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Abstract

Background:

This study aimed to explore the associations between various anthropometric indices—a body shape
index, body roundness index, and body mass Index —and the prevalence of carotid plaque in a Lithuanian
primary prevention population

Methods:

Data were obtained from a national cardiovascular disease prevention program, including men aged 40—
54 years and women aged 50-64 years. After exclusions, 6,718 individuals were analyzed. Carotid
ultrasound was performed to assess plaque presence. ABSI and BRI were categorized into quartiles,
while BMI was grouped according to standard clinical categories. Analyses were performed separately
for males and females.

Results:

In males, significant associations were observed between carotid plaque prevalence and ABSI (P =
0.011) and BRI (P = 0.047). The relationship for ABSI was non-linear, with the highest plaque prevalence
in Q4 (50.2%), but also elevated prevalence observed in Q1 (44.4%). Similarly, BRI demonstrated an
inverse pattern, with the highest plaque prevalence observed in Q1 (49.9%). BMI showed a significant
inverse association, with the highest plaque prevalence observed among normal-weight individuals
(56.3%).

In females, only BMI was significantly associated with plaque prevalence (P<0.001), again with the
highest prevalence observed in the normal-weight group (64.0%). Lower quartiles were characterized by
a higher burden of metabolic abnormalities.

Conclusion:

Anthropometric indices demonstrated complex and non-linear associations with carotid plaque
prevalence, particularly in males. Lower index values were not consistently associated with lower
cardiovascular risk, suggesting that favorable anthropometric profiles may mask underlying metabolic
impairment. These findings highlight the importance of comprehensive cardiovascular risk assessment
beyond traditional body composition measures.

Introduction

Despite improvements in recent years, cardiovascular (CV) diseases remain the leading cause of death
worldwide. Atherosclerosis is a complex chronic disease and is considered one of the most important
preventable causes of ischaemic stroke. The earliest structural abnormality indicative of carotid artery
atherosclerosis is an increase in intima-media thickness (IMT). Obesity is a well-established risk factor
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for atherosclerosis and cardiovascular disease, particularly due to the metabolic activity of visceral
adipose tissue (4, 5). The release of fatty acids and cytokines from adipose tissue into the circulation is
the most widely accepted explanation for the association between abdominal fat and the development
of carotid atherosclerosis.sis (7).

Detecting atherosclerosis in asymptomatic individuals using various strategies helps predict and prevent
future CV events. Carotid ultrasound has been suggested as a potential technique to assist in CV risk
stratification, as it is a safe, low-cost, and commonly available method that directly evaluates arterial
atherosclerosis. