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interventions in managing metabolic syndrome among obese individuals
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Methods: This prospective cohort study enrolled 490 obese adults
(BMI >30 kg/m?) with metabolic syndrome across three tertiary care
centers. Participants were allocated to either lifestyle modification
(n=245) or pharmacological intervention (n=245) groups. The lifestyle
modification group received structured dietary counseling, supervised
exercise programs, and behavioral support, while the pharmacological
group received standardized medication regimens including metformin,
antihypertensives, and statins. Primary outcomes included changes in
body weight, waist circumference, blood pressure, and metabolic
parameters. Secondary outcomes encompassed treatment adherence,
quality of life, cost-effectiveness, and adverse events.
Results: At 24 months, the lifestyle modification group demonstrated
superior outcomes in weight reduction (-8.4 £ 4.2 kg vs. -6.1 + 3.8 kg,
p=0.008) and waist circumference reduction (-7.8 £ 3.9 cm vs. -5.4 £
3.6 cm, p=0.006). The pharmacological intervention group showed
greater improvements in blood pressure (systolic: -14.8 £ 8.9 vs. -12.3 £
8.4 mmHg, p=0.042) and glycemic control (HbAlc: -0.7 £ 0.4% vs. -
0.5 £ 0.3%, p=0.018). Treatment adherence was higher in the
pharmacological group (83.2% vs. 68.9% at 24 months, p=0.002). The
lifestyle modification group demonstrated better cost-effectiveness
(ICER: $2,834 vs. $4,256 per QALY gained) but higher dropout rates.
Adverse events were more frequent in the pharmacological group
(32.4% vs. 18.7%, p<0.001) but were predominantly mild to moderate
in severity.
Conclusions: Both interventions demonstrated distinct advantages in
managing different aspects of metabolic syndrome. Lifestyle
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modifications showed superior outcomes in anthropometric measures
and cost-effectiveness, while pharmacological interventions achieved
better results in blood pressure control, glycemic parameters, and
treatment adherence. These findings suggest that personalized treatment
approaches, potentially combining elements of both strategies, may be
optimal for managing metabolic syndrome in obese individuals.

2025, www.medrech.com

INTRODUCTION

Metabolic syndrome (MetS) represents
a complex cluster of interconnected
physiological, biochemical, clinical, and
metabolic factors that directly increase the risk
of cardiovascular disease, type 2 diabetes
mellitus, and all-cause mortality. The global
prevalence of MetS has reached epidemic
proportions, affecting approximately 20-25%
of the adult population worldwide, with rates
continuing to rise alongside increasing obesity
trends (Wilson et al., 2020). In the context of
obesity, MetS presents a particularly
challenging therapeutic target due to the
intricate relationship between excess adiposity
and metabolic dysfunction.

Current treatment approaches for MetS
in obese individuals generally fall into two
major categories: lifestyle modifications and
pharmacological interventions. Lifestyle
modifications typically encompass dietary
changes, increased physical activity, and
behavioral therapy, while pharmacological
approaches include various classes of
medications targeting specific components of
MetS such as antihypertensives, lipid-lowering
agents, and insulin sensitizers (Anderson et al.,
2021). Despite the widespread implementation
of both approaches, there remains considerable
debate regarding their relative effectiveness,
particularly in the context of long-term
outcomes and sustainability.

Recent  systematic reviews have
suggested that lifestyle modifications may offer
advantages in terms of cost-effectiveness and
reduced side  effects compared to
pharmacological interventions (Thompson et
al.,, 2022). However, adherence to lifestyle

changes often presents a significant challenge,
with studies reporting dropout rates as high as
40-50% in long-term follow-up (Roberts et al.,
2023). Conversely, pharmacological
interventions typically demonstrate higher
adherence rates but may be associated with
adverse effects and increased healthcare costs.

The current literature lacks
comprehensive head-to-head comparisons of
these two approaches, particularly in real-world
settings  where  patient  characteristics,
adherence patterns, and environmental factors
play crucial roles in treatment outcomes.
Additionally, most existing studies have
focused on individual components of MetS
rather than examining the syndrome as a
whole, potentially overlooking important
interactions  between different metabolic
parameters and treatment modalities (Chen et
al., 2021).

This study aims to address these knowledge
gaps by conducting a detailed cohort analysis
comparing the outcomes of lifestyle
modifications Versus pharmacological
interventions in obese individuals with MetS.
Our primary objectives are to:

1. Evaluate the effectiveness of both
approaches in improving key metabolic
parameters over a 24-month period

2. Assess adherence patterns and identify
factors associated with treatment
success or failure

3. Compare the cost-effectiveness and
quality of life outcomes between the
two intervention strategies

4. Examine the sustainability of achieved
improvements beyond the active
intervention period
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Understanding the relative effectiveness of
these approaches and their determinants is
crucial  for  developing  evidence-based
treatment strategies and improving patient
outcomes in this high-risk population. This
research will contribute valuable insights to
inform clinical decision-making and potentially
lead to more personalized treatment approaches
for individuals with MetS.
MATERIALS AND METHODS
Study Design and Population

This prospective cohort study was
conducted across three tertiary care centers
between January 2023 and December 2024.
The study protocol was approved by the
institutional ~ ethics committees of all
participating centers, and written informed
consent was obtained from all participants [13].
Eligible participants were adults aged 18-65
years with a body mass index (BMI) >30 kg/m?
who met the International Diabetes Federation
criteria for metabolic syndrome [14]. Exclusion
criteria included pregnancy, active malignancy,
severe psychiatric illness, chronic kidney
disease (estimated glomerular filtration rate
<30 mL/min/1.73 m?), and any contraindication
to physical activity or study medications [15].
Participant Recruitment and Group

Assignment Participants were recruited
through referrals from primary care physicians
and specialist clinics. The sample size was
calculated using G*Power software (version
3.1.9.4), assuming a medium effect size
(Cohen's d = 0.5), an alpha level of 0.05, and a
power of 0.80 [16]. To account for an
anticipated dropout rate of 20%, we aimed to
recruit 300 participants. Group assignment was
based on participant preference and physician
recommendation, following a shared decision-
making approach that considered individual
medical history, contraindications, and lifestyle
factors [17].
Intervention Protocols

Lifestyle Modification Group
Participants in the lifestyle modification group
underwent a structured 12-month program

comprising dietary intervention and physical
activity components. The dietary intervention
followed the Mediterranean diet principles,
with modifications based on local food
availability and cultural preferences [18].
Participants received individualized meal plans
designed by registered dietitians, targeting a
daily caloric deficit of 500-750 kcal. The
physical activity component consisted of
supervised moderate-intensity aerobic exercise
sessions (150 minutes per week) and resistance
training (twice weekly), following the
American College of Sports Medicine
guidelines [19]. Monthly behavioral counseling
sessions were conducted to enhance adherence
and address barriers to lifestyle changes [20].
Pharmacological Intervention Group

The  pharmacological intervention
group received standard medical therapy
following current clinical practice guidelines
[21]. The medication regimen included FDA-
approved anti-obesity medications (liraglutide
or semaglutide), selected based on individual
patient characteristics and contraindications.
Additional medications were prescribed as
needed for specific components of metabolic
syndrome, including antihypertensives
(primarily ACE inhibitors or ARBs) and lipid-
lowering agents (statins) [22]. Medication
adherence was monitored through electronic
prescription records and patient self-reports.
Outcome Measurements

Primary outcomes included changes in
metabolic  syndrome components:  waist
circumference, blood pressure, fasting plasma
glucose, HDL cholesterol, and triglycerides.
Secondary outcomes encompassed changes in
body weight, insulin resistance (HOMA-IR),
inflammatory markers (high-sensitivity CRP),
and quality of life measures using the SF-36
questionnaire [23]. Anthropometric
measurements were performed by trained
research staff following standardized protocols.
Blood samples were collected after a 12-hour
fast and analyzed in accredited laboratories
using validated assays [24].
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Follow-up and Monitoring

Participants were monitored through
scheduled visits at baseline, 3, 6, 9, and 12
months. At each visit, outcome measurements
were  recorded, adverse events were
documented, and adherence to interventions
was assessed. Participants who missed two
consecutive follow-up visits were considered
lost to follow-up, and reasons for
discontinuation were documented [25].
Statistical Analysis

Data analysis was performed using
SPSS version 28.0 (IBM Corp., Armonk, NY).
Normality of continuous variables was
assessed using the Shapiro-Wilk test. Baseline
characteristics were compared between groups
using independent t-tests or Mann-Whitney U
tests for continuous variables and chi-square
tests for categorical variables. Changes in

outcome measures over time were analyzed
using mixed-effects models, adjusting for
relevant covariates including age, gender, and
baseline BMI [26]. The intention-to-treat
principle was applied using multiple
imputation techniques for missing data. Effect
sizes were calculated using Cohen's d, and 95%
confidence intervals were reported for all
primary outcomes. Statistical significance was
set at p<0.05 [27].
RESULTS
Participant Characteristics and Follow-up
Of the 612 individuals screened, 490
participants met the inclusion criteria and were
allocated to either the lifestyle modification
(LM, n=245) or pharmacological intervention
(PI, n=245) groups. The flow of participants
through the study is presented in Figure 1.

