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Abstract

Background:

Metabolic syndrome (MetS) is a growing global health challenge strongly associated with increased risks of type 2
diabetes and cardiovascular diseases. Primary care plays a pivotal role in delivering preventive lifestyle
interventions targeting modifiable risk factors.

Objective:

This systematic review aimed to synthesize contemporary evidence on the effectiveness of lifestyle interventions—
focusing on diet, physical activity, and behavior change—delivered within primary care settings to prevent or
reverse MetS in at-risk adults.

Methods:

A systematic review was conducted according to PRISMA 2020 guidelines. Databases searched included PubMed,
Scopus, Web of Science, Embase, and Google Scholar. Eligible studies were randomized controlled trials, cluster-
RCTs, community trials, or systematic reviews/meta-analyses published in English from 2000 to 2025. Data
extraction and risk-of-bias assessment were performed by independent reviewers.

Results:

Fifteen studies met inclusion criteria, comprising diverse populations and intervention formats. Findings
consistently showed that structured lifestyle interventions reduced MetS incidence by 20-69% compared to usual
care. Significant improvements were observed in weight, waist circumference, blood pressure, glucose, and dietary
quality. Successful programs often used multi-component strategies, cultural tailoring, and group support.
Conclusion:

Lifestyle interventions delivered in primary care are effective, feasible, and cost-effective for preventing MetS.
Embedding structured behavioral support and culturally adapted approaches can enhance implementation and
sustainability.

Keywords Metabolic syndrome; lifestyle intervention; primary care; prevention; diet; physical activity; behavior
change; systematic review

Introduction MetS is increasing in both developed and developing
Metabolic syndrome (MetS) is a growing public countries due to urbanization, sedentary lifestyles,
health concern worldwide, characterized by a and changes in dietary patterns (Scott, 2003). Given
clustering of risk factors including abdominal its association with cardiovascular diseases and type
obesity, dyslipidemia, hypertension, and insulin 2 diabetes mellitus, early prevention through

resistance (Neeland et al,, 2024). The prevalence of
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modifiable lifestyle factors is now a global priority
(Yamaoka & Tango, 2012).

Primary care providers play a pivotal role in
addressing MetS, as they are often the first point of
contact for individuals at risk (Kuninkaanniemi et al.,
2011). Recent evidence highlights the effectiveness
of brief behavioral counseling and continuous
monitoring in general practice settings (Assadi et al,,
2022). The World Health Organization and various
national guidelines advocate for comprehensive
lifestyle interventions—including diet, physical
activity, and behavior modification—as first-line
strategies to mitigate MetS risk (Prendergast et al,,
2019).

Evidence shows that even short-term lifestyle
modifications can lead to significant improvements
in MetS indicators. For example, Bihan et al. (2009)
demonstrated that a 3-month program in
collaboration with general practitioners led to
measurable reductions in waist circumference and
fasting glucose levels. Similarly, Nakao et al. (2018)
reported that a nationwide Japanese program
focusing on abdominal obesity achieved significant
reductions in waist circumference and triglyceride
levels through structured coaching.

Despite robust evidence supporting the benefits of
lifestyle interventions, their implementation in
routine primary care remains inconsistent
(Patterson et al, 2020). Factors such as time
constraints, lack of training, and limited resources
can hinder the delivery of effective counseling.
However, studies suggest that tailored interventions
and integration into routine workflows can overcome
many of these barriers (Brauer et al,, 2019).
Group-based programs, when adapted to local
contexts, have also shown promise. A community-
based study in Kenya demonstrated that lifestyle
coaching significantly reduced the prevalence of
MetS and improved blood lipid profiles among
participants (Okube et al., 2022). These findings
underscore the importance of culturally relevant,
accessible interventions in diverse settings.

The benefits of such programs are not limited to
individual health outcomes; they can yield
substantial cost savings for health systems by
preventing costly complications like diabetes and
cardiovascular disease (Kim et al, 2016).
Importantly, these interventions align with the
growing emphasis on preventive medicine within
primary care frameworks worldwide (Guzman et al.,
2020).

As the burden of MetS continues to rise, there is an
urgent need for high-quality evidence syntheses that
guide policy and practice. This systematic review
aims to examine the effectiveness of lifestyle
interventions delivered through primary care in
preventing MetS, addressing gaps in implementation
and highlighting best practices for future programs.
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Methodology

Study Design

This study employed a systematic review
methodology, adhering to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines to ensure transparent,
rigorous, and replicable reporting. The aim was to
synthesize current empirical evidence on the
effectiveness of lifestyle interventions in preventing
the onset and progression of metabolic syndrome
(MetS) within primary care settings. The review
focused on peer-reviewed journal articles involving
adult human populations and provided quantitative
or qualitative findings related to modifiable lifestyle
strategies including diet, physical activity, and
behavioral counseling.

Eligibility Criteria

Studies were included based on the following pre-

specified criteria:

e Population: Adults (=218 years) at risk of
developing metabolic syndrome or presenting
early metabolic risk factors (e.g., overweight,
impaired fasting glucose, prediabetes) recruited
through primary care or community-based
health programs.

e Interventions: Structured lifestyle
interventions targeting diet modification,
physical activity enhancement, behavior change
support, or comprehensive multi-component
strategies.

e Comparators: Usual care, standard health
advice, or no structured intervention.

e Outcomes: Primary outcomes included
incidence or remission of metabolic syndrome,
as defined by established clinical criteria (e.g.,
ATP 111, IDF). Secondary outcomes included
changes in metabolic markers (waist
circumference, blood pressure, fasting glucose,
triglycerides, HDL-C), weight loss, and adherence
indicators.

e Study Designs: Randomized controlled trials
(RCTs), cluster-RCTs, quasi-experimental
studies, community intervention studies, and
systematic reviews/meta-analyses synthesizing
primary studies.

e Language: Only articles published in English
were included.

e Publication Period: Studies published from
January 2000 to May 2025 were considered to
ensure the inclusion of contemporary, evidence-
based interventions.

Search Strategy

A structured search was conducted in the following
electronic databases: PubMed, Scopus, Web of
Science, Embase, and Google Scholar for grey
literature. The search strategy combined Medical
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Subject Headings (MeSH) and free-text terms using
Boolean operators. The primary search string
included combinations of:

e (“metabolic syndrome” OR “MetS” OR
“cardiometabolic risk”)

e AND (“lifestyle intervention” OR “behavior
change” OR “diet” OR “physical activity” OR
“exercise” OR “weight management”)

e AND (“primary care” OR “family practice” OR
“general practice” OR “community health”)

Manual searches of reference lists from relevant
systematic reviews and key primary articles were
conducted to identify additional studies not captured
by the electronic search.

Study Selection Process

All identified citations were imported into Zotero,
and duplicates were removed automatically and
manually checked. Titles and abstracts were
independently screened by two reviewers blinded to
each other’s decisions. The full texts of potentially
eligible articles were retrieved and assessed against
the inclusion criteria. Disagreements at any stage
were resolved through discussion and, if necessary,
consultation with a third reviewer to reach
consensus. A final sample of 15 studies was included
in this review.

Data Extraction

A standardized data extraction form was designed

and piloted. The following details were

systematically extracted from each included study:

e Author(s), publication year, and country

e Study design and total sample size

e Participant demographics (mean age, gender
distribution)

e Description of the intervention (type, duration,
delivery mode)

e Comparators used

e QOutcomes measured (e.g, MetS incidence,
weight change)
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e Main findings with effect sizes (e.g, risk
reductions, mean differences)

e Statistical adjustments for confounders and
covariates

Data extraction was performed by two reviewers
independently, with extracted data cross-checked by
a third reviewer for accuracy and consistency.

Quality Assessment

The methodological quality and risk of bias of each
included study were assessed using validated tools
appropriate for study design:

Cochrane Risk of Bias Tool for randomized

controlled trials

e Newcastle-Ottawa Scale (NOS) for
observational cohort and quasi-experimental
studies

e AMSTAR 2 for systematic reviews and meta-
analyses

Studies were rated as high, moderate, or low
quality, based on criteria including random
sequence generation, allocation concealment,
blinding, comparability of groups, follow-up
completeness, and outcome measurement validity.

Data Synthesis

Given the diversity in intervention types,
populations, and outcome measures across studies, a
narrative synthesis approach was employed. The
findings were summarized by key themes, such as
type of intervention, duration, adherence rates, and
observed effect sizes on metabolic syndrome risk and
related parameters. Where reported, relative risk
(RR), odds ratios (OR), or mean differences were
included to quantify impact. A formal meta-analysis
was not feasible due to significant heterogeneity in
study designs and outcome definitions.
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Figure 1. PRISMA Flow Diagram
A PRISMA flow diagram summarizing the search, screening, eligibility, and inclusion process is provided to illustrate
the study selection pathway.

Ethical Considerations

This study represents a secondary synthesis of
published data and did not involve direct interaction
with human participants; thus, no institutional
ethical approval or informed consent was required.
All included studies were assumed to have received
ethical clearance from appropriate boards as a
prerequisite for publication in peer-reviewed
journals.

Results
Summary and Interpretation of Included Studies

on Lifestyle Interventions for Preventing
Metabolic Syndrome

1. Study Designs and Populations

The included studies comprise randomized

controlled trials (RCTs), cluster-RCTs, pragmatic
community trials, and high-quality meta-analyses
that evaluated lifestyle modification programs for
preventing or reversing metabolic syndrome (MetS)
in primary care and community settings. Examples
include the FIN-D2D large-scale Finnish program
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(Peltonen et al, 2021) and the Iranian Isfahan
Healthy Heart Program (Khalili et al,, 2019). Sample
sizes varied widely — from small controlled pilots
(e.g., Brauer et al,, 2019, n = 305) to large national or
multicenter trials (e.g., Peltonen et al, 2021, n =
10,149). Participants were typically middle-aged
adults (mean age 45-55 years) at high risk for MetS
due to overweight, obesity, prediabetes, or sedentary
lifestyle.

2. Lifestyle Intervention Strategies

Most programs combined multiple lifestyle
strategies: structured dietary counseling, increased
physical activity, and behavioral or motivational
support — all adapted for delivery in primary care or
local community clinics. For instance, the E-LITE
study (Ma et al, 2009) delivered individualized
coaching for diet and exercise in a primary care
practice, achieving an average weight loss of 5.2%
over 12 months. Some interventions, like Bo et al.
(2007), used nurse-led counseling with written
action plans, while others, such as the DPS follow-up
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(Laaksonen et al, 2008), emphasized long-term
adherence through continuous group support.

3. Effectiveness Outcomes and Key Findings
Across the included studies, lifestyle interventions
consistently produced measurable improvements in
metabolic risk factors. Risk reduction for developing
MetS or type 2 diabetes ranged from 25% to 69%
depending on the program’s intensity and length
(e.g., FIN-D2D: 69% risk reduction after one year
[Peltonen etal., 2021]; Khalili et al., 2019: 25% lower
MetS prevalence at 8-year follow-up). Mean weight
loss among intervention groups ranged from 2.5% to
7% of baseline weight (e.g., Ma et al, 2013: 5.4 kg
loss). Blood pressure improvements were also
common, with average reductions in systolic BP of 5-
8 mmHg (Iurciuc et al., 2011). Studies that included
dietary quality assessments (Brauer et al, 2019)
found significant improvements in fiber intake
(+12%) and healthier nutrient profiles.
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4. Adherence and Implementation in Primary
Care

Adherence and feasibility in real-world settings
varied. Some interventions used group-based
formats to enhance social support (e.g, Gomez-
Huelgas et al, 2015), while others applied
motivational interviewing or personalized goal-
setting (Ard etal., 2007; Ma etal., 2013). For example,
in the PREMIER trial (Ard et al., 2007), adherence to
recommended diet and activity changes resulted in
significant blood pressure reductions (mean systolic
BP | 7 mmHg). On average, session attendance in
structured programs ranged from 65% to 85% of
planned contacts.

5. Summary of Effect Estimates

Meta-analyses included (Yamaoka & Tango, 2012;
Chan et al, 2024) confirm that well-structured
lifestyle interventions in primary care settings
produce a pooled relative risk reduction of about 20-
30% for MetS incidence (Yamaoka & Tango, 2012:
pooled RR 0.80; Chan et al., 2024: pooled OR 0.72).
Weight loss remains the strongest modifiable
mediator, with an estimated 7-8% decrease in MetS
risk per kilogram lost (Laaksonen et al., 2008).

Table 1. General Characteristics of Included Studies

Study Country | Design N Mean Key Duration | Main Result

Age Intervention Outcomes
Iurciuc et al. | Romania | RCT 220 52 Diet + PA | 12 mo BP, weight, | {SBP 8 mmHg,
(2011) counseling glucose lweight 5.1%
Peltonen et al. | Finland Pragmatic 10,149 | 54 FIN-D2D lyr T2DM RR 169%
(2021) Program prevention
Ma etal. (2009) USA RCT 241 50 E-LITE: diet/PA | 12 mo weight, glucose | lweight 5.2%
Chan et al. | HK Systematic 37 - Meta-analysis - MetS Pooled OR 0.72
(2024) Review RCTs prevention
Khalili et al | Iran Community 2,102 48 Lifestyle 8 yrs MetS risk IMetS by 25%
(2019) RCT education
Feldman et al. | Sweden Cost- 850 53 GP counseling lyr Risk cost | €520 per pt
(2013) effectiveness savings saved
Maetal. (2013) USA Cluster RCT 241 49 DPP adapted 15 mo Weight loss 154 kg mean

loss
Bo etal. (2007) Italy RCT 160 51 GP-based 12 mo MetsS reversal 38% remission
coaching
Brauer et al. | Canada Cluster RCT 305 52 Personalized 12 mo Nutrient Tfiber  intake
(2019) diet quality 12%
Laaksonen et al. | Finland DPS follow-up | 522 55 DPS cohort 5yrs Predictors Each kg lost =
(2008) 8% RR{
Ard etal. (2007) | USA RCT 810 50 PREMIER 6 mo BP, weight IBP 7 mmHg
Yamaoka & | Japan Meta-analysis 12 - Diet + PA - MetS Overall RR 0.80
Tango (2012) RCTs
Watanabe et al. | Japan RCT 346 51 PSMetS 12 mo MetS factors lwaist 2.1 cm
(2017)
Gomez-Huelgas Spain RCT 687 52 Med Diet + PA 3yrs MetS reversal 27% remission
etal. (2015)
Whitlock et al. | USA Systematic 22 - Primary care - Obesity/metS Weight | 2.8 kg
(2011) RCTs
Discussion synthesis of these studies highlights not only the

This systematic review reaffirms the substantial
evidence supporting lifestyle interventions as an
effective strategy for preventing metabolic syndrome
(MetS) when delivered through primary care. The

physiological benefits—such as reductions in waist
circumference, blood pressure, fasting glucose, and
triglycerides—but  also  the feasibility  of
implementing such interventions at scale (Iurciuc et
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al, 2011; Ma et al., 2009). Consistently, the included
trials and community-based programs demonstrate
that multi-component interventions—targeting diet,
physical activity, and behavioral support—can
achieve relative risk reductions of 20-69% in MetS
incidence (Peltonen et al., 2021; Khalili et al., 2019).
A notable finding is the long-term sustainability of
these effects. The FIN-D2D project in Finland
(Peltonen et al., 2021) and the Iranian community
trial (Khalili et al., 2019) demonstrate that lifestyle
changes embedded in primary care workflows can
maintain weight loss and metabolic improvements
for several years. Such durability contrasts with
typical weight loss interventions that often see
participants regain weight once structured support
ends (Whitlock et al,, 2011). This suggests that when
primary care teams are actively engaged, patients
benefit from ongoing reinforcement and
accountability (Kuninkaanniemi et al., 2011).
Cost-effectiveness is also crucial for policymakers.
Feldman et al. (2013) reported that lifestyle
counseling for MetS was cost-effective across
heterogeneous populations, supporting widespread
integration into public health systems. Likewise, Kim
et al. (2016) estimated substantial cost savings by
reducing downstream complications such as
diabetes mellitus and cardiovascular events. These
economic benefits strengthen the argument for
investing in prevention rather than focusing solely on
disease treatment.

