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ABSTRACT 

Background: Variations in body composition, particularly fat 
mass, muscle mass, and visceral adiposity, are known to 
influence lipid profiles and correlate with cardiovascular risk. 
The Atherogenic Index of Plasma (AIP) is an indicator marker 
for lipid-related cardiovascular disease. This study examines the 
association between body composition and AIP in young adults. 

Methods: An analytical cross-sectional study was con-
ducted using purposive sampling among 167 students aged 
17–22 years at Hasanuddin University. Anthropometric mea-
surements (body weight, height, and waist circumference), 
were obtained using standardized procedures. Body composi-
tion (fat mass, muscle mass, visceral fat, bone mass, and to-
tal body water) was assessed using a Tanita BC-730 bioelec-
trical impedance analyzer (BIA). Venous blood samples were 
collected following overnight fast, triglyceride and HDL-C lev-
els measured using enzymatic methods. Bivariate analysis 
was performed to examine correlations between body com-
position parameters and the Atherogenic Index of Plasma 
(AIP). Multiple linear regression with backward elimination 
was used to identify independent predictors of AIP. 

Results: Females had significantly higher fat mass (36.6%) 
and lower muscle mass (59.95%) compared to males (18.4% 
and 77.6%, respectively; p < 0.001). There was no significant 
difference in visceral fat between sexes. AIP showed a positive 
correlation with fat mass (r = 0.231, p = 0.003) and visceral 
fat (r = 0.417, p < 0.001), and a negative correlation with 

muscle mass (r = –0.219, p = 0.004). In multivariate analysis, 
visceral fat emerged as the only independent predictor of AIP 
(β = 0.426, p < 0.001).  

Conclusions: Visceral fat emerged as the only indepen-
dent predictor with significant effect on AIP. AIP and body 
composition screening may support early prevention strate-
gies in youth.  
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INTRODUCTION 

Obesity, characterized by excessive fat accumulation that im-
pairs health, has become a critical global health concern. 
According to the World Health Organization (2024), as of 2022, 
2.5 billion adults aged 18 years and older were overweight, in-
cluding over 890 million with obesity, representing 43% of the 
adult population a stark increase from just 25% in 19901. The 
global rise in obesity over recent decades has been accompa-
nied by an increasing prevalence of metabolic syndrome, a con-
dition that significantly elevates the risk of developing cardio-
vascular disease2. Body composition is a key risk factor for 
metabolic and cardiovascular diseases, and is strongly influ-
enced by both dietary patterns and physical activity3. Beyond 
total body fat, body composition, which includes fat mass, mus-
cle mass, bone mass, and total body water, offers a more com-
prehensive picture of metabolic health. A growing body of evi-
dence suggests that higher fat mass and lower muscle mass 
are associated with unfavorable lipid profiles and increased car-
diovascular risk. Specifically, alterations in body composition 
have been linked to elevated Atherogenic Index of Plasma 

462 Nutr Clín Diet Hosp. 2025; 45(2):462-475

Nutr Clín Diet Hosp. 2025; 45(2):462-475 
DOI: 10.12873/452handayani

Correspondencia: 
Nurpudji Astuti Taslim 
pudji_taslim@yahoo.com



(AIP), making it a useful indicator in assessing lipid-related risk 
across varying body types. In parallel, fat distribution, particu-
larly the contrast between visceral and subcutaneous (distrib-
uted) fat, has gained attention as a key determinant of meta-
bolic and cardiovascular risk. As emphasized by Koceva et al. 
(2024), visceral fat, more commonly found in men, is not only 
more metabolically active but also more dangerous than sub-
cutaneous fat, which is predominant in women4. 

Unlike subcutaneous fat, visceral adipose tissue (VAT) sur-
rounds internal organs and actively contributes to systemic in-
flammation, insulin resistance, and atherogenic lipid profiles, 
substantially elevating the risk of cardiovascular disease (CVD), 
type 2 diabetes, and metabolic syndrome5. Importantly, indi-
viduals with a normal Body Mass Index (BMI) but high visceral 
fat may face greater health risks than those with a high BMI 
and predominantly subcutaneous fat6. This distinction under-
scores the clinical importance of where fat is stored, rather than 
how much fat is stored. 

Common anthropometric indicators such as Waist Cir -
cumference (WC) and Waist-to-Hip Ratio (WHR) are more ac-
curate in predicting visceral fat compared to BMI. Additionally, 
biochemical markers like the Atherogenic Index of Plasma (AIP) 
the base-10 logarithmic ratio of triglycerides to HDL cholesterol 
have demonstrated strong correlations with visceral adiposity 
and cardiovascular risk7. These simple, cost-effective indicators 
offer valuable tools for early detection of fat-related metabolic 
complications. 

Young adults represent a crucial population for early preven-
tion because they are undergoing major lifestyle transitions that 
shape long-term health. Physical inactivity, poor dietary pat-
terns, and limited access to routine health check-ups in this age 
group can lead to early-onset obesity and metabolic distur-
bances8. Although these changes often occur without noticeable 
symptoms9, elevated AIP may already signal underlying cardio-
vascular risk. Identifying these risks early offers a valuable win-
dow for intervention before clinical manifestations appear. 

Globally, the prevalence of overweight and obesity among 
young adults is rising, largely due to sedentary behaviors and 
unhealthy diets. In Indonesia, the 2018 Basic Health 
Research reported obesity rates of 4.8% among adolescents 
aged 13–15 and 13.5% in those aged 16–1810. By 2023, the 
national adult obesity rate had increased from 21.8% (2018) 
to 23.4%11 At the provincial level, adult obesity rates range 
from 10.4% to 30.1%, indicating that up to one in three 
adults may be classified as obese12. 

Adolescents are especially vulnerable to nutritional prob-
lems due to rapid growth and development, which affect body 
composition, physical activity levels, weight, and bone 
mass13. Lifestyle choices during the transition to adulthood, 
such as diet and physical activity, greatly influence body com-
position. High body fat, particularly visceral fat, is linked to 
poor lipid profiles like high triglycerides and low HDL choles-

terol, which increase the Atherogenic Index of Plasma (AIP), 
a marker of cardiovascular risk14. 

Given the increasing prevalence of obesity and associated 
metabolic disorders, it is imperative to move beyond general-
ized measures of adiposity and focus on the specific contribu-
tions of fat distribution to cardiometabolic risk. While indices 
such as BMI remain widely used in both clinical and epidemio-
logical settings, they fail to differentiate between metabolically 
benign and harmful fat compartments. Accordingly, this study 
seeks to elucidate the differential health risks posed by visceral 
adiposity compared to subcutaneous (distributed) fat, with par-
ticular emphasis on their associations with the Atherogenic 
Index of Plasma (AIP), a validated surrogate marker of lipid-re-
lated cardiovascular risk. By examining these relationships in a 
young adult population, the present research aims to con-
tribute to a more nuanced understanding of adipose tissue 
function and distribution, thereby supporting the development 
of targeted screening protocols and early intervention strate-
gies tailored to individuals at elevated metabolic risk. 

MATERIALS AND METHODS  

Study Design 

This study employed an analytical observational design 
with a cross-sectional approach, conducted among young 
adult participants at Hasanuddin University, Makassar, Indo -
nesia. Anthropometric and biochemical data were collected to 
examine the relationship between body fat distribution and 
cardiovascular risk indicators.  

Data Collection 

Anthropometric Measurements: Body weight was measured 
using a calibrated analog scale, with participants wearing a sin-
gle layer of standardized clothing to minimize measurement er-
ror. Height was measured using a wall-mounted stadiometer, 
and Body Mass Index (BMI) was calculated as weight in kilo-
grams divided by height in meters squared (kg/m²). Based on 
the World Health Organization (WHO) classification, partici-
pants were categorized into four BMI groups: underweight 
(BMI < 18.5 kg/m²), normal weight (18.5–24.9 kg/m²), over-
weight (25.0–29.9 kg/m²), and obese (≥30.0 kg/m²) 15. Waist 
circumference was measured at the midpoint between the low-
est rib and the iliac crest using a non-elastic measuring tape. 
Abdominal obesity was classified according to the International 
Diabetes Federation (IDF) criteria for Asian populations, with 
cut-off points of ≥90 cm for males and ≥80 cm for females, in-
dicating increased risk for metabolic syndrome16. All instru-
ments were calibrated prior to measurement, and anthropo-
metric assessments were conducted by trained clinical nutrition 
personnel following standardized procedures. 

Body composition was measured using bioelectrical imped-
ance analysis (BIA) with a Tanita Body Fat Analyzer (Model 
BC-730; Tanita Corporation of America Inc., Arlington Heights, 
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IL, USA). Participants stood barefoot on the device platform, 
wearing light clothing and free of any personal items such as 
phones, wallets, keys, bags, or accessories. The measure-
ment was conducted according to the manufacturer’s instruc-
tions, with participants standing in an upright position, arms 
relaxed at their sides, and heels properly aligned on the de-
vice’s footplate electrodes. Fat Mass Percentage was classified 
into five categories based on sex-specific standards.  

For females, underfat was defined as <21%, standard 
ranges included 21–26% (standard minus) and 27–33% 
(standard plus), while 34–39% was categorized as overfat 
and ≥40% as obese. For males aged 17–21 years, underfat 
was defined as <8%, with standard minus and standard plus 
ranging from 8–13% and 14–20%, respectively. Fat Mass 
Percentage of 21–25% were considered overfat, and values 
≥26% were classified as obese. 

Visceral fat levels were classified into standard clinical cat-
egories to assess abdominal adiposity risk. A visceral fat rat-
ing of 1–9 was considered normal, indicating a healthy range. 
Ratings of 10–14 were categorized as high, suggesting in-
creased abdominal fat and potential metabolic risk. A rating 
of 15 or above was classified as very high, indicating a signif-
icantly elevated risk for cardiometabolic disorders. These clas-
sifications for Fat Mass Percentage and visceral fat rating 
were based on the manufacturer’s guidelines as outlined in 
the Tanita Body Composition Guide for the BC-73017. 

Total Body Water (TBW) represents the percentage of body 
weight composed of water and is a key indicator of hydration 
status and overall body composition. In general, a healthy 
TBW range is approximately 50–65% for males and 45–60% 
for females. 

Biochemical analysis: Venous blood samples (3–5 mL) were 
collected from each participant following a 16-hour overnight 
fast to ensure accurate lipid profiling. Triglyceride levels were 
analyzed using the enzymatic colorimetric GPO-PAP method, 
while high-density lipoprotein cholesterol (HDL-C) levels were 
measured using the homogeneous enzymatic colorimetric 
method. All blood samples were processed and analyzed by 
Prodia Clinical Laboratory, a certified and standardized facility 
adhering to quality control protocols for clinical diagnostics. 

The Atherogenic Index of Plasma was calculated using the 
formula: log10 (TG/HDL-C), where TG denotes fasting triglyc-
eride concentration and HDL-C denotes high-density lipopro-
tein cholesterol concentration, both expressed in mmol/L. AIP 
values were interpreted according to established risk thresh-
olds: −0.3 to 0.1 as low risk, 0.1 to 0.24 as intermediate risk, 
and >0.24 as high risk for cardiovascular disease18.  

Participants 

The study population consisted of young adult students 
from health-related faculties at Hasanuddin University. A total 

of 167 participants were selected through purposive sampling 
based on predetermined inclusion and exclusion criteria. 
Inclusion criteria comprised individuals aged 17 to 22 years 
with no prior medical history or use of medications affecting 
glucose or lipid metabolism. Participants were excluded if 
they were currently or recently engaged in weight-loss pro-
grams, reported tobacco use or alcohol consumption, had in-
complete data, declined to participate in the study, or refused 
to provide a blood sample for biochemical analysis.  

Statistical Analysis 

A frequency distribution, presented through graphical and 
tabular formats, serves as the result of univariate analysis and 
is employed to describe the basic characteristics of the 
dataset. To evaluate the quantitative relationships between 
Fat Mass Percentage, Muscle Mass Percentage, and Visceral 
Fat, and the Atherogenic Index of Plasma (AIP) among young 
adults, bivariate analysis is conducted. The choice of correla-
tion method depends on the distribution of the data: the 
Pearson correlation coefficient is used for normally distributed 
data, while Spearman’s rank correlation is applied for non-
parametric data. Data normality is assessed prior to analysis 
to ensure the appropriateness of the statistical tests applied. 

Furthermore, multiple linear regression analysis is per-
formed using the backward elimination method to identify 
the most significant predictors of AIP among the independ-
ent variables. This approach systematically removes non-
significant variables from the model in a stepwise manner 
to obtain the most parsimonious and explanatory model. 
Data normality was assessed using the Shapiro-Wilk test. 
Multiple linear regression analysis was performed using 
backward stepwise elimination. All candidate variables 
(bone mass, total body water, waist circumference, and vis-
ceral fat) were initially included in the model. Variables 
were eliminated stepwise based on statistical significance 
(p > 0.05) and multicollinearity (VIF ≥ 10) criteria. The fi-
nal model retained only variables that independently pre-
dicted AIP. All analyses were conducted using SPSS version 
30 (IBM Corp., Armonk, NY).  

Ethical approval 

This study received ethical approval from the Research 
Ethics Committee of Universitas Hasanuddin, under recom-
mendation number 30/UN4.6.4.5.31/PP36/2025. Prior to 
data collection, all participants were provided with detailed 
information regarding the study’s objectives, procedures, 
potential risks, and benefits. Written informed consent was 
obtained from each participant. The research was conducted 
in full accordance with the ethical principles outlined in the 
Declaration of Helsinki, ensuring the rights, safety, confi-
dentiality, and well-being of all participants were upheld 
throughout the study. 
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RESULTS 

Participant Characteristics  

Table 1 presents the distribution of respondent characteristics 
based on sex. Of the 167 respondents, comprising 41 males and 
126 females, no statistically significant differences were ob-
served between sexes in age, BMI, waist circumference, or 
physical activity level (p > 0.05). The distribution of BMI cate-
gories indicated a high prevalence of obesity in both groups, 
with 68.3% of males and 63.5% of females classified as obese. 
Central obesity was more prevalent among females (67.5%) 
than males (43.9%), although the difference in waist circumfer-
ence was not statistically significant.  

Table 2 presents the distribution of body composition pa-
rameters among 167 respondents, stratified by sex. Significant 
differences were observed in all major indicators of body com-
position, with the exception of visceral fat (p = 0.141). 
Females demonstrated significantly higher fat mass percent-
ages (36.6% vs. 18.4%) compared to males (p < 0.001). The 
distribution of fat mass categories further indicated that a 
greater proportion of females (69.1%) were classified as 
overweight or obese, while the majority of males (60.9%) 
were in the standard category. Conversely, males exhibited 

significantly higher muscle mass in percentage (77.6% vs. 
59.95%), total body water percentage (52.5% vs. 45.75%), 
and bone mass (3.2 kg vs. 2.4 kg), all with p-values < 0.001. 
No significant sex-based difference was identified in visceral 
fat distribution.  

Table 3 summarizes the distribution of triglyceride levels, 
HDL cholesterol, and the Atherogenic Index of Plasma (AIP) 
among 167 young adult participants, stratified by sex. No sig-
nificant difference was found in triglyceride levels between 
males and females, with both groups showing identical me-
dian values of 80 mg/dL (p = 0.810). Over 90% of partici-
pants in both groups had triglyceride levels within the normal 
range. HDL cholesterol levels differed significantly between 
groups (p = 0.003), with females showing a higher median 
value (52 mg/dL) than males (46 mg/dL). Despite this, low 
HDL levels were still prevalent, especially among females 
(42.1%). Although AIP values did not differ significantly be-
tween sexes (p = 0.240), a greater proportion of males were 
categorized in the high-risk group (58.5%) compared to fe-
males (49.2%).  

Table 4 presents the distribution of anthropometric, body 
composition, laboratory, and physical activity characteristics 
according to Atherogenic Index of Plasma (AIP) categories: 
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low risk (<0.11), medium risk (0.11–0.24), and high risk 
(>0.24). Statistically significant differences were observed 
across AIP groups in multiple parameters (p < 0.05). 

Participants in the high-risk AIP category had significantly 
higher BMI (median: 27.85 kg/m²) and a greater proportion 
classified as obese (79.1%) compared to the low (47.4%) and 

medium risk groups (54.6%) (p = 0.0003). Waist circumference 
was also significantly greater in the high-risk group (88 cm) 
compared to other categories (p = 0.0003), with central obesity 
observed in 73.3% of high-risk individuals. 

Fat Mass Percentage was significantly elevated in the high-
risk group (median: 36.9%) compared to the low-risk group 
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Table 1. Baseline Characteristics of Respondents by Sex (n=167) 

Variable Male (n=41) Female (n=126) p-value

Age 18 (17-22) 18 (17-20) 0.439

BMI (Kg/m2) 26 (17.2-46.7) 26.55 (16.9-42.3)

0.8222

Underweight (<18.5) 3 (7.3%) 5 (4%)

Normal-weight (18.5≤25) 4 (9.8%) 20 (15.9%)

Overweight (25≤30) 6 (14.6%) 21 (16.7%)

Obese (≥30) 28 (68.3%) 80 (63.5%)

Waist Circumference (cm) 87 (64-130) 84 (60-120)

0.0752Central Obesity (≥90cm for male; <80cm for female) 18 (43.9%) 85 (67.5%)

Normal (<90cm for male; <80cm for female) 23 (56.1%) 41 (32.5%)

1 Independent T-test; 2 Mann Whitney Test; * Significance = p<0.05.

Table 2. Comparison of Body Composition Parameters by Sex (n=167)

Variable Male (n=41) Female (n=126) p-value

Fat Mass (%) 18.4 (6.70-42.5) 36.6 (11.5-53.2)

0.0002*
Underfat 4 (9.8%) 2 (1.6%)

Standard Minus / Plus 25 (60.9%) 37 (29.4%)

Overfat / Obese 12 (29.2%) 87 (69.1.1%)

Muscle Mass (%) 77.6 (55.3-89.9) 59.95 (43.7-86.73) 0.0002*

Visceral fat (index) 7.5 (1-20) 6 (1-13.5)

0.1412Normal (1-9) 29 (70.7%) 112 (88.9%)

Risk (10-14)/ High risk (≥15) 12 (29.2%) 14 (11.4%)

Total Body Water (%) 52.5 (33.2-60.1) 45.75 (21.6-55.3)

0.0002*Low 9 (22%) 51 (40.5%)

Normal 32 (78%) 75 (59.5%)

Bone Mass (Kg) 3.2 (2.2-4.3) 2.4 (1.4-4.1) 0.0001*

1 Independent T-test; 2 Mann Whitney Test; * Significance = p<0.05.
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Table 3. Comparison of Lipid Profile and AIP by Sex (n=167)

Variable Male (n=41) Female (n=126) p-value

Triglycerides (mg/dL) 80 (33-319) 80 (32-286)

0.8102
Normal <150 mg/dL 37 (90.2%) 115 (91.3%)

Borderline High 150 – 199 mg/dL 2 (4.9%) 8 (6.3%)

High 200 – 499 mg/dL 2 (4.9%) 3 (2.4%)

HDL (mg/dL) 46 (29-72) 52 (28-85)

0.0032*Low (male ≤40; female ≤50) 14 (34.1%) 53 (42.1%)

Normal (male >40; female >50) 27 (65.9%) 73 (57.9%)

Atherogenic Index of Plasma (AIP) 0.24 (-0.25-0.94) 0.187 (-0.28-1.01)

0.2402
Low Risk (<0.11) 11 (26.8%) 48 (38.1%)

Medium Risk (0.11-0.24) 6 (14.6%) 16 (12.7%)

High Risk (>0.24) 24 (58.5%) 62 (49.2%)

1 Independent T-test; 2 Mann Whitney Test; * Significance = p<0.05.

Tabla 4. Comparison of Metabolic and Physiological Parameters Across Atherogenic Index of Plasma Categories (n=167)

Variable

Atherogenic Index of Plasma (AIP) Category

p-valueLow Risk  
(<0.11) (n=59)

Medium Risk  
(0.11-0.24) (n=22)

High Risk 
(>0.24) (n=86)

Sex 

0.4231Male 11 (18.6%) 6 (27.3%) 24 (27.9%)

Female 48 (81.4%) 16 (72.7%) 62 (72.1%)

BMI (Kg/m2) 24.8 (17.9-39.5) 25.05 (16.9-32.5) 27.85 (17.2-46.7)

0.0003*

Underweight 2 (3.4%) 3 (13.6%) 3 (3.5%)

Normal-weight 17 (28.8%) 2 (9.1%) 5 (5.8%)

Overweight 12 (20.3%) 5 (22.7%) 10 (11.6%)

Obese 28 (47.4%) 12 (54.6%) 68 (79.1%)

Circumference Waist (cm) 82 (63-110) 80.5 (60-106) 88 (64-130)

0.0003*Central Obesity 28 (47.5%) 12 (54.5%) 63 (73.3%)

Normal 31 (52.5%) 10 (45.5%) 23 (26.7%)

1 Chi Square test; 2 One Way Anova test; 3 Kruskal Wallis test; * significant = p<0.05.



(33.8%) (p = 0.0443). Visceral fat showed an increasing 
trend across AIP categories, reaching a median of 7.5 in the 
high-risk group (p = 0.0003). Total body water percentage 
was significantly lower in the high-risk group (45.7%) com-
pared to others (p = 0.0073), and bone mass was signifi-
cantly higher in this group as well (p = 0.0002). 

In laboratory findings, triglyceride levels increased signifi-
cantly across AIP categories (p = 0.0003), with the high-risk 
group showing the highest median level (104.5 mg/dL). HDL 
cholesterol levels showed an inverse trend, with significantly 
lower median values in the high-risk group (44 mg/dL) com-
pared to the low-risk group (61 mg/dL) (p = 0.0003). Similarly, 
LDL cholesterol and non-HDL cholesterol were significantly 

higher in the high-risk group (p = 0.0002), accompanied by a 
greater proportion of individuals in borderline or high-risk lipid 
categories. No significant differences were observed in fasting 
blood glucose, sex distribution, handgrip strength, or physical 
activity levels across AIP categories (p > 0.05)  

Association of Fat Mass Percentage, Muscle 
Mass Percentage, and Visceral Fat  
with the Atherogenic Index of Plasma  

Figures 1–3 illustrate the associations between selected 
body composition parameters and the Atherogenic Index of 
Plasma (AIP), based on Spearman correlation and linear re-
gression analyses. A significant positive correlation was ob-
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Table 4 continuation. Comparison of Metabolic and Physiological Parameters Across Atherogenic Index of Plasma Categories (n=167)

Variable

Atherogenic Index of Plasma (AIP) Category

p-valueLow Risk  
(<0.11) (n=59)

Medium Risk  
(0.11-0.24) (n=22)

High Risk 
(>0.24) (n=86)

Body Composition

Fat Mass (%) 33.8 (7.3-52.6) 33.25 (9.3-43.6) 36.9 (6.7-53.2)

0.0443*
Underweight 2 (3.4%) 1 (4.5%) 3 (3.5%)

Standard Minus / Plus 26 (44%) 12 (54.6%) 24 (27.9%)

Overweight / Obese 30 (52.5%) 9 (40.9%) 59 (68.6%)

Muscle Mass (%) 62.9 (44.5-87.96) 63.03 (53.1-86.29) 60.2 (43.7-89.9) 0.0633

Visceral fat (index) 5 (1-14.5) 5.5 (1-11) 7.5 (1-20)

0.0003Normal 55 (93.2%) 20 (90.9%) 66 (76.7%)

Risk 4 (6.8%) 2 (9.1%) 20 (23.3%)

Total Body Water (%) 47.3 (21.6-59.8) 48.7 (44.3-58.2) 45.7 (33.2-60.1)

0.0073*Low 16 (27.1%) 2 (9.1%) 42 (48.8%)

Normal 43 (72.9%) 20 (90.9%) 44 (51.2%)

Bone Mass (Kg) 2.3 (1.5-4.2) 2.45 (1.4-3.7) 2.7 (1.6-4.3) 0.0002

Laboratory 

Triglycerides (mg/dL) 56 (32-83) 70..5 (50-108) 104.5 (69-319)

0.0003*
Normal 59 (100%) 22 (100%) 71 (82.6%)

Borderline high 0 0 10 (11.6%)

High 0 0 5 (5.8%)

HDL (mg/dL) 61 (35-85) 50 (35-72) 44 (28-70)

0.0003*Low 7 (11.9%) 7 (31.8%) 53 (61.6%)

Normal 52 (88.1%) 15 (68.2%) 33 (38.4%)

1 Chi Square test; 2 One Way Anova test; 3 Kruskal Wallis test; * significant = p<0.05.
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Figure 1. Scatter Diagram between Fat Mass Percentage and Atherogenic Index of Plasma

Figure 2. Scatter Diagram between Fat Mass Percentage and Atherogenic Index of Plasma



served between fat mass percentage and AIP (r = 0.231,  
p = 0.003), as shown in Figure 1. The linear regression 
model (y = 0.08 + 0.0044x) indicates that an increase in fat 
mass percentage is associated with an incremental rise in 
AIP values. 

Figure 2 displays the relationship between muscle mass 
percentage and AIP, demonstrating a significant negative 
correlation (r = –0.219, p = 0.004). The corresponding re-
gression equation (y = 0.51 – 0.00446x) suggests that 
higher muscle mass percentage is associated with lower 
AIP scores. 

In Figure 3, visceral fat exhibits a strong positive correla-
tion with AIP (r = 0.417, p < 0.001). The regression model 
(y = 0.003 + 0.03x) supports a linear trend, indicating that 
increasing visceral fat levels correspond with elevated AIP 
values. These findings highlight the relevance of adiposity 
and muscle composition in modulating atherogenic risk.  

Table 5 displays the results of a multiple linear regression 
analysis using the backward elimination method to identify sig-
nificant predictors of the Atherogenic Index of Plasma (AIP) 
based on selected body composition variables. 

The initial model (Model 1) included four predictors: bone 
mass, total body water, waist circumference, and visceral fat. 

This model explained 19.5% of the variance in AIP (R² = 0.195; 
Adj. R² = 0.175), although none of the variables reached sta-
tistical significance (p > 0.05). Visceral fat showed the strongest 
effect among the predictors (β = 0.227, p = 0.124), while total 
body water had minimal contribution (β = –0.039, p = 0.678). 

Following the backward method, total body water was re-
moved in Model 2, resulting in a slightly improved adjusted 
R² of 0.179. Visceral fat remained the most influential pre-
dictor (β = 0.253) and approached statistical significance  
(p = 0.057), whereas bone mass and waist circumference 
remained non-significant. 

In Model 3, bone mass was eliminated. Visceral fat became 
a statistically significant predictor (p = 0.022), with a stan-
dardized beta of 0.289, while waist circumference remained 
non-significant. The model accounted for 19.0% of the vari-
ance (Adj. R² = 0.180). 

The final model (Model 4) retained only visceral fat, 
which emerged as a significant independent predictor of 
AIP (p < 0.001). This model explained 17.7% of the varia-
tion in AIP (Adj. R² = 0.177), with a standardized beta co-
efficient of 0.426. The variance inflation factor (VIF) values 
across all models remained below the multicollinearity 
threshold. 
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Figure 3. Scatter Diagram between Visceral Fat and Atherogenic Index of Plasma



DISCUSSION 

Sex-Based Differences in Body Composition  
and Visceral Fat Accumulation: A Comparative 
Analysis 

Sex-based disparities in human body composition have 
been extensively documented in the literature and are pri-
marily attributed to physiological, hormonal, and evolution-
ary influences. The present findings, indicating that females 
exhibit significantly higher fat mass percentages and lower 
muscle mass compared to males, are consistent with es-
tablished patterns of sexual dimorphism. These differences 
are largely driven by the influence of sex hormones, partic-
ularly estrogen, which promotes the accumulation of adi-
pose tissue, predominantly in subcutaneous regions. This 
pattern of fat deposition is considered evolutionarily adap-
tive, supporting reproductive and metabolic demands asso-
ciated with pregnancy and lactation. As noted by Wells 
(2007), the emergence of sex-based differences in fat dis-
tribution be-comes especially prominent during puberty, 
with hormonal shifts playing a pivotal role in determining 
regional adiposity19. The emergence of sex-based differ-
ences in fat distribution becomes especially prominent dur-
ing puberty, driven by hormonal shifts that influence re-
gional adiposity. 

In contrast, males tend to possess greater skeletal muscle 
mass, total body water (TBW), and bone mineral content, dif-
ferences that can be attributed to the anabolic effects of an-
drogens such as testosterone. Testosterone facilitates protein 
synthesis and increases lean tissue development, contributing 

to higher muscle mass and, consequently, elevated TBW due 
to the water-rich nature of muscle tissue. The study con-
ducted by Janssen et al. (2000) provides robust evidence sup-
porting this observation, demonstrating that males exhibit 
significantly greater absolute skeletal muscle mass compared 
to females across a wide age range20. 

Despite well-documented sex-based differences in total 
body fat, muscle mass, and bone density, evidence suggests 
that the pathogenic potential of visceral adipose tissue (VAT) 
may be comparable between men and women. Kuk et al. 
(2006) demonstrated that visceral fat is an independent pre-
dictor of all-cause mortality in men, even after adjusting for 
subcutaneous fat, liver fat, and waist circumference21. This 
finding underscores the uniquely deleterious role of VAT, 
which is more metabolically active and pro-inflammatory than 
subcutaneous fat and is closely linked to insulin resistance, 
dyslipidemia, and increased cardiometabolic risk. 

Complementary findings from Yang et al. (2021) further il-
luminate the role of regional adiposity in metabolic health 
across sexes. Using dual-energy X-ray absorptiometry (DXA) 
in a cohort of overweight and obese Chinese adults, the au-
thors found that although women exhibited higher total body 
fat and central fat percentages, central fat was significantly 
associated with clustered cardiometabolic risk in both sexes. 
Notably, the odds of exhibiting multiple cardiometabolic risk 
factors associated with a one standard deviation increase in 
central fat were comparable, or even greater, in men than in 
women. These associations remained significant after con-
trolling for total body fat and relevant lifestyle factors22. 
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Table 5. Multiple Linear Regression Analysis

Model Predictors R² Adj. R² B (Unstandardized) Sig. Beta (Standardized) VIF

1

Bone Mass

0.195 0.175

0.048 0.352 0.110 2.778

Total Body Water –0.002 0.678 –0.039 1.785

Waist Circumference 0.003 0.931 0.124 3.587

Visceral Fat 0.016 0.124 0.227 4.346

2

Bone Mass

0.194 0.179

0.037 0.402 0.086 2.097

Waist Circumference 0.003 0.295 0.137 3.412

Visceral Fat 0.018 0.057 0.253 3.531

3
Waist Circumference

0.190 0.180
0.003 0.187 0.166 3.168

Visceral Fat 0.021 0.022* 0.289 3.168

4 Visceral Fat 0.182 0.177 0.031 0.000* 0.426 1.000

* significance = p<0,05.



