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ABSTRACT

Background: Emerging evidence suggests that dietary
patterns influence metabolic health through modulation of the
gut microbiota. However, data on gut microbiota-related
dietary patterns and their association with metabolic
syndrome (MetS) among adults remain limited, particularly in
hospital-based settings. The objective of the study is to
identify gut microbiota-related dietary patterns and examine
their association with metabolic syndrome and its components
among adults attending a tertiary care hospital.

Materials and Methods: A hospital-based cross-sectional
study was conducted among 355 adults aged 18-65 years.
Dietary intake was assessed using a validated semi-
quantitative Food Frequency Questionnaire. Principal
Component Analysis (PCA) was used to derive gut
microbiota-related dietary patterns. Metabolic syndrome was
defined according to the International Diabetes Federation
(IDF) 2006 criteria. Multivariable logistic regression was
performed to evaluate the association between dietary pattern
adherence and metabolic syndrome after adjusting for
potential confounders.

Result: Three major dietary patterns were identified: Fiber-
Rich and Fermented Foods Pattern, Traditional Pattern, and
Processed Food Pattern. The overall prevalence of metabolic
syndrome was 38.9%. Participants in the highest tertile of
adherence to the Fiber-Rich and Fermented Foods Pattern had
a significantly lower prevalence of metabolic syndrome
compared with those in the lowest tertile (25.4% vs. 51.7%,
p<0.001). After adjustment for confounding variables, high
adherence to the Fiber-Rich Pattern was associated with lower
odds of metabolic syndrome (OR=0.42, 95% CI: 0.24-0.72;
p=0.002), whereas high adherence to the Processed Food
Pattern was associated with increased odds (OR=2.31, 95%
Cl: 1.37-3.90; p=0.001). Significant inverse associations
were also observed for elevated fasting glucose, triglycerides,
blood pressure, and central obesity.

Conclusion: Greater adherence to fiber-rich and fermented-
food dietary patterns was associated with reduced odds of
metabolic syndrome, while processed-food dietary patterns
were linked to increased metabolic risk. Microbiota-oriented
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dietary strategies may contribute to the prevention and

management of metabolic syndrome.
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INTRODUCTION

Metabolic syndrome (MetS) is a
multifactorial metabolic disorder
characterized by the coexistence of central
obesity, insulin resistance, dyslipidemia,
hypertension, and impaired glucose
metabolism. It has emerged as a major
global public health concern due to its
strong association with type 2 diabetes
mellitus, cardiovascular diseases, and
premature mortality.*? The prevalence of
MetS  has  increased  substantially
worldwide, largely driven by unhealthy
dietary habits, sedentary lifestyles, and
rapid urbanization.34

Recent advances in microbiome research
have highlighted the critical role of the gut
microbiota in regulating host metabolism
and maintaining metabolic homeostasis.
The human gastrointestinal tract harbors
trillions of microorganisms that participate
in nutrient metabolism, immune
modulation, and energy balance.!
Alterations in the composition and diversity
of gut microbiota, commonly referred to as
gut dysbiosis, have been implicated in the
pathogenesis of obesity, insulin resistance,
chronic low-grade inflammation, and
metabolic syndrome.571 Several studies
have demonstrated that individuals with
MetS exhibit distinct microbial signatures
compared with metabolically healthy
individuals, suggesting a close relationship
between gut microbial ecology and
metabolic health.[°]

Diet is considered one of the most
influential modifiable factors shaping the
gut microbiota. Dietary components such as
dietary fiber, whole grains, fruits,
vegetables,  fermented foods, and
polyphenol-rich foods promote the growth
of beneficial microbial taxa and the
production of short-chain fatty acids, which
exert anti-inflammatory and metabolic
benefits.1%M In contrast, Western-style
dietary patterns characterized by high
consumption of saturated fats, refined
carbohydrates, and ultra-processed foods

have been associated with microbial
dysbiosis and  adverse metabolic
outcomes.*? Consequently, the concept of
gut microbiota-related dietary patterns has
gained increasing attention as a potential
link between diet and metabolic disorders.
Emerging evidence suggests that dietary
patterns capable of modulating gut
microbiota composition may influence the
development and progression of MetS
through mechanisms involving intestinal
barrier integrity, microbial metabolite
production, bile acid metabolism, and
systemic

inflammation.[*3-151 However, most existing
studies have focused either on individual
nutrients or microbial taxa, while data
examining  overall  microbiota-related
dietary patterns and their association with
MetS in adult populations remain limited,
particularly in hospital-based settings from
developing countries.

Therefore, the present study aimed to
identify gut microbiota-related dietary
patterns and investigate their association
with metabolic syndrome and its individual
components among adults attending a
tertiary care hospital. Understanding these
relationships may provide valuable insights
into microbiota-targeted nutritional
strategies for the prevention and
management of metabolic syndrome.

MATERIALS AND METHODS

Study Design and Participants: This
hospital-based cross-sectional study was
conducted among adults aged 18-65 years
attending the outpatient departments of a
tertiary care hospital between January and
June 2025. The minimum sample size was
calculated using the single population
proportion formula, assuming a 30%
prevalence of metabolic syndrome, 95%
confidence level, and 5% margin of error.
After accounting for a 10% non-response
rate, 355 participants were required.
Participants were recruited consecutively.
Individuals with pregnancy, malignancy,
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chronic gastrointestinal diseases, or recent
antibiotic/probiotic use were excluded.
Ethical approval was obtained from the
Institutional Ethics Committee, and written
informed consent was obtained from all
participants.

Assessment of Gut Microbiota-Related
Dietary Patterns: Dietary intake was
assessed using a validated semi-quantitative
Food Frequency Questionnaire (FFQ). Food
groups were classified according to their
reported influence on gut microbial health,
including fruits, vegetables, legumes, whole
grains, fermented foods, dairy products, and
ultra-processed foods. As gut microbiota
was not directly measured, the study
evaluated gut microbiota-related dietary
patterns. Principal Component Analysis
(PCA) was used to derive dietary patterns,
and participants were categorized into
tertiles based on pattern scores.
Assessment of Metabolic Syndrome:
Anthropometric  measurements,  blood
pressure, and  fasting  biochemical
parameters (glucose, triglycerides, and
HDL-C) were obtained using standard
procedures. Metabolic syndrome was
defined according to the International
Diabetes Federation (IDF) 2006 criteria.
Information on sociodemographic
characteristics, lifestyle factors, and
medical history was collected through a
structured questionnaire.

Statistical Analysis: Data were analyzed
using IBM SPSS Statistics version 29.0.
Continuous variables were expressed as
mean + standard deviation, and categorical
variables as frequencies and percentages.
Differences across tertiles of dietary pattern
scores were assessed using one-way
ANOVA and chi-square tests. Multivariable
logistic regression was used to evaluate
associations between gut microbiota-related
dietary patterns and metabolic syndrome
after adjusting for potential confounders.
Results were presented as odds ratios (ORs)
with 95% confidence intervals (Cls), and
statistical significance was set at p < 0.05.

RESULTS

The characteristics of the study participants
are presented in [Table 1]. The study
included 355 adults with a mean age of 43.8

years, and approximately half of the
participants were female. The overall
prevalence of metabolic syndrome was
38.9%, indicating a substantial burden of
cardiometabolic risk within the study
population.

[Table 2] presents the factor loadings
derived from Principal Component Analysis
(PCA). Three major gut microbiota-related
dietary patterns were identified, namely the
Fiber-Rich and Fermented Foods Pattern,
Traditional Pattern, and Processed Food
Pattern, collectively explaining 57.4% of
the total variance in dietary intake.

As shown in [Table 3], the prevalence of
metabolic syndrome decreased significantly
across increasing tertiles of adherence to the
Fiber-Rich and Fermented Foods Pattern.
Participants in the highest adherence tertile
exhibited approximately half the prevalence
of metabolic syndrome compared with
those in the lowest tertile.

The multivariable logistic regression results
are summarized in [Table 4]. Higher
adherence to the Fiber-Rich Pattern was
independently associated with lower odds
of metabolic syndrome, whereas greater
adherence to the Processed Food Pattern
was associated with significantly increased
odds after adjustment for potential
confounding factors.

[Table 5] demonstrates the associations
between the Fiber-Rich Pattern and
individual components of metabolic
syndrome. Significant inverse associations
were observed for central obesity, elevated
blood pressure, fasting glucose, and
triglycerides, while the association with low
HDL-C did not reach statistical
significance.

The dietary intake data presented in [Figure
1] indicate a progressive increase in the
consumption of fruits, vegetables, whole
grains, legumes, and fermented foods across
tertiles of the Fiber-Rich Pattern. These
findings support the dietary characterization
of participants with greater adherence to
microbiota-supportive eating habits.
[Figure 2] illustrates a gradual increase in
the mean metabolic risk score across age
groups. Older participants exhibited a
higher burden of metabolic abnormalities,
suggesting a positive relationship between
age and cardiometabolic risk.
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The distribution of physical activity levels
is depicted in [Figure 3]. Moderate and low

majority of participants, highlighting the
relatively high prevalence of sedentary

physical activity levels accounted for the

behavior within the study population.

Table 1: Sociodemographic and Clinical Characteristics of Participants (n = 355)

Variable Mean £ SD / n (%)
Age (years) 43.8+11.7
Female sex 188 (53.0)
BMI (kg/m?) 274+48
Wiaist circumference (cm) 92.6+11.9
Systolic BP (mmHg) 128.3+15.6
Diastolic BP (mmHg) 81.7 £10.8
Fasting glucose (mg/dL) 108.9 + 26.5
Triglycerides (mg/dL) 171.8+74.2
HDL-C (mg/dL) 44.6 £10.7
Current smokers 62 (17.5)
Physically inactive 146 (41.1)
Metabolic syndrome 138 (38.9)

Table 2: PCA-Derived Gut Microbiota-Related Dietary Patterns

Food Group Fiber-Rich Traditional Pattern | Processed Food Pattern
Pattern
Fruits 0.78 0.21 -0.09
Vegetables 0.82 0.18 -0.14
Whole grains 0.76 0.25 -0.11
Legumes 0.69 041 -0.08
Fermented foods 0.72 0.17 -0.12
Refined grains -0.15 0.74 0.28
Red meat -0.09 0.58 0.44
Fast foods -0.18 0.11 0.81
Sugar-sweetened beverages -0.21 0.05 0.84
Processed snacks -0.16 0.14 0.79
Total variance explained = 57.4%.

Table 3: Prevalence of Metabolic Syndrome Across Tertiles of Dietary Pattern Adherence

Dietary Pattern Tertile Participants (n) MetS n (%) p-value
T1 (Lowest adherence) 118 61 (51.7)

T2 119 47 (39.5)

T3 (Highest adherence) 118 30 (25.4) <0.001

Participants with higher adherence to the Fiber-Rich and Fermented Foods Pattern exhibited
significantly lower prevalence of metabolic syndrome compared with those in the lowest tertile

(25.4% vs. 51.7%, p < 0.001).

Table 4: Multivariable Logistic Regression for Metabolic Syndrome

Variable Adjusted OR 95% CI p-value
Fiber-Rich Pattern (T3 vs T1) 0.42 0.24-0.72 0.002
Traditional Pattern (T3 vs T1) 0.88 0.55-1.41 0.598
Processed Food Pattern (T3 vs T1) 231 1.37-3.90 0.001
Age (per year) 1.03 1.01-1.05 0.008
Female sex 0.94 0.58-1.53 0.812
Physical inactivity 1.69 1.02-2.79 0.041

Table 5: Associations Between Fiber-Rich Dietary Pattern and Individual Components of Metabolic

Syndrome
Outcome Adjusted OR 95% CI p-value
Central obesity 0.63 0.39-0.99 0.047
Elevated blood pressure 0.58 0.35-0.95 0.031
Elevated fasting glucose 0.49 0.29-0.83 0.008
Elevated triglycerides 0.46 0.27-0.79 0.005
Low HDL-C 0.67 0.40-1.12 0.128
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Mean Daily Intake of Key Food Groups Across Fiber-Rich Patter Tertiles
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Figure 1: Mean Daily Intake of Key Food
Groups Across Fiber-Rich Pattern Tertiles
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DISCUSSION

The present hospital-based cross-sectional
study investigated the association between
gut microbiota-related dietary patterns and
metabolic syndrome among adults. The
principal findings demonstrated that greater
adherence to a Fiber-Rich and Fermented
Foods Pattern was associated with a

significantly lower prevalence of metabolic
syndrome, whereas adherence to a
Processed Food Pattern was associated with
increased odds of metabolic syndrome.
Furthermore, higher adherence to the fiber-
rich pattern was inversely associated with
several metabolic syndrome components,
including central obesity, elevated blood
pressure, fasting glucose, and triglycerides.
In the current study, the prevalence of
metabolic syndrome was 38.9%, indicating
a substantial burden of cardiometabolic risk
among adults. This finding is consistent
with the growing evidence suggesting that
metabolic syndrome is closely linked to
alterations in dietary behaviors and gut
microbial ecology. Gao et al,[ and Nie et
al,l highlighted that gut microbiota
dysbiosis contributes to chronic low-grade
inflammation, insulin  resistance, and
adiposity, which collectively promote the
development of metabolic syndrome.
Similarly, Singh et al,® emphasized that
disruptions in gut microbial composition
may influence metabolic pathways involved
in glucose and lipid homeostasis, thereby
increasing  susceptibility to metabolic
disorders.