The evidence further reveals that intervention
format and cultural adaptation play a significant role
in effectiveness. Programs that are tailored to the
local context—such as the Japanese nationwide
program focusing on abdominal obesity (Nakao et al,,
2018)—achieved significant improvements in waist
circumference and triglyceride levels through
customized coaching. Similarly, group-based
programs that foster social support can boost
adherence and enhance outcomes (Bo et al., 2007;
Gomez-Huelgas et al, 2015). These findings align
with broader public health recommendations
encouraging culturally relevant and community-
embedded health promotion (Prendergast & Peiris,
2019).

Despite this robust evidence, implementation gaps
persist. Patterson et al. (2020) highlighted that
primary care providers often cite time constraints,
inadequate training, and competing clinical demands
as barriers to delivering consistent lifestyle
counseling. This underscores the need for practical
solutions such as integrated care teams, decision-
support tools, and incentivized frameworks to
embed prevention into daily practice (Scott, 2003).
Additionally, Assadi et al. (2022) emphasize the role
of early-life and lifelong lifestyle promotion to
address MetS before it develops.
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Diet quality improvements were also evident across
several studies. Brauer et al. (2019) found that
personalized interventions in primary care increased
fiber intake by 12%, a change linked with better
glycemic control and lower cardiovascular risk.
These findings are consistent with meta-analyses by
Yamaoka and Tango (2012) and Chan et al. (2024),
which confirm that diet-focused interventions
contribute significantly to MetS risk reduction when
combined with physical activity.

Behavior change remains the linchpin of effective
interventions. Studies like Ard et al. (2007) and Ma et
al. (2013) demonstrate that structured counseling,
motivational interviewing, and regular follow-up can
drive significant lifestyle improvements. However,
Bihan et al. (2009) argue that even short-duration
programs embedded in GP settings can deliver
measurable benefits if properly designed and
supported. This points to the need for flexible,
scalable models that can adapt to local resource
constraints while maintaining core elements of
intensive lifestyle support.

Emerging evidence suggests that targeting high-risk
individuals in the community, especially those with
prediabetes or early metabolic risk factors, may yield
the greatest preventive gains (Neeland et al,, 2024;
Laaksonen et al., 2008). Moreover, recent work by
Guzman et al. (2020) and Watanabe et al. (2017)
shows that combining dietary changes with
structured physical activity consistently delivers
stronger and more sustained risk reduction than
either component alone.

Finally, the growing burden of MetS worldwide calls
for a shift in healthcare priorities. As Nakao et al.
(2018) and Prendergast and Peiris (2019) highlight,
comprehensive, multi-sectoral approaches are
needed to bridge the gap between evidence and
practice. Policymakers, practitioners, and
community stakeholders must collaborate to expand
access to proven interventions and ensure they reach
underserved populations. This systematic review
reinforces that investing in preventive strategies
through primary care is not just feasible—it is
imperative for curbing the rising tide of
cardiometabolic diseases.

Conclusion

This systematic review confirms that multi-
component lifestyle interventions targeting diet,
physical activity, and behavioral support can
significantly reduce the risk and prevalence of
metabolic syndrome when implemented through
primary care. Programs that integrate personalized
counseling, group support, and culturally relevant
materials show the strongest impact and adherence
rates.

To maximize public health benefits, future strategies
should prioritize scaling up these proven models

Doi: 10.69980/ajpr:v28i5.662

1548-7776 Vol. 28 No. 5 (2025) September 1364/8


https://ajprui.com/index.php/ajpr/index

Maha amer almuraisel

American Journal of Psychiatric Rehabilitation

while addressing barriers such as time constraints
and resource limitations in primary care practice.
Aligning policy and clinical practice with robust

preventive approaches is essential to curb the rising .
global burden of MetS.

Limitations

While this review provides a comprehensive
synthesis of recent evidence, it has several °

limitations. First, the included studies vary in design,
duration, and intervention intensity, introducing
heterogeneity that precludes formal meta-analysis.

Second, most studies relied on self-reported
measures for diet and physical activity, which may .
introduce bias. Third, although multiple databases

were searched, some relevant grey literature or non-

English studies may have been missed.
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