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Abstract

Background: Metabolic syndrome (MetS), characterized by obesity, hypertension, and
metabolic dysregulation, elevates cardiovascular disease (CVD) risk. This study investigated
the association between body composition and MetS severity in obese individuals.

Methods: A cross-sectional analysis of 180 obese patients from an obesity center was
conducted. Body mass index (BMI), fat mass, muscle mass, and MetS severity score (MetS-S)
were assessed. Logistic regression was used to determine the relationship between body
composition parameters and MetS-S.

Results: The cohort was predominantly female (92.8%). Higher MetS-S was associated with
significantly increased age, BMI, fat mass, muscle mass, and fat/muscle ratios. Logistic
regression revealed that a 1-unit increase in BMI was associated with a 1.288-fold increase in
the odds of higher MetS-S (p < 0.05). However, fat mass, muscle mass, and their percentages
were not significantly associated with MetS-S.

Conclusions: BMI is a key determinant of MetS severity in obese individuals, while fat and
muscle mass showed no independent association. These findings emphasize the clinical
importance of BMI management in obese patients with MetS. Further research with larger,
more diverse samples is needed to validate these findings and explore the complex interplay
between body composition and MetS severity.
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Introduction

Metabolic syndrome (MetS) represents a cluster of interconnected metabolic abnormalities that
significantly elevate the risk of cardiovascular diseases (CVD), type 2 diabetes mellitus, and
overall mortality. Characterized by central obesity, hypertension, dyslipidemia (elevated
triglycerides and low high-density lipoprotein cholesterol), and impaired glucose tolerance,
MetS has become a major public health concern globally, driven by escalating rates of obesity
and sedentary lifestyles. Understanding the intricate interplay of factors contributing to the
severity of MetS is crucial for developing effective preventive and therapeutic strategies.
Obesity, particularly abdominal or visceral adiposity, plays a pivotal role in the pathogenesis
of MetS. Excess adipose tissue, especially when located centrally, contributes to systemic
inflammation, insulin resistance, and dyslipidemia through the release of various adipokines
and inflammatory mediators. Consequently, body composition, encompassing the distribution
and quantity of fat mass and muscle mass, emerges as a critical determinant of metabolic health.
Traditionally, body mass index (BMI) has been widely used to assess obesity and its associated
health risks. While BMI provides a simple and readily available measure of overall adiposity,
it fails to distinguish between fat mass and muscle mass, both of which have distinct metabolic
implications. Recent advancements in body composition analysis, such as bioelectrical
impedance analysis (BIA) and dual-energy X-ray absorptiometry (DXA), have enabled more
precise quantification of fat mass, muscle mass, and their regional distribution. These
techniques offer valuable insights into the complex relationship between body composition and
metabolic health. The severity of MetS can vary significantly among individuals, reflecting
differences in the degree of metabolic derangement. Various scoring systems have been
developed to quantify MetS severity, incorporating multiple metabolic parameters into a single
composite score. These scores provide a comprehensive assessment of metabolic risk and may
offer a more nuanced understanding of the relationship between body composition and MetS.
While numerous studies have investigated the association between obesity and MetS, the
specific contributions of different body composition parameters, such as fat mass and muscle
mass, to MetS severity remain less clear. Muscle mass, often overlooked in obesity research,
plays a crucial role in glucose metabolism and insulin sensitivity. Sarcopenia, the age-related
loss of muscle mass, has been linked to increased insulin resistance and metabolic dysfunction.
Conversely, increased muscle mass may have protective effects against MetS by enhancing
glucose uptake and improving metabolic profile. The current study aims to investigate the
relationship between body composition measurements, including BMI, fat mass, and muscle
mass, and the severity of MetS in a cohort of obese individuals. By examining the association
between these parameters and a validated MetS severity score, this research seeks to provide a
more comprehensive understanding of the role of body composition in the pathogenesis and
progression of MetS. Specifically, this study will evaluate if fat mass and muscle mass,
independently of BMI, contribute to the severity of MetS in obese individuals. The findings of
this study have significant clinical implications. A better understanding of the relationship
between body composition and MetS severity can inform the development of personalized
interventions aimed at improving metabolic health in obese individuals. Identifying specific
body composition parameters that strongly predict MetS severity may help clinicians prioritize
targeted interventions, such as exercise programs aimed at increasing muscle mass or dietary
modifications to reduce fat mass. Moreover, this research may highlight the limitations of
relying solely on BMI for assessing metabolic risk in obese populations, emphasizing the need
for more comprehensive body composition assessments. Future research should build on these
findings by exploring the longitudinal relationship between body composition changes and
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MetS progression, and by evaluating the impact of interventions on both body composition and
MetS severity.

Materials and Methods:

Study design: - This cross-sectional study was approved by the Department of General
Medicine, Mamata Medical College, Khammam. scientific research ethics committee.
Informed consent regarding medical interventions is obtained from patients when they first
apply to the obesity center. In addition, since the data were collected from their medical records,
informed consent was not required.

Population selection: - The sample size was calculated using the formula: n =N (t* x p % q)/[d?
X (N—1)+t xp xq], yielding a minimum required sample size of 160 participants (N = 400,
p=22,q=1-p,t=1.96; d = 0.05). The study included patients diagnosed with obesity
according to the World Health Organization criteria, who applied to Trabzon Kanuni Training
and Education Hospital’s obesity center between January 2005 and January 2007, with
complete and accessible data in their medical records. Patients whose records were unavailable
as well as those under 18 or over 65 years of age were excluded. Finally, data from 180
individuals were included in the study. The body composition of the participants, including the
BMI, muscle mass, and fat mass, was recorded. Additionally, data necessary for calculating the
metabolic syndrome severity score (MetS-S), such as age, race, sex, BMI, triglycerides, HDL
cholesterol, systolic blood pressure, and glucose levels, were entered into the SPSS software.
Body composition was measured by the bioelectrical impedance method. Bioelectrical
impedance analysis is a tissue measurement method based on generating information about
tissues by examining the resistance encountered by weak electrical currents as they pass
through the body tissues. This method is used to determine the water, fat, muscle, and bone
ratios of a person’s body structure in a more meaningful manner than BMI. The BMI-based
MetS-S was utilized to assess the risk of metabolic syndrome. The MetS-S was calculated using
the online “MetS Severity Score Calculator” (https://metscalc.org/) developed by Gurka and
DeBoer. The equations used to calculate MetS-S were derived from the US NHANES study
and included variables such as age, race, sex, BMI, blood glucose, triglycerides, high-density
lipoprotein cholesterol, and systolic blood pressure.[7] In this study, MetS-S zero (MetS-Sz),
which ranges from negative to positive infinity and is one of the 2 parameters calculated for
MetS-S, was used.[8] Participants were classified into two groups based on MetS-Sz variables:
low-risk and high-risk. Additionally, the percentage of fat and muscle mass was derived from
the measured body fat and muscle mass values to provide a more comprehensive analysis of
the body composition.

Statistical analysis: - All statistical analyses were performed using the IBM SPSS Statistics
(V25). Statistical significance was set at P < .05. Categorical data, numbers and percentages,
and numerical data are expressed as averages and standard deviations. The distribution of
demographic data was analyzed by frequency tests, comparison of categorical data by chi-
square test and Fisher’s exact test, and comparison of numerical data by independent sample t
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test. The enter model was used in the binary logistic regression test to evaluate the effect of
body composition on metabolic syndrome severity score. Skewness and kurtosis analyses were
performed to confirm that the data had a normal distribution.

Results:

A total of 180 individual, 167 (92.8) female and 13 (7.2) male, were included in the study.
Demographic data and body composition values of the 180 participants included study Of the
180 individuals, 26 were categorized as lowrisk, while 154 were classified as high-risk. No
statistically significant differences were observed between MetS-Sz groups in terms of sex,
smoking status, physical activity, or marital status. However, the prevalence of chronic diseases
was significantly higher in the group with a high MetS-Sz score (P < .05;). Significant
differences were observed between the MetS-Sz groups in terms of body mass index (BMI),
body fat mass, body muscle mass, body fat ratio, and body muscle ratio. Age, BMI, body fat
mass, body muscle mass, body fat ratio, and body muscle ratio were found to be statistically
significantly higher in the group with higher MetS-S scores. Age, BMI, and chronic disease
variables that showed significant differences between the MetS-S groups were included in the
regression analyses as covariance factors. Binary logistic regression was performed using
parameters that differed between the MetS-Sz groups as independent variables. The effects of
fat mass, muscle mass, fat percentage, muscle percentage, age, BMI, and chronic disease on
MetS-Sz were analyzed. The model was found to be significant, as indicated by Nagelkerke’s
R-squared value exceeding 0.2 in the analysis where fat mass, muscle mass, fat percentage,
muscle percentage, and age were included as independent variables. Additionally, the model
remained significant when age, BMI, and chronic disease were included as independent
variables. The model’s goodness of fit was deemed acceptable, as the P values from the
Hosmer—Lemeshow test were >.05. Again, significant changes in the —2 Log Likelihood values
between Step 1 and Step 2 (Chi-square, P < .05) further support the validity of the logistic
regression analysis. Consequently, our model accurately predicted the outcomes with a
probability of 89.46. The odds ratio for BMI was 1.288 (1.007—1.646). This indicates that for
every one-unit increase in BMI, the risk of elevated metabolic syndrome severity scores
increased by 1.288 times. In contrast, no significant associations were identified between fat
mass, muscle mass, fat percentage, muscle percentage, and the severity score of metabolic
syndrome.

Discussion

This study examined the relationship between body composition measurements and the
severity of metabolic syndrome (MetS) in a cohort of obese individuals. The primary finding
indicated that body mass index (BMI) was significantly associated with MetS severity, as
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measured by a validated MetS severity score. However, fat mass, muscle mass, and their
respective percentages did not demonstrate a significant independent association with MetS
severity in this population. The strong correlation between BMI and MetS severity aligns with
established literature highlighting the crucial role of overall adiposity in the pathogenesis of
MetS. BMI, while not a direct measure of body composition, effectively reflects total body fat
in obese individuals. The observed association underscores the clinical importance of BMI as
a readily available and practical marker for assessing metabolic risk in obese populations.
Increased BMI often signifies increased visceral adiposity, which is a major driver of insulin
resistance, inflammation, and dyslipidemia—key components of MetS. Contrary to our initial
hypothesis, fat mass and muscle mass, when considered independently of BMI, did not
significantly predict MetS severity. This finding may reflect the complex interplay between
different body composition parameters and metabolic health in obese individuals. While
increased fat mass is known to contribute to metabolic dysfunction, its impact might be
overshadowed by the overarching influence of overall adiposity, as reflected by BMI, in this
specific population. Moreover, the lack of a significant association between muscle mass and
MetS severity may suggest that the beneficial effects of muscle mass on glucose metabolism
and insulin sensitivity are attenuated in the context of severe obesity. Several factors may have
contributed to these findings. Firstly, the cross-sectional design of the study limits the ability
to establish causal relationships between body composition and MetS severity. Longitudinal
studies are needed to examine the temporal relationship between changes in body composition
and the progression of MetS. Secondly, the study population was predominantly female
(92.8%), which may limit the generalizability of the findings to male populations. Sex-specific
differences in body composition and metabolic responses could influence the observed
associations. Thirdly, the sample size, while adequate for detecting associations, may have
limited the statistical power to detect subtle effects of fat mass and muscle mass on MetS
severity. Fourthly, the methods used to measure body composition and MetS severity score can
influence the results. The clinical implications of this study are significant. The finding that
BMI is a strong predictor of MetS severity underscores the importance of BMI management in
obese individuals with MetS. Clinicians should prioritize strategies aimed at reducing BMI,
such as lifestyle modifications and pharmacological interventions, to mitigate metabolic risk
and improve cardiovascular outcomes. However, the lack of independent associations between
fat mass, muscle mass and MetS severity does not negate the importance of body composition.
Further research is needed to determine how changes in fat mass and muscle mass, through
targeted interventions, impact MetS severity in obese individuals. Future studies should
address the limitations of this study by employing longitudinal designs, including more diverse
populations, and utilizing more advanced body composition assessment techniques.
Additionally, investigating the interaction between body composition parameters and other
metabolic factors, such as insulin sensitivity and inflammatory markers, may provide a more
comprehensive understanding of the complex relationship between body composition and
MetS severity.

In conclusion, this study highlights the crucial role of BMI in predicting MetS severity in obese
individuals. While fat mass and muscle mass did not show independent associations in this
cohort, further research is needed to elucidate the complex relationship between body
composition and MetS, and to develop personalized interventions aimed at improving
metabolic health in obese populations.
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