established type 2 diabetes or the
general population, making this study distinctivein its targeted
approach.
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One of the limitations of this study isthat our search is specific
to the English language; studies published in other languages
may be missed, and this may lead to an incomplete
representation of the available evidence. Although we used a
comprehensive search strategy, if relevant studiesare till missed
during the search process, the review’s conclusions may be
biased.

Potential Implications

The study results are expected to provide valuable insights that
can contribute to shaping future guidelines about the reduction
of CVD risk and the prevention of CVD events.
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