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A B S T R A C T

Aim: This systematic review and meta-analysis examined the effectiveness of lifestyle interventions in reducing 
cardiovascular disease (CVD) risk, CVD events, and related risk factors among individuals with prediabetes.
Data synthesis: We conducted a search of the MEDLINE, Embase, PsycINFO, CENTRAL, and Scopus databases, 
along with ClinicalTrials.gov, for lifestyle-based randomized controlled trials (RCTs) involving individuals with 
prediabetes. Our focus was on interventions that lasted at least six months and were published between 1997 and 
April 2024. Two authors independently screened the abstracts and titles of the retrieved articles, followed by full- 
text reviews and data extraction from forty-two eligible studies. The primary outcomes examined were changes 
in CVD risk and CVD events, and the secondary outcomes were changes in CVD risk factors. We utilized random- 
effects meta-analysis to calculate pooled effects.
Forty-two studies (n=18,615, mean age =54.9, male (45.4 %)) were included. Lifestyle interventions reduced 
CVD risk (standardized mean difference (SMD): -1.91; 95 % CI: -2.89, -0.93, p<0.010) among the intervention 
group compared to the control group. Lifestyle interventions have also been shown to reduce various CVD risk 
factors, including the incidence of type 2 diabetes.
Conclusion: This review demonstrates more evidence to support lifestyle interventions being an important 
strategy for individuals with prediabetes to reduce their risk of developing CVD and its associated risk factors.
PROSPERO registration Number: CRD42023429869.

1. Introduction

Individuals with prediabetes face an increased risk of cardiovascular 
disease (CVD), such as coronary heart disease, stroke, heart failure, 
peripheral artery disease, and cerebrovascular disease, compared to the 
general population [1,2]. While individuals with prediabetes have 
higher-than-normal blood sugar levels, they are not yet high enough for 
a diabetes diagnosis [3]. However, prediabetes significantly increases 

the risk of progressing to T2DM, with up to 50 % developing the con
dition within five years [4]. If T2DM remains untreated for an extended 
period, it can lead to severe complications, including CVD, retinopathy, 
and neuropathy [5,6]. Furthermore, the metabolic changes associated 
with prediabetes, such as insulin resistance, hyperinsulinemia, inflam
mation, and dyslipidemia, create a harmful internal environment that 
accelerates atherosclerosis and raises blood pressure [7]. These factors 
collectively damage blood vessels and hinder circulation, directly 
contributing to the development of CVD, including coronary artery 

* Corresponding author. 99 Commercial Road, The Alfred Centre, Level 4 Melbourne VIC 3004 Office of the Provost, La Trobe University, Melbourne, Australia
E-mail address: 21377861@students.latrobe.edu.au (G.D. Demissie). 

Contents lists available at ScienceDirect

Nutrition, Metabolism and Cardiovascular Diseases

journal homepage: www.elsevier.com/locate/nmcd

https://doi.org/10.1016/j.numecd.2025.104130
Received 4 December 2024; Received in revised form 8 May 2025; Accepted 12 May 2025  

Nutrition, Metabolism and Cardiovascular Diseases 35 (2025) 104130 

Available online 15 May 2025 
0939-4753/© 2025 The Authors. Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and the Department of Clinical Medicine 
and Surgery, Federico II University. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

https://orcid.org/0000-0002-6781-2260
https://orcid.org/0000-0002-6781-2260
http://ClinicalTrials.gov
mailto:21377861@students.latrobe.edu.au
www.sciencedirect.com/science/journal/09394753
https://www.elsevier.com/locate/nmcd
https://doi.org/10.1016/j.numecd.2025.104130
https://doi.org/10.1016/j.numecd.2025.104130
http://crossmark.crossref.org/dialog/?doi=10.1016/j.numecd.2025.104130&domain=pdf
http://creativecommons.org/licenses/by/4.0/


disease, heart attack, and stroke [8].
Preventing CVD and T2DM in individuals with prediabetes requires a 

comprehensive approach that combines lifestyle modifications with 
effective risk factor management [9]. Key lifestyle changes, such as 
adopting the Mediterranean diet [10] and engaging in regular physical 
activity [11] work together to improve insulin sensitivity, reduce body 
weight, lower blood pressure and lipid levels, and ultimately decrease 
the risk of progression to T2DM and developing CVD complications [12,
13]. Studies such as the Finnish Diabetes Prevention Study (DPS) [14,
15], the US Diabetes Prevention Program (DPP) [16], and the Da Qing 
Diabetes Prevention study in China [17] demonstrated that diet and 
exercise interventions significantly reduced the incidence of type 2 
diabetes in individuals with prediabetes.

Previous systematic reviews and meta-analyses have explored the 
reduction in absolute CVD risk through lifestyle interventions among 
individuals with type 2 diabetes, the general population, or high-risk 
groups for CVD, including those with hypertension, obesity, or 
elevated total cholesterol levels [18-20]. However, none of these re
views specifically evaluated the effect of lifestyle interventions on CVD 
risk in people with prediabetes.

This systematic review and meta-analysis aims to synthesize the 
evidence on the effects of lifestyle interventions in reducing absolute 
CVD risk, CVD events, and CVD risk factors among individuals with 
prediabetes.

2. Methods

2.1. Study design and eligibility criteria

This study followed the Preferred Reporting Items for Systematic 
Review and Meta-Analysis (PRISMA) guideline for reporting [21]. This 
review has been registered in the International Prospective Register of 
Systematic Reviews (PROSPERO) (No. CRD42023429869). The details 
of the inclusion and exclusion criteria have been described in the pub
lished protocol paper [22]. Briefly, the inclusion criteria were based on 
the PICOS framework (population, intervention, comparison, outcome, 
and study design). 

• Population: Individuals (aged ≥18 years) with prediabetes, 
including impaired fasting glucose, impaired glucose tolerance, or 

elevated hemoglobin A1c based on the criteria set by the World 
Health Organization (WHO) and the American Diabetes Association 
(ADA) [23-25].

• Intervention: Structured lifestyle intervention programs lasting 6 
months or more and designed to improve diet quality, increase 
physical activity, support smoking cessation, reduce alcohol con
sumption, or provide advice on other healthy lifestyle choices.

• Comparator: Usual or standard care with or without minimal inter
vention (e.g., providing health education booklets)

• Outcomes: The primary outcomes measured were the predicted 10- 
year CVD risk and occurrences of CVD events. To incorporate a 
study that reported a predicted 5-year CVD risk [26] in the 
meta-analysis, we converted the mean 5-year predicted CVD risk to a 
10-year predicted CVD risk using an exponential method. We 
calculated the standard deviation for the mean changes in CVD risk 
in the intervention and control groups using the formula for the 
pooled standard deviation of paired samples. Secondary outcomes 
include changes in clinical, biochemical, behavioral, and psychoso
cial measures.

• Study design: RCTs

We excluded studies conducted among individuals with diagnosed 
diabetes or gestational diabetes, pharmacological or surgical in
terventions, non-RCT studies, and articles not published in English.

2.2. Data sources and search strategy

Five databases, including Ovid MEDLINE, Embase, Cochrane Cen
tral, PsycINFO, Scopus, and ClinicalTrials.gov, were searched for articles 
reporting on the effects of lifestyle interventions to reduce absolute CVD 
risk, CVD events, and risk factors in individuals with prediabetes. Our 
search strategy utilized a combination of Medical Subject Headings 
(MeSH) and free-text terms, such as “cardiovascular disease”, “cardio
vascular risk”, “cardiovascular risk scores”, “lifestyle interventions”, 
“diet”, “physical activity”, “prediabetes”, “impaired fasting glucose”, 
“Impaired glucose tolerance”, “hba1c”, “Cardiovascular risk factors”, 
“psychosocial risk factors”, “depression”, “anxiety”, “stress” and “dia
betes prevention”. A comprehensive search strategy for each biblio
graphic database was developed by consulting a librarian and experts in 
the field of diabetes and CVD prevention. A sample of the search strategy 
is provided in the supplementary file 1. The databases and trial registers 
were searched for articles published from 1997 to April 17, 2024.

2.3. Study selection

All identified articles were exported to Covidence software (Veritas 
Health Innovation, Melbourne, Australia [27] and duplicates were 
removed. GDD and JB independently screened the titles and abstracts of 
the articles. Full-text reviews were conducted by the same two re
viewers, applying the established inclusion and exclusion criteria. Dis
agreements during study selection were resolved by a third reviewer 
(AS), who independently assessed the contested items and made the 
final decision based on predefined criteria.

2.4. Data extraction

Two independent reviewers (GDD and JB) extracted data from 
eligible studies using a template designed by the Covidence software. 
The extracted data included specific details such as author information, 
study participants, lifestyle interventions, study methods (e.g., study 
setting and follow-up duration), and effect estimates of the outcomes. 
Lifestyle interventions were categorized into three groups: (1) diet 
alone, including interventions focused exclusively on dietary changes 
such as calorie restriction, nutrition counseling, or specific diet plans; 
(2) physical activity alone, involving structured or unstructured exercise 
programs without dietary components; and (3) combined interventions, 
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which included both dietary and physical activity components with 
behavioral support. Categorization was based on the primary focus and 
content described in each included study, and also aligned with the core 
components of lifestyle interventions outlined in the WHO’s Essential 
Package of NCD interventions and Global Action Plan documents [28].

2.5. Risk of bias and certainty of evidence

Two reviewers (GDD and JB) independently assessed the potential 
risk of bias in the included studies using the revised risk of bias assess
ment tool (ROB2) from Cochrane’s Collaboration [29]. The results were 
presented using the Robvis tool [30]. The study was deemed to have a 
high risk of bias if at least one domain was classified as "high risk" or if 
there were indications of "some concern" across multiple domains. Dis
agreements during study selection were settled by a third reviewer (AS), 
who independently evaluated the disputed items and made the final 
decision according to predefined criteria.

The Grading of Recommendations, Assessment, Development, and 
Evaluation (GRADE) framework [31] was employed, and GRADEpro 
software was utilized to assess the certainty of the evidence for each 
outcome across all the included studies. The GRADE approach evaluates 
the overall confidence in the estimated effect based on five key domains: 
risk of bias, imprecision, inconsistency, indirectness, and publication 
bias [31]. Each outcome was graded into one of four levels of certainty 
(high, moderate, low, and very low). Lower certainty ratings highlight 
areas where future research is needed to strengthen the evidence base 
[31].

2.6. Synthesis of evidence

After data extraction, we described the final list of selected studies 
based on the location of the study, the components of lifestyle in
terventions, the age distribution of participants, and the duration of 
follow-up. To estimate the pooled effects of the interventions on the 
outcomes, we conducted a DerSimonian and Laird random effects meta- 
analysis, which accounts for both within-study and between-study 
variability [32]. We chose the random-effects model due to the ex
pected clinical and methodological heterogeneity among the included 
studies [33]. Forest plots were created to visually represent the pooled 
effect sizes [34]. For dichotomous and continuous outcomes, we re
ported the pooled relative risk (RR) and the standardized mean differ
ence (SMD) along with 95 % confidence intervals (CIs), respectively.