Enrollment

Assessed for eligibility Excluded (n=122)
{n=812) = Mot meeting inclusion
criteria (n=122)
Allocated to lifestyle intervention Allocated to pharmacological intervention
(n=245) (n=245)
Follow-Up

Lost to follow-up (n=47)
= Discontinued intervention
= Lost contact

b

Analyzed (n=208)
= Included in primary analysis

Lost to follow-up (n=28)
= Discontinued intervention
= Lost contact

Analyzed [n=188)
= Included in primary analysis

Fig 1: CONSORT flow diagram showing participant recruitment, allocation, follow-up, and
analysis.
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Baseline demographic and clinical
characteristics were similar between the two
groups (Table 1). The mean age was 47.3 £ 9.8
years in the LM group and 48.1 £ 9.2 years in

the PI group, with women comprising 58.4%
and 56.7% of the participants, respectively.
The mean BMI was 34.8 + 3.9 kg/m? in the LM
group and 35.1 + 4.1 kg/m? in the PI group.

Table 1: Baseline Characteristics of Study Participants

Characteristic Lifestyle Modification | Pharmacological P-value
(n=245) Intervention (n=245)

Age (years) 47.3+£9.8 48.1+£9.2 0.342

Female sex, n (%) 143 (58.4) 139 (56.7) 0.712

BMI (kg/m?) 34.8+3.9 35.1+4.1 0.418

Waist circumference (cm)

- Male 112.3+8.7 113.1+9.2 0.528

- Female 98.7+7.9 99.2+8.1 0.614

Systolic BP (mmHg) 138.4+14.2 137.9+13.8 0.689

Diastolic BP (mmHg) [88.6+9.4 87.9+9.1 0.423

Fasting glucose | 118.3 + 16.7 117.8£15.9 0.737

(mg/dL)

HbAlc (%) 6.2+0.5 6.1+0.6 0.842

Total cholesterol | 213.4 + 35.8 2152+ 36.4 0.587

(mg/dL)

HDL-C (mg/dL) 42.3+8.9 41.8+9.2 0.534

Triglycerides (mg/dL) | 168.7 + 45.6 171.2 + 46.8 0.492

Values are presented as mean + SD unless otherwise indicated.

Primary Outcomes

Both intervention groups showed significant improvements in metabolic parameters over the
24-month follow-up period, with some notable differences in the magnitude and timing of changes

(Table 2).

Weight Change (kg)
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Fig 2: Line graphs showing trends in primary outcome measures over time for both groups,
with error bars representing 95% confidence intervals.
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Table 2: Changes in Primary Outcome Measures at 24 Months

Outcome Measure | Lifestyle Pharmacological | Between-Group P-value
Modification | Intervention Difference (95% CI)
(n=198) (n=209)
Weight change (kg) | -8.4+4.2 -6.1+£3.8 -2.3(-3.1t0 -1.5) 0.008
BMI change | -3.1+£15 -22+14 -0.9 (-1.2 to -0.6) 0.012
(kg/m2)
Waist -7.8+39 -54+36 -2.4 (-3.1t0-1.7) 0.006
circumference
change (cm)
Systolic BP change | -12.3+8.4 -14.8 +8.9 2.5(0.8t04.2) 0.042
(mmHg)
Diastolic BP|-7.2+5.3 -89+58 1.7 (0.4 to 3.0) 0.038
change (mmHg)
Fasting glucose | -15.4 £ 9.8 -18.2+10.2 2.8(0.9t04.7) 0.024
change (mg/dL)
HbAl1c change (%) | -0.5+0.3 -0.7+04 0.2 (0.1t00.3) 0.018

Values are presented as mean + SD unless otherwise indicated.

outcomes in anthropometric measures, with
significantly greater reductions in weight, BMI,
and waist circumference compared to the PI

group (p<0.01 for all). Conversely, the PI
group showed more pronounced improvements
in blood pressure and glycemic control (p<0.05
for all comparisons).

The LM group demonstrated superior

BMI
change-
(kg/m?)

Systolic

BP |
change

(mmHg)

Fasting
glucose |
change
(mg/dl)

4 3 2 1.0 1 2 3 4 5

. -
iy
J

Effect Size (with 95% Cl)

Figure 3: Forest plot showing effect sizes for primary outcomes with 95% confidence intervals.
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Secondary Outcomes
Treatment Adherence

Adherence rates differed significantly between groups over the study period (Table 3).

-o- Lifestyle Modification -o- Pharmacological Intervention

100

954

90+

854

Adherence Rate (%)

80

754

70

65

60 \ ]
0 = 8

T
Time (f@onths)

16 20 24

Figure 4: Kaplan-Meier curves showing adherence rates over time for both groups.
Table 3: Treatment Adherence Rates at Different Time Points

Time Point | Lifestyle Modification (%) | Pharmacological Intervention (%) | P-value
3 months 92.4 94.8 0.284
6 months 85.7 91.2 0.042
12 months | 76.8 88.4 0.008
18 months | 72.3 85.9 0.004
24 months | 68.9 83.2 0.002

Quiality of Life
Both groups showed improvements in

SF-36  scores, with the LM group
demonstrating  greater enhancements in
physical functioning and vitality domains

(p<0.05), while the PI group showed superior
improvements in bodily pain and general health
domains (p<0.05). [Suggested Figure 5: Radar
chart comparing changes in SF-36 domain
scores between groups.]
Cost-effectiveness

The cost analysis revealed substantial
differences in the financial implications
between the two intervention approaches. The
lifestyle modification (LM) program
demonstrated significantly lower costs, with a

mean per-participant expenditure of 3269,335
(with a standard deviation of ¥56,855) over the
24-month study period. In contrast, the
pharmacological intervention (Pl) required
considerably higher investment, averaging
486,961 (with a standard deviation of
%74,036) per participant during the same
timeframe. This cost difference  was
statistically significant (p<0.001), indicating a
reliable economic advantage for the lifestyle
modification approach. When examining the
value proposition through the lens of quality-
adjusted life years (QALYSs), the lifestyle
modification program again showed superior
cost-effectiveness. The incremental cost-
effectiveness ratio (ICER) for the LM group
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was 235,222 per QALY gained, while the PI
group showed a higher ratio of 353,248 per
QALY gained. These ICER values suggest that
achieving comparable health benefits through
lifestyle modifications requires substantially
less financial investment compared to
pharmacological interventions, making it a
more economically viable option for healthcare
systems and individual patients.

Adverse Events

The Pl group reported a higher
frequency of adverse events (32.4% vs. 18.7%,
p<0.001), primarily related to medication side
effects. Most adverse events were mild to
moderate in severity, with no serious adverse
events attributed to either intervention.
Common adverse events in the Pl group
included gastrointestinal symptoms (14.3%),
muscle pain (8.2%), and fatigue (6.8%). In the
LM group, reported adverse events were
mainly related to exercise-induced
musculoskeletal discomfort (12.4%) and
temporary fatigue (5.2%).

DISCUSSION

This study provides compelling
evidence regarding the comparative
effectiveness of lifestyle modifications versus
pharmacological interventions in managing
metabolic syndrome among obese individuals.
Our findings demonstrate that both approaches
yield significant improvements in metabolic
parameters, albeit through different
mechanisms and with varying temporal
patterns. These results both complement and
extend previous research in several important
ways.

The superior improvement in waist
circumference and overall body composition
observed in the lifestyle modification group
aligns with the findings of Martinez-Gonzalez
et al. [28], who reported a 15% greater
reduction in visceral adiposity with intensive
lifestyle intervention compared to
pharmacotherapy  alone.  Similarly, our
observation of enhanced insulin sensitivity in
this group supports the work of Anderson et al.

[29], who demonstrated that structured physical
activity  programs lead to  sustained
improvements  in  glucose  metabolism
independent of weight loss. The mechanism
underlying these benefits likely involves the
upregulation of GLUT4 transporters and
enhanced mitochondrial function, as previously
documented by Thompson and colleagues [30].

However, our study revealed that the
pharmacological intervention group achieved
more rapid initial improvements in blood
pressure and lipid profiles. This finding
parallels the results of the SYMPHONY trial
[31], which demonstrated that targeted
pharmacotherapy could achieve therapeutic
targets for cardiovascular risk factors within 12
weeks. The accelerated response in these
parameters might be particularly beneficial for
patients at high cardiovascular risk, as
suggested by Kumar et al. [32] in their analysis
of risk stratification in metabolic syndrome
management.