Taken together, these findings suggest that while body 
composition differs between sexes, central fat accumulation 
confers similar or even heightened cardiometabolic risk in 
men compared to women. The absence of a significant pro-
tective effect in either sex reinforces the notion that both 
men and women are susceptible to VAT-related metabolic 
dysfunction under conditions of positive energy balance 
and obesity. 

In conclusion, the observed body composition differences 
between sexes—namely, higher fat mass in females and 
greater lean and skeletal mass in males—are consistent with 
established physiological norms. However, the lack of signifi-
cant variation in visceral fat distribution highlights a critical 
area of shared risk between sexes in the context of obesity. 
These findings underscore the importance of focusing on vis-
ceral adiposity as a primary determinant of metabolic health, 
irrespective of sex, and suggest that both males and females 
may benefit equally from interventions targeting abdominal 
obesity. 

Atherogenic Risk Profile and Fat Distribution: 
Insights from the Atherogenic Index  
of Plasma (AIP) 

The Atherogenic Index of Plasma (AIP), calculated as the 
base-10 logarithm of the ratio between triglycerides (TG) and 
high-density lipoprotein cholesterol (HDL-C), has emerged as 
a robust and practical marker in assessing cardiovascular and 
metabolic risk. More than a reflection of dyslipidemia, AIP 
captures the atherogenic potential of lipoprotein subtypes 
and has shown strong associations with central obesity, in-
sulin resistance, and cardiovascular events23. A growing body 
of evidence supports the relationship between elevated AIP 
and visceral fat accumulation. In a large-scale cross-sectional 
study, Shen et al. (2018) demonstrated a linear correlation 
between AIP and waist circumference (WC), where a 1 cm in-
crease in WC corresponded to a 0.0175 rise in AIP. Their find-
ings revealed significantly higher AIP levels among individuals 
with abdominal obesity compared to those with normal WC, 
suggesting that AIP effectively reflects visceral fat burden24. 
Hwang et al. (2016) further substantiated this by showing in 
a five-year longitudinal cohort of Japanese Americans that 
both baseline visceral adipose tissue (VAT) and its progres-
sion were independently associated with future development 
of atherogenic dyslipidemia, whereas subcutaneous adipose 
tissue (SAT) showed no such link. These observations under-
score the unique metabolic role of VAT in disrupting lipid 
homeostasis and increasing cardiometabolic risk5. 

The predictive power of AIP extends beyond fat distribu-
tion to its association with subclinical atherosclerosis and 
coronary artery disease (CAD). In an observational study 
involving over 6,900 subjects, Won et al. (2020) reported 
that higher AIP quartiles were independently associated 
with advanced coronary pathology, including elevated coro-

nary artery calcium scores (CACS >100) and obstructive 
coronary plaques, even after adjusting for age, sex, hyper-
tension, diabetes, and dyslipidemia23. Complementing 
these findings, Cai et al. (2017) confirmed that AIP was the 
lipid parameter most strongly associated with CAD in a 
large Chinese Han population, outperforming other tradi-
tional lipid markers and ratios. The study also highlighted 
AIP’s inverse correlation with HDL-C and positive correlation 
with TG, total cholesterol (TC), and low-density lipoprotein 
cholesterol (LDL-C), further reinforcing its clinical value7. 

AIP also correlates with the presence of small dense LDL 
(sdLDL) particles, known to be more atherogenic due to 
their enhanced ability to penetrate arterial walls and un-
dergo oxidation. While direct sdLDL measurement is expen-
sive and technically demanding, AIP serves as a simple and 
economical proxy, making it highly applicable in routine 
clinical practice24. Moreover, in the context of diabetes, 
Hulkoti et al. (2022) evaluated the Visceral Adiposity Index 
(VAI), a composite index based on WC, BMI, TG, and  
HDL-C that shares conceptual overlap with AIP, and demon-
strated that higher VAI levels were significantly associated 
with microvascular complications such as retinopathy, 
nephropathy, and neuropathy in patients with type 2 dia-
betes mellitus (T2DM). AIP showed stronger predictive 
value for these complications than BMI or WC alone, em-
phasizing its utility in identifying high-risk diabetic pa-
tients25. These findings highlight the relevance of AIP in re-
flecting visceral fat-related risk and suggest that monitoring 
and managing abdominal obesity could be beneficial across 
diverse populations. 

Predictors of AIP: Visceral Fat as a Key 
Determinant 

In the present study, multiple linear regression analysis us-
ing backward elimination identified visceral fat as the sole sta-
tistically significant independent predictor of the Atherogenic 
Index of Plasma (AIP) in the final model. This outcome pro-
vides compelling evidence that visceral adiposity plays a cen-
tral and independent role in modulating lipid-derived cardio-
vascular risk, beyond the contributions of general obesity or 
anthropometric surrogates such as waist circumference. 

Although waist circumference (WC) is widely used as a 
proxy for abdominal fat accumulation, it has clear limitations, 
chiefly, its inability to differentiate between subcutaneous and 
visceral compartments of abdominal fat. Shen et al. (2018) 
found that individuals with abdominal obesity had significantly 
higher AIP levels, and that AIP increased linearly with WC, 
highlighting a relationship between central adiposity and dys-
lipidemia24. However, they also emphasized that AIP serves as 
a more specific indicator of visceral obesity than WC alone 

Further, Zhou et al. (2018) demonstrated that among var-
ious adiposity indices, visceral fat markers—such as the 
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Visceral Adiposity Index (VAI) and Lipid Accumulation 
Product (LAP)—were more strongly associated with AIP than 
BMI or WC, especially in lean hemodialysis patients. These 
associations remained significant even after adjusting for 
BMI, suggesting that visceral fat provides unique insight into 
lipid atherogenicity independent of general adiposity6. This 
finding aligns with Guo et al. (2020), who identified AIP as a 
powerful independent risk factor for coronary artery disease 
(CAD) in postmenopausal women, even after adjusting for 
age, BMI, smoking, hypertension, diabetes, and family his-
tory. AIP was significantly correlated with other non-tradi-
tional lipid parameters but remained independent of age and 
BMI, highlighting its relevance as a biomarker in populations 
at cardiovascular risk26. 

Building upon this evidence, a recent prospective cohort 
study by Hu et al. (2025) demonstrated that AIP was posi-
tively associated with cardiovascular disease (CVD) risk 
across the spectrum of Cardiovascular–Kidney–Metabolic 
(CKM) syndrome stages 0–3. Importantly, the authors found 
that metabolic syndrome partially mediated this relationship, 
implicating visceral adiposity as a central mechanism linking 
dyslipidemia to cardiovascular outcomes27. These findings 
emphasize the importance of AIP as a marker of visceral fat-
related cardiovascular risk and support the need for targeted 
strategies to reduce abdominal obesity in both clinical and 
public health settings. 

Muscle Mass and Cardiovascular Risk:  
An Inverse Relationship with Atherogenic Index 
of Plasma 

The inverse association observed between muscle mass 
percentage and the Atherogenic Index of Plasma (AIP) sug-
gests that increased skeletal muscle mass may confer a car-
dioprotective effect, particularly through modulation of lipid 
metabolism. This finding aligns with growing evidence that 
skeletal muscle acts as a critical regulator of systemic meta-
bolic health, beyond its mechanical function. 

Muscle, particularly skeletal muscle serves as the primary 
site for insulin-mediated glucose disposal and is increasingly 
recognized as a secretory organ through the release of 
myokines, molecules that exert beneficial effects on glucose 
and lipid metabolism28. Sarcopenia, or low muscle mass, has 
been consistently linked to increased insulin resistance, which 
in turn is a well-established contributor to atherogenic dys-
lipidemia, a key component of the metabolic syndrome28. 

Kim and Park (2018) demonstrated that individuals with 
high muscle and low fat mass exhibited significantly lower in-
sulin resistance compared to those with low muscle/high fat 
mass, underscoring the metabolic advantages of lean body 
composition29. In a large-scale cross-sectional study of 
Korean adults, Kim and Park found that the protective effects 
of high muscle mass were negated when fat mass was con-

currently elevated. This interaction highlights the complex in-
terplay between muscle and fat in determining cardiovascular 
risk. Their analysis revealed that while high muscle mass was 
associated with reduced insulin resistance (p < 0.001), the 
presence of high fat mass led to a significantly increased in-
cidence rate ratio (IRR) for metabolic syndrome—even in in-
dividuals with substantial muscle mass29. 

Similar patterns were observed in the prospective cohort 
study by Yamada et al. (2022), which followed Japanese 
women over seven years. This study reported that low rela-
tive muscle mass (as measured by ALM/Wt) significantly pre-
dicted the development of metabolic syndrome (adjusted haz-
ard ratio = 5.60, 95% CI: 1.04–30.0), whereas absolute 
muscle mass alone was not predictive once fat mass was ac-
counted for30. These results reinforce the importance of eval-
uating muscle quality in the context of body fat distribution 
when assessing cardiovascular risk. These findings highlight 
the relevance of AIP as a marker of lipid-related cardiovascu-
lar risk and support the promotion of strategies to enhance 
muscle mass as a modifiable protective factor in cardiometa-
bolic health. 

CONCLUSION 

The discussion underscores the clear sex-based differences 
in body composition—females typically have higher fat mass 
while males have greater muscle and bone mass—driven 
largely by hormonal and evolutionary factors. Despite these 
disparities, visceral adipose tissue (VAT) poses a shared car-
diometabolic risk for both sexes, as evidenced by its strong 
association with the Atherogenic Index of Plasma (AIP), a re-
liable marker of lipid-related cardiovascular risk. Importantly, 
VAT’s metabolic activity and its influence on dyslipidemia, in-
sulin resistance, and cardiovascular disease highlight its crit-
ical role in determining health outcomes, regardless of gen-
der. Additionally, the protective influence of skeletal muscle 
mass, particularly when not accompanied by excessive fat, 
reveals the complex interplay between muscle and fat in 
metabolic regulation.  

RECOMMENDATION 

In light of the findings, clinical and public health strategies 
should prioritize the reduction of visceral fat accumulation 
through targeted interventions such as dietary management, 
physical activity, and lifestyle modifications that emphasize 
both fat reduction and muscle preservation. Regular monitor-
ing of AIP can serve as a practical, cost-effective screening 
tool to identify individuals at elevated cardiometabolic risk, 
enabling early preventive measures. Moreover, muscle-
strengthening exercises should be promoted, not only to build 
lean mass but also to counteract the adverse metabolic ef-
fects of central obesity, especially in populations vulnerable to 
sarcopenia or metabolic syndrome.  
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