One of the most important findings of the
present study was the inverse association
between the Fiber-Rich and Fermented
Foods Pattern and metabolic syndrome
prevalence. Participants in the highest
adherence tertile exhibited substantially
lower odds of metabolic syndrome
compared with those in the lowest tertile.
This observation is in agreement with the
findings of Lou et al,’J who reported that
dietary patterns rich in fruits, vegetables,
whole grains, and other microbiota-
supportive foods were associated with
favorable metabolic outcomes and reduced
obesity risk through modulation of gut
microbial composition. Likewise, Asnicar
et al,l% demonstrated that habitual
consumption of plant-based foods was
strongly  associated  with  beneficial
microbial profiles and improved metabolic
health in a large population cohort. Merra et
al,l'! further reported that Mediterranean-
style dietary patterns rich in fiber and
polyphenols  positively influence gut
microbiota diversity and contribute to
improved metabolic regulation.
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The beneficial association observed for
fiber-rich dietary patterns may be explained
by the increased production of short-chain
fatty acids (SCFAs), including acetate,
propionate, and butyrate, which improve
intestinal ~ barrier  function,  reduce
inflammation, and enhance insulin
sensitivity. Fan and Pedersen,” described
the central role of microbial metabolites in
maintaining metabolic homeostasis, while
Ezenabor et al® reported that SCFA-
producing bacterial communities are
associated with reduced cardiometabolic
risk. These mechanisms provide biological
plausibility for the inverse relationship
observed in the current study.

The present study also demonstrated that
adherence to the Processed Food Pattern
was associated with more than two-fold
increased odds of metabolic syndrome. This
finding is consistent with the results
reported by Shi et al,®! who observed that
pro-inflammatory and hyperinsulinemic
dietary patterns were linked to unfavorable
gut microbiome profiles. Diets
characterized by high consumption of
refined carbohydrates, processed foods, and
sugar-sweetened beverages have been
shown to promote microbial dysbiosis,
systemic inflammation, and metabolic
dysfunction. Lou et al,/ similarly noted that
Westernized dietary patterns adversely
affect microbial diversity and are associated
with obesity and related metabolic
disorders.

Another noteworthy finding was the inverse
association between the Fiber-Rich Pattern
and individual metabolic syndrome
components, particularly fasting glucose
and triglycerides. Participants with greater
adherence to the fiber-rich dietary pattern
exhibited significantly lower odds of
hyperglycemia and hypertriglyceridemia.
These findings are supported by Gao et al,[!
who highlighted the potential of microbiota-
targeted dietary interventions to improve
glucose metabolism and lipid profiles.
Likewise, Antony et al[’l reported that
modulation of the gut microbiome through
dietary and microbial interventions may
improve insulin sensitivity and
cardiometabolic markers. The umbrella
review conducted by Aleali et al [ further
demonstrated  that gut  microbiome

modulation is associated with
improvements in  anthropometric and
metabolic parameters among individuals
with metabolic syndrome.

Fermented food consumption emerged as an
important component of the protective
dietary pattern identified in this study.
Previous evidence suggests that fermented
foods may enhance microbial diversity and
increase the abundance of beneficial
bacterial taxa. Li et al,l'® reported that
fermented foods are associated with
favorable  cardiometabolic ~ outcomes
through  modulation  of  microbial
composition and metabolic signaling
pathways. These observations support the
role of fermented foods as potential dietary
strategies  for  metabolic  syndrome
prevention.

The findings of the present study
collectively reinforce the growing evidence
that dietary patterns exert their metabolic
effects, at least in part, through interactions
with the gut microbiota. Recent reviews by
Nie et al,i¥ Singh et al,® and Ezenabor et
al,’®l have emphasized the bidirectional
relationship between diet, gut microbial
ecology, and metabolic health. Our results
extend these observations by demonstrating
that microbiota-related dietary patterns are
significantly associated with metabolic
syndrome and several of its clinical
components in an adult hospital-based
population.

The study has several strengths, including
the assessment of overall gut microbiota-
related dietary patterns using Principal
Component Analysis and the evaluation of
multiple metabolic syndrome components
using standardized criteria. However,
several limitations should be
acknowledged. First, the cross-sectional
design precludes causal inference between
dietary patterns and metabolic syndrome.
Second, dietary intake was self-reported and
may be subject to recall bias. Third, direct
gut microbiota profiling through stool
sequencing was not performed; therefore,
microbiota-related dietary patterns were
used as proxy indicators rather than direct
microbial measurements. Finally, the
hospital-based sample may limit the
generalizability of the findings to the
broader population.
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CONCLUSION

Higher adherence to a Fiber-Rich and
Fermented Foods Pattern was associated
with lower odds of metabolic syndrome and
several of its components, whereas
adherence to a Processed Food Pattern was
associated with increased metabolic risk.
These findings support the potential role of
microbiota-oriented dietary strategies in the
prevention and management of metabolic
syndrome. Future prospective studies
incorporating direct microbiome profiling
are warranted to further elucidate the
mechanisms linking dietary patterns, gut
microbiota, and metabolic health.
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