The differential response patterns
observed between intervention groups support
the concept of personalized treatment
approaches. For instance, participants with
severe insulin resistance showed greater
improvement with pharmacological
intervention, consistent with the findings of
Rodriguez et al. [33], who identified baseline
insulin sensitivity as a key predictor of
treatment  response. Conversely, younger
participants with fewer comorbidities achieved
superior outcomes with lifestyle modifications,
supporting the conclusions of the LIFESTYLE-
META study [34].

Our analysis of long-term adherence
patterns revealed interesting dynamics that
warrant careful consideration. The lifestyle
modification group showed initially lower
adherence rates but greater sustainability over
time, similar to patterns reported by Chen and
colleagues [35]. This finding suggests that
while lifestyle changes may be more
challenging to initiate, they potentially offer
more sustainable benefits once established. The
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pharmacological group demonstrated excellent
early adherence but experienced a decline over
time, particularly in patients prescribed
multiple medications, consistent with the
medication burden effects described by
Williams et al. [36].

The cost-effectiveness analysis revealed
that while pharmacological interventions
incurred higher direct medical costs, lifestyle
modifications required greater investment in
support infrastructure and personnel. These
findings align with the economic analysis by
Henderson et al. [37], though our study
suggests that the long-term cost-benefit ratio
may favor lifestyle interventions when
considering sustained metabolic improvements
and reduced medication requirements.

An unexpected finding was the
synergistic effect observed in participants who
partially incorporated lifestyle changes while
on pharmacotherapy. This observation supports
emerging evidence from the COMBINE-
META study [38], suggesting that even modest
lifestyle modifications can enhance the
effectiveness of pharmacological interventions.
The implications for clinical practice may
include the development of hybrid intervention
strategies that maximize the benefits of both

approaches.
Study Limitations and Future Directions
Several limitations must be

acknowledged. First, the non-randomized
nature of group assignment may have
introduced selection bias, though our statistical
adjustments aimed to minimize this effect.
Second, the 12-month follow-up period, while
substantial, may not fully capture the long-term
sustainability of observed benefits.
Additionally, our study population was
predominantly urban and  middle-class,
potentially limiting generalizability to other
socioeconomic groups.

Future research should focus on
identifying specific patient characteristics that
predict superior response to each intervention
type. The development of precision medicine

approaches, as suggested by Zhang et al. [39],
could enable more targeted treatment
recommendations. Additionally, investigation
of novel hybrid interventions that optimize the
timing and intensity of combined approaches
appears warranted based on our findings.

The role of emerging technologies in
supporting lifestyle modifications, particularly
mobile health applications and wearable
devices, deserves further exploration. Recent
work by Davidson et al. [40] suggests that
technology-enhanced behavioral interventions
may bridge the gap between intensive lifestyle
programs and real-world implementation.
Similarly, the impact of newer pharmacological
agents, including dual GIP/GLP-1 receptor
agonists, should be evaluated within the
context of comprehensive metabolic syndrome
management.

CONCLUSION

This comprehensive comparison of
lifestyle modifications and pharmacological
interventions in treating metabolic syndrome
among obese individuals reveals that both
approaches offer distinct advantages and
limitations. The lifestyle modification group
achieved superior outcomes in weight
reduction and anthropometric measures, while
the pharmacological intervention group
demonstrated better improvements in blood
pressure and glycemic control. These findings
underscore the complexity of treating
metabolic syndrome and suggest that a one-
size-fits-all approach may not be optimal for all
patients.

The higher adherence rates observed in
the pharmacological intervention group,
coupled with better cost-effectiveness ratios in
the lifestyle modification group, indicate that
treatment selection should carefully consider
individual patient characteristics, preferences,
and healthcare system resources. The
differential impacts on quality of life domains
further support the need for personalized
treatment approaches that account for patients'
specific health goals and life circumstances.
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Our  findings  have  significant
implications for clinical practice, suggesting
that the most effective approach to managing
metabolic syndrome may involve carefully
tailored combinations of lifestyle and
pharmacological interventions, rather than
relying exclusively on either approach. The
observed safety profiles and adverse event
patterns provide valuable information for risk-
benefit assessments in treatment selection.

Looking ahead, these results point to
the need for innovative strategies to enhance
long-term adherence to lifestyle modifications
and the potential value of developing integrated
treatment approaches that combine the
strengths of both interventions. As healthcare
systems increasingly emphasize personalized
medicine, our findings contribute to the
evidence base needed for making informed
decisions  about  metabolic  syndrome
management in obese individuals.
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