Heterogeneity among the included studies was quantified using the 
I2 statistic, which reflects the percentage of variability in effect estimates 
attributed to heterogeneity rather than to random chance [35]. How
ever, thresholds for interpreting I2 values should be treated with 
caution, as the importance of heterogeneity depends on factors such as 
study context and magnitude of effects. As a general guide in 
meta-analyses of randomized trials, I2 values of 0–40 % might not be 
important, 30–60 % may represent moderate heterogeneity, 50–90 % 
substantial heterogeneity, and 75–100 % considerable heterogeneity 
[35]. We also conducted Cochran’s Q test to determine if there was 
statistically significant heterogeneity present, considering a p-value of 
less than 0.10 as indicative of substantial heterogeneity [35]. To assess 
potential publication bias, we visually examined funnel plots when at 
least 10 studies were available for a given outcome [36]. Furthermore, 
we employed Egger’s regression test to statistically evaluate the asym
metry in effect sizes, with a p-value of less than 0.05 suggesting the 
presence of publication bias [37]. All analyses were performed using 
STATA version 18 (StataCorp, College Stayion, TX, USA) [38].

Meta-analysis was not done for the outcome of CVD events due to the 
limited number of studies (three). Although a meta-analysis can tech
nically be conducted with as few as two studies, most methodologists 
recommend including at least five to ensure more reliable and precise 
pooled estimates, a more accurate assessment of between-study het
erogeneity, and the feasibility of meaningful subgroup or sensitivity 

analyses [33,39]. Meta-analysis was not also conducted for behavioral 
risk factors, including diet and physical activity, due to differences in 
outcome definitions and measurement methods. For example, dietary 
outcomes varied across studies, ranging from fruit and vegetable intake 
to fiber, saturated fat, and total calorie consumption, while physical 
activity was assessed using self-reports in some studies and objective 
tools such as accelerometers or Metabolic Equivalent of Task (METs) in 
others. This variability and small number of studies with similar out
comes made statistical pooling inappropriate, as combining such het
erogeneous measures could lead to misleading conclusions [40].

Moreover, we categorized the included studies narratively based on 
follow-up timing as short-term (<2 years), medium-term (2–5 years), 
and long-term (>5 years), and synthesized them to compare the inter
vention effects across different follow-up periods. A meta-analysis was 
not conducted for the follow-up timing categories because the studies 
within each follow-up category reported heterogeneous outcomes, 
including predicted CVD risk, incidence of type 2 diabetes, and various 
CVD risk factors such as BMI and systolic blood pressure. Due to this 
variability in outcome measures, statistical pooling was not appropriate, 
as combining effect sizes from fundamentally different outcomes can 
lead to misleading conclusions [40].

3. Results

3.1. Search results

We identified a total of 1,935 articles through our database search. 
After excluding 122 duplicates, we screened the titles and abstracts of 
1,813 articles. Based on this initial screening, 1,689 articles were 
excluded. Following a full-text review of 124 articles, 82 were further 
excluded that did not meet the eligibility criteria. Finally, 42 articles 
were deemed eligible for inclusion in this review. The study selection 
process is summarized in the PRISMA flow diagram shown in Fig. 1.

3.2. Studies’ characteristics

The 42 eligible studies had a total of 18,615 participants, with a 
mean age of 54.9 years, and 45.4 % of participants were male. The 
detailed characteristics of the included studies are summarized in 
Table 1. Of the 42 studies, 19 (45.2 %) were conducted in low and 
middle-income countries (LMICs); nine in China [17,41-48], five in 
India [49-53], two in Thailand [54,55], two in Bangladesh [56,57] and 
one in Brazil [58]. The remaining 23 studies were from high-income 
countries such as Finland, England, Japan, Australia, and the US [26,
59-62]. The majority of the included studies (83.3 %) implemented 
combined dietary and physical activity interventions, and 52.4 % were 
conducted in clinical settings [58].

3.3. Effects of lifestyle interventions

3.3.1. Primary outcomes (CVD risk and CVD events)
The pooled estimate from six studies reported CVD risk as an 

outcome [26,41,49,50,60,63] showed that lifestyle interventions led to 
a reduction in the 10-year predicted CVD risk by 1.91 points (SMD=
-1.91; 95 % CI:-2.89, -0.93, p<0.010) in the intervention groups 
compared to the control groups (See Forest plot in the supplementary 
file 2). Among these studies, four utilized the Framingham Risk Score 
[26,41,49,60] while the other two applied the UK Prospective Diabetes 
Study engine [50] and the Atherosclerotic CVD risk calculator [63], 
respectively. Significant differences in the 10-year predicted CVD risk 
between treatment groups were observed in four studies [26,41,49,50], 
but no significant difference was found in the remaining two studies [60,
63]. The findings from the systematic review showed that the Da Qing 
follow-up study conducted in China demonstrated a significant reduc
tion in CVD events [44]. However, CVD events were not reduced in two 
other studies [62,64]. CVD events were assessed through a review of 
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medical records and death certificates [44,59].

3.3.2. Secondary outcomes (CVD risk factors)
Individuals with prediabetes who participated in lifestyle 

interventions had an average 25 % lower risk of progressing to type 2 
diabetes compared to those who received usual care or minimal inter
vention (RR=0.75; 95 % CI: 0.67, 0.84; P<0.001). Our meta-analysis 
also indicated that lifestyle interventions positively affected various 

Fig. 1. PRISMA flowchart of the study selection.
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Table 1 
Characteristics of the included studies (n=42).

Studies Country Setting Sample size 
(Control/ 
Intervention)

Duration of 
follow-up 
(years)

Age 
(mean) 
in years

Male, 
n (%)

Intervention 
components

Characteristics of the Lifestyle 
Interventions

Aekplakorn et al, 2019 Thailand Primary care 
units

1903 (873/ 
1030)

2 50.8 1195 
(62.8)

Diet, physical activity, 
and motivational skills

Participants in the intervention 
group attended a workshop for 
three days, followed by monthly 
sessions for six months, then 
bimonthly sessions for eighteen 
months, and quarterly sessions 
for the final six months

aDavies et al, 2016 UK Primary care 
setting

880 (433/447) 3 63.9 560 
(63.6)

Diet and physical 
activity

The intervention group 
participated in a 3-h refresher 
session at 12 and 24 months, 
along with a 15-min call every 3 
months.

Diabetes Prevention 
Program (DPP) 
Research Group, 
2002

US Clinic centres 2161 (1082/ 
1079)

2.8 51 680 
(31.5)

Diet and physical 
activity

A 16-lesson behavior 
modification curriculum was 
delivered one-on-one over 24 
weeks, followed by monthly 
individual and group sessions to 
reinforce changes. The program 
was flexible, personalized, and 
culturally sensitive.

aDunbar et al., 2015 Australia Community 
setting

342 (165/177) 1 65 129 
(37.7)

Diet and physical 
activity

30-45 minute individual sessions, 
followed by five 90-min group 
sessions on motivation and risk 
perception

Gong et al., 2019 China clinics 540 (135/405) 30 71 312 
(54.2)

Diet and physical 
activity

Weekly individual and small 
group sessions for one month, 
followed by monthly sessions for 
three months, and then once 
every three months for the 
remainder of the first study.

Hu.,et al 2017 China Community 
setting

434 (220/214) 1 69.5 180 
(41.5)

Diet and physical 
activity

Lifestyle interventions and 
training on fasting glucose 
measurement were provided for 
three months

Katula et al., 2022 UK Medical 
Centre

599 (300/299) 1 55.4 231 
(38.6)

Diet and physical 
activity

An initial 16-week digital 
intensive curriculum focusing on 
weight loss followed by a 36- 
week curriculum on weight 
maintenance

Kosaka et al., 2005 Japan Hospital 458 (356/102) 4 – 458 
(100)

Diet and physical 
activity

Individual lifestyle counseling 
was given at hospital visits every 
3–4 months for four years

DPP Research Group, 
2005

US Clinic centres 2161 (1082/ 
1079)

3.2 54 680 
(31.5)

Diet and physical 
activity

A 16-lesson behavior 
modification curriculum was 
delivered one-on-one over 24 
weeks, followed by monthly 
individual and group sessions to 
reinforce changes. The program 
was flexible, personalized, and 
culturally sensitive.

Li et al., 2019 China clinics 576 (138/438) 20 – 312 
(54.2)

Diet and physical 
activity

Weekly individual and small 
group sessions for one month, 
followed by monthly sessions for 
three months, and then once 
every three months for the 
remainder of the first study.

Lindström et al., 2006, 
Diabetes Prevention 
Study (DPS)

Finland Clinics 522 (257/265) 7 55 172 
(32.9)

Diet and physical 
activity

Lifestyle advice was provided 
every three months. Each 
member of the intervention 
group attended seven sessions in 
the first year, followed by one 
session every three months 
afterward.

aLotfaliany et al., 2020 India Community- 
based

1007 (507/ 
500)

2 46 532 
(52.8)

Diet, physical activity, 
tobacco cessation, and 
reducing alcohol 
consumption and 
ensuring adequate 
sleep

The intervention consisted of 15 
group sessions over 12 months. 
After an introductory session led 
by the research team, local 
experts facilitated two half-day 
sessions on diabetes prevention 
and management, while trained 
peer leaders conducted monthly 
follow-up sessions.

(continued on next page)
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Table 1 (continued )

Studies Country Setting Sample size 
(Control/ 
Intervention) 

Duration of 
follow-up 
(years) 

Age 
(mean) 
in years 

Male, 
n (%) 

Intervention 
components 

Characteristics of the Lifestyle 
Interventions

Goldberg et al., 2022 US Clinic centres 2152 (1073/ 
1079)

21 72 680 
(31.5)

Diet and physical 
activity

A 16-lesson behavior 
modification curriculum was 
delivered one-on-one over 24 
weeks, followed by monthly 
individual and group sessions to 
reinforce changes. The program 
was flexible, personalized, and 
culturally sensitive.

Lindstrom et al, 2003 
(DPS)

Finland Clinics 522 (257/265) 4 55 172 
(32.9)

Diet and physical 
activity

Lifestyle advice was provided 
every three months. Each 
member of the intervention 
group attended seven sessions in 
the first year, followed by one 
session every three months 
afterward.

aMichaud et al., 2023 US Clinics 599 (300/299) 1 55 231 
(38.5)

Diet and physical 
activity

A 16-week intensive curriculum 
on weight loss with weekly 
interactive behavioral change 
lessons followed by a 36-week 
curriculum focusing on weight 
maintenance.

Oldroyd et al., 2001 UK Hospital 67 (32/35) 6 months – 29 
(43.2)

Diet and physical 
activity

Counseling given based on the 
stages of change model

Pan et al., 1997 China Health care 
clinics

576 (138/438) 6 45 312 
(54.2)

Diet and physical 
activity

Weekly individual and small 
group sessions for one month, 
followed by monthly sessions for 
three months, and then once 
every three months for the 
remainder of the first study.

Penn et al., 2009 UK Clinics 102 (51/51) 5 57 41 
(40.2)

Diet and physical 
activity

individual motivational 
interviewing aimed at lifestyle 
modification for up to 5 years

Ramachandran et al., 
2006

India Workplace 269(136/133) 3 46 208 
(77.3)

Diet and physical 
activity

Monthly phone calls provided 
ongoing motivation, and personal 
sessions were held every 6 
months

Ramachandran et al., 
2013

India Workplace 537 (271/266) 2 46 537 
(100)

Diet and physical 
activity

The mobile phone message was 
delivered based on the 
transtheoretical model of 
behavioral change

DPP Research Group, 
2009

US Clinic centres 2161 (1082/ 
1079)

10 55.3 680 
(31.5)

Diet and physical 
activity

A 16-lesson behavior 
modification curriculum was 
delivered one-on-one over 24 
weeks, followed by monthly 
individual and group sessions to 
reinforce changes. The program 
was flexible, personalized, and 
culturally sensitive..

Roumen et al., 2008 Netherland Community 147 (73/74) 3 54 28 
(53.8)

Diet and physical 
activity

Every three months, a skilled 
dietitian provided individualized 
dietary and physical activity 
advice during a 1-h counseling 
session, following a review of a 
three-day food diary

Saito et al., 2011 Japan Hospitals 641 (330/341) 3.2 50 143 
(22.3)

Diet and physical 
activity

lifestyle modification from the 
medical staff 9 times for 36 
months

Lindstrom et al, 2013 
(DPS)

Finland Clinics 522 (257/265) 3 – 172 
(32.9)

Diet and physical 
activity

Lifestyle advice was provided 
every three months. Each 
member of the intervention 
group attended seven sessions in 
the first year, followed by one 
session every three months 
afterward.

Sakane et al., 2011 Japan Primary 
health care

304 (152/152) 3 51 150 
(49.3)

Diet and physical 
activity

In the initial six months, four 
group sessions were held, 
utilizing slides, videotapes, and a 
booklet, each lasting two to 3 h. 
Additionally, individual sessions 
were conducted biannually over 
the three years, lasting 20 to 40 
minutes

Sampson et al., 2021 UK Primary 
health care

1028 (178/ 
424/426)

4 65 645 
(62.7)

Diet and physical 
activity

A theory-based lifestyle 
intervention with 6 core and up 

(continued on next page)
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Table 1 (continued )

Studies Country Setting Sample size 
(Control/ 
Intervention) 

Duration of 
follow-up 
(years) 

Age 
(mean) 
in years 

Male, 
n (%) 

Intervention 
components 

Characteristics of the Lifestyle 
Interventions

to 15 maintenance sessions was 
given

Tuomilehto et al., 2001 
(DPS)

Finland Clinics 522 (257/265) 4 55 172 
(32.9)

Diet and physical 
activity

Lifestyle advice was provided 
every three months. Each 
member of the intervention 
group attended seven sessions in 
the first year, followed by one 
session every three months 
afterward.

Fottrell et al., 2023 Bangladesh Community 2470(832/ 
841/797)

5 – – Diet and physical 
activity

Voice messages about health 
behavior and awareness were 
delivered twice a week for 14 
months. The intervention 
included monthly community 
meetings focused on 
participatory learning and action.

Uusitupa et al., 2009 
(DPS)

Finland Clinics 522 (257/265) 10 55 172 
(32.9)

Diet and physical 
activity

Lifestyle advice was provided 
every three months. Each 
member of the intervention 
group attended seven sessions in 
the first year, followed by one 
session every three months 
afterward..

Vermunt et al., 2012 Netherland Primary care 
setting

925 (446/479) 2.5 – – Diet and physical 
activity

11 individual consultations of 20 
min and group sessions were 
scheduled over 2.5 years

Yeh et al., 2016 US Hospital 60(30/30) 1 57 26 
(43.3)

Diet and Physical 
activity

12 bi-weekly core sessions and six 
monthly follow-up sessions with 
trained lifestyle coaches at a 
community site

Yin et al., 2018 China Hospital and 
community 
centre

184(75/109) 1 52 0 Diet and physical 
activity

12 large-group health education 
and 10 small-group sessions for 
goal setting and evaluation, 
counseling, and social support

Youngwanichsetha 
et al., 2015

Thailand Hospital 170(85/85) 6 months 34 0 Diet and physical 
activity

Advised to follow Southern Thai 
foods and daily 30-min brisk 
walking, and encouraged to 
follow the healthy eating manual 
at least twice a day and 5 days a 
week for 24 weeks

aChen et al., 2021 China Hospital 165 (82/83) 2 60.7 57 
(34.5)

Physical activity alone 60-min aerobic training sessions 
were held three times per week. 
The intervention lasted for two 
years

Dai et al., 2019 China Health service 
centres

172(45/127) 2 59 45 
(26.2)

Physical activity alone Supervised exercise programs 
were completed for 60 minutes 
per day, three non-consecutive 
days per week for 24 months.

Pimentel et al., 2010 Brazil Community 67(43/24) 1 52 25 
(37.3)

Diet alone Participants in the intervention 
group received individual and 
group counseling to improve diet 
quality by increasing their intake 
of vegetables, fruits, and whole 
grains, and reducing saturated 
fats

Fottrell et al., 2019 Bangladesh Community 2470(832/ 
841/797)

2 – – Diet and physical 
activity

Voice messages about health 
behavior and awareness were 
delivered twice a week for 14 
months. The intervention 
included monthly community 
meetings focused on 
participatory learning and action.

Thankappan et al., 
2018

India Community 1007 (507/ 
500)

2 46 475 
(47.2)

Lifestyle modification The intervention consisted of 15 
group sessions over 12 months. 
After an introductory session led 
by the research team, local 
experts facilitated two half-day 
sessions on diabetes prevention 
and management, while trained 
peer leaders conducted monthly 
follow-up sessions.

Kawahara et al., 2008 Japan Health 
centres/ 
Hospitals

426(142/143/ 
141)

3 51.4 199 
(46.7)

Diet, physical activity, 
and behavior 
modification

The short-term hospitalization 
group received a nine-lesson 
curriculum on behavior 

(continued on next page)
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clinical and biochemical secondary outcomes. The details of the meta- 
analysis results for the secondary outcomes are presented in Table 2, 
with corresponding forest plots available in Supplementary File 2.

3.3.2.1. Behavioral and psychosocial risk factors. In this systematic re
view, we found that six studies [45,59,65-68] showed a significant in
crease in physical activity among the intervention groups compared to 
the control groups, while two studies reported a non-significant increase 
[53,59]. Six studies [15,59,60,65,67,68] reported that a decrease in the 
intake of saturated fats and high-calorie consumption in the intervention 
groups, while five studies [15,26,43,48,51] reported an increase in the 
consumption of fruits, vegetables, and fiber. Three studies [43,51,68] 
highlighted a reduction in alcohol consumption among the intervention 
groups. Although two studies [46,49] reported on smoking, neither 
study found a significant difference between the treatment groups. 
Lastly, only one study [60] reported on psychosocial risk factors, 
reporting a reduction in both depression and anxiety in the intervention 
group; however, a reduction in depression was not statistically 
significant.

3.3.2.2. Comparing the effects of the interventions based on follow-up 
time. In studies that reported CVD risk as an outcome, all were catego
rized as having short- to mid-term follow-ups. A significant reduction in 
CVD risk, up to 2.23 %, was observed in the intervention groups in four 
of the studies [26,41,49,50] while no significant effect was found in the 
remaining two studies [60,63]. Additionally, the incidence of type 2 
diabetes decreased significantly in studies with short and medium-term 
follow-ups, with reductions of up to 58 % reported in trials such as the 
US DPP and the Finnish DPS [14,16]. However, the effectiveness of the 
intervention declined in long-term follow-ups compared to the short- 
and medium-term follow-ups. A similar trend was observed for clinical 
outcomes such as weight, waist circumference, and blood pressure, as 
well as biochemical markers like glycemic control and lipid profiles. 
Furthermore, behavioral outcomes, including diet, physical activity, 
smoking cessation, and alcohol consumption, showed greater improve
ments in studies with short- and medium-term follow-ups compared to 
those with long-term follow-ups.

3.3.2.3. Comparison of digital interventions and health practitioner- 
delivered interventions. Out of 42 studies, a total of five studies 

reported using digital interventions [46,53,56,63,69]. Among the six 
studies that reported CVD risk as an outcome, five studies delivered their 
intervention through health practitioners. Of these, three studies re
ported a reduction in CVD risk, while only one study that employed a 
digital intervention did not achieve a reduction in CVD risk [63]. 
Additionally, of the four digital interventional studies that evaluated the 
incidence of type 2 diabetes, only one study showed a reduction in the 
incidence of this condition [53]. Most effective diabetes prevention 
programs, including the US DPP and the Finnish DPS, primarily utilized 
face-to-face interactions or health practitioner-led approaches to suc
cessfully reduce the incidence of type 2 diabetes and other car
diometabolic risk factors.

3.3.2.4. Quality of the studies. The assessment using the ROB2 tool 
revealed that 62 % of the included studies were classified as low risk, 24 
% had some concerns, and 14 % were categorized as high risk. A sum
mary of the risk of bias for the included studies is presented in Fig. 2.

3.4. Certainty of the evidence

The GRADE assessment results indicated that most of the included 
studies (73 %) presented evidence with either very low or low certainty 
regarding the analyzed outcomes. Fig. 3 shows the summary of the 
GRADE assessment for the outcomes of this review.

3.5. Publication bias

Publication bias was evaluated for the outcomes included in this 
review that had more than 10 studies. Evidence of publication bias was 
found for the outcome of incidence of type 2 diabetes, as indicated by an 
asymmetrical funnel plot, which was supported by Egger’s test (P =
0.001) (Supplementary file 3). In contrast, no signs of publication bias 
were detected for the other outcomes (weight, BMI, 2-h plasma glucose, 
and fasting plasma glucose), based on the funnel plots and their corre
sponding results from Egger’s test (Supplementary file 3).

4. Discussion

In this systematic review and meta-analysis of 42 studies, we found 
that lifestyle interventions significantly reduced the 10-year predicted 

Table 1 (continued )

Studies Country Setting Sample size 
(Control/ 
Intervention) 

Duration of 
follow-up 
(years) 

Age 
(mean) 
in years 

Male, 
n (%) 

Intervention 
components 

Characteristics of the Lifestyle 
Interventions

modification. The diabetes 
education and support group 
received written information and 
periodic 20- to 30-min individual 
sessions.

aLipscomb et al., 2009 India Health 
facilities

92 (46/46) 1 56.7 40 
(44)

Diet and physical 
activity

16 classroom meetings focused 
on goal setting, self-monitoring, 
and problem-solving were 
conducted. Each session lasted 
between 60 and 90 minutes and 
was delivered over a span of 16 to 
20 weeks.

Xu et al., 2013 China Community 
centre

88 (42/46) 1 58 42 
(47.7)

Diet and physical 
activity

A daily meal replacement and 
intensive lifestyle intervention 
were provided during the first 3 
months, followed by monthly 
follow-up sessions

Wong et al., 2013 China – 104 (50/54) 2 55 97 
(93.2)

Diet and Physical 
activity

In the first 3 months, text 
messages were sent three times 
per week; in the next 3 months, 
once per week; and in the 
following 6 and 12 months, once 
per month

a Studies include CVD risk as an outcome.
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CVD risk and improved associated risk factors. These risk factors 
included the incidence of type 2 diabetes, anthropometric indices 
(weight and waist circumference), glycaemic control (2-hr plasma 
glucose and HbA1c), blood pressure, triglycerides, and HDL-cholesterol. 
These benefits were primarily observed during the short and mid-term 
follow-up periods, compared to the long-term follow-up periods. How
ever, it is important to interpret these results with caution due to the 
high level of heterogeneity among the studies. For this analysis, we 
included all the eligible studies, but the heterogeneity that we found in 
our analysis may be due to the inclusion of studies that used either the 
WHO or the ADA criteria, with different cut-off points used to identify 
individuals with prediabetes.

The reduction in absolute CVD risk with lifestyle interventions 
among individuals with prediabetes in this review aligns with findings 
from previous systematic reviews and meta-analyses conducted among 
individuals at risk of CVD or those without CVD at baseline in other 
study populations [70,71]. Lifestyle changes, including increased 
physical activity and dietary adjustments, improve insulin sensitivity 
and help reduce chronic hyperglycemia, a risk factor for atherosclerosis, 
CVD, and prediabetes [72]. Moreover, lifestyle interventions effectively 
lower CVD risk by addressing multiple behavioral factors [73]. For 
example, reducing saturated fat intake decreases LDL cholesterol levels, 
whereas limiting alcohol consumption helps regulate blood pressure and 
maintain a healthy heart rhythm [74]. Furthermore, increasing physical 

activity improves cardiac function, circulation, and metabolism, which 
in turn lowers the risk of obesity and type 2 diabetes [75]. A diet rich in 
fruits and vegetables provides essential nutrients and antioxidants that 
combat inflammation and improve vascular health [76]. Collectively, 
these changes contribute to lowering modifiable CVD risk factors such as 
hypertension, hyperlipidemia, and insulin resistance, establishing life
style interventions as a fundamental aspect of CVD prevention and risk 
reduction [77,78].

Our meta-analysis demonstrates that lifestyle intervention in the 
intervention groups reduced the progression to type 2 diabetes by 25 %. 
Additionally, these interventions led to improvements in various car
diometabolic indicators, including reductions in weight and waist 
circumference, better glycaemic control (2-hr plasma glucose and 
HbA1c), lowered blood pressure, reduced triglycerides, and increased 
HDL-cholesterol. These findings are consistent with findings from a 
previous systematic review and meta-analysis [79]. Landmark studies, 
such as the US DPP, Finnish DPS, and the Da Qing study in China, 
confirm that key interventions, including dietary changes, increased 
physical activity, and behavioral counseling, not only delay the onset of 
diabetes but also improve weight management and overall car
diometabolic health [14,16,80].

Our findings indicate that the effectiveness of lifestyle interventions 
tends to decrease over time. Most significant benefits are seen in short- 
and medium-term follow-ups compared to long-term follow-ups. This 
trend is evident across various cardiometabolic outcomes, including the 
reduction of CVD risk, the incidence of type 2 diabetes, and clinical 
measures such as weight, waist circumference, and blood pressure. 
Additionally, biochemical markers like glycemic control and lipid pro
files, as well as behavioral factors including diet, physical activity, 
smoking cessation, and alcohol reduction, also show this trend. Estab
lished diabetes prevention programs, such as the US DPP and Finnish 
DPS, have demonstrated that intensive intervention efforts lead to 
considerable early benefits [14,16]. The lack of sustained improvements 
in long-term follow-ups highlights the challenge of maintaining the ef
fects of lifestyle interventions over extended periods. These findings 
emphasize the importance of ongoing support strategies, including 
reinforcement programs and behavioral maintenance interventions, to 
enhance long-term adherence and sustain health benefits.

Due to a limited number of studies (three) and differences in mea
surement methods, we did not conduct a meta-analysis to assess the 
effects of lifestyle interventions on CVD events and behavioral CVD risk 
factors. However, our narrative synthesis in this systematic review in
dicates uncertainty regarding the effectiveness of lifestyle interventions 
in reducing CVD events among individuals with prediabetes. One of the 
included studies, the Da Qing study in China, reported a 6.1 % reduction 
in CVD events in the intervention group [44], suggesting a potential 
protective effect of lifestyle modifications on the reduction of CVD 
events. In contrast, other significant follow-up studies, such as the US 
DPP (2022) and the Finnish DPS (2021), found no significant difference 
in CVD event rates between the intervention and control groups [62,64]. 
The inconsistency in findings may be attributed to variations in partic
ipant characteristics, adherence to interventions, differences in inter
vention approaches, and healthcare settings. Additionally, while 
lifestyle interventions are well-established for improving car
diometabolic risk factors such as weight, blood glucose, and lipid pro
files, their effectiveness in reducing CVD events remains unclear 
possibly due to the multifactorial nature of CVD development or because 
the risk factor changes observed in studies of short and medium duration 
are not sustained in the long term [81,82].

Our systematic review narrative synthesis also revealed that lifestyle 
interventions positively impacted behavioral CVD risk factors. These 
interventions reduced saturated fat intake and alcohol consumption 
while promoting increased physical activity and higher consumption of 
fruits and vegetables among the participants. This finding aligns with 
results from other systematic reviews [18,19]. Lifestyle interventions 
employ diverse strategies to effectively modify behavioral CVD risk 

Table 2 
Results of meta-analysis for the secondary outcomes.

SN Outcomes Number 
of studies 
included

Effect 
measure

Estimate 
(SMD/RR 
(95 % CI)

I2 

(%)
P value

1 Incidence of 
type 2 diabetes

18 RR 0.75 
(0.67, 
0.84)

71.9 <0.001a

2 Weight (kg) 20 SMD − 0.38 
(-0.54, 
-0.22)

91.4 <0.001a

3 BMI 12 SMD − 0.08 
(-0.31, 
0.14)

93.9 0.480

4 Waist 
circumference 
(cm)

8 SMD − 0.35 
(-0.53, 
-0.17)

86.3 <0.001a

5 2hr plasma 
glucose

11 SMD − 0.22 
(-0.36, 
-0.09)

71.2 <0.001a

6 Fasting plasma 
glucose

16 SMD − 0.12 
(-0.48, 
-0.23)

97.6 0.490

7 HbA1c 6 SMD − 0.49 
(-0.88, 
-0.10)

91.9 0.010a

8 Systolic blood 
pressure 
(mmHg)

8 SMD − 0.13 
(-0.2, 
-0.06)

45.9 <0.001a

9 Diastolic blood 
pressure 
(mmHg)

8 SMD − 0.14 
(-0.2, 
-0.07)

22.9 <0.001a

10 Total 
cholesterol

8 SMD − 0.06 
(-0.18, 
-0.07)

63.4 0.370

11 HDL- 
cholesterol

5 SMD 0.16 
(0.05, 
0.28)

0.0 <0.001a

12 LDL-cholesterol 7 SMD − 0.05 
(-0.17, 
0.07)

53.1 0.370

13 Triglycerides 8 SMD − 0.26 
(-0.45, 
-0.07)

89.0 0.010a

a Statistically significant (P<0.05) SMD- Standardized Mean Difference, RR- 
Relative Risk, HDL- High-Density Lipoprotein, LDL- Low-Density Lipoprotein, 
HbA1c- Hemoglobin A1c.
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Fig. 2. Summary of risk of bias: Review authors’ judgments for included studies.
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Fig. 3. Summary of GRADE for the outcomes of the included studies.
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factors [83]. Nutritional interventions, such as dietary counseling, 
healthy meal planning, and portion control, help participants reduce 
their saturated fat intake and increase their consumption of fruits and 
vegetables [83]. Additionally, promoting physical activity through 
structured exercise programs, community-based activities, and reducing 
sedentary behavior improves cardiovascular fitness, circulation, and 
weight management [84]. Furthermore, awareness campaigns, peer-led 
support programs, motivational interviewing, and behavioral and psy
chological support reinforce long-term adherence to these lifestyle 
changes [85-87].

4.1. Implications of the study

The findings from this systematic review and meta-analysis empha
size the importance of prioritizing lifestyle interventions, such as a 
healthy diet and increased physical activity, to reduce CVD risk and CVD 
risk factors in individuals with prediabetes. However, there is still un
certainty regarding the effectiveness of these interventions in lowering 
the incidence of CVD events within this population. Additionally, the 
GRADE assessment indicates that more well-designed and rigorous 
research is needed to enhance the reliability of the evidence and reach a 
more definitive conclusion. Therefore, further evaluation through 
extended follow-up studies is essential to assess the impact of lifestyle 
interventions on CVD events and risk factors among individuals with 
prediabetes.

4.2. Strengths and limitations

To the best of our knowledge, this review is the most comprehensive 
examination of how lifestyle interventions impact CVD risk and CVD risk 
factors among individuals with prediabetes. As such, it can provide 
valuable insights for policy changes, particularly in LMICs. A notable 
strength of this study is its focus on RCTs, which enhances the reliability 
of the intervention programs’ effectiveness. However, there are still 
some limitations to consider. Firstly, our search was confined to studies 
published in English, which may have led us to overlook relevant studies 
available in other languages. As meta-analysis was not conducted for 
CVD event outcomes due to the limited number of eligible studies, and 
for behavioral risk factors due to variations in outcome definitions and 
measurement methods, the conclusions of the meta-analysis and the 
overall generalizability of our findings may have been affected.

5. Conclusion

This systematic review and meta-analysis demonstrate that lifestyle 
interventions can effectively reduce the risk of CVD and related factors 
in individuals with prediabetes. However, the long-term effectiveness of 
these interventions in decreasing the incidence of type 2 diabetes may 
diminish over time, and their impact on reducing CVD events remains 
uncertain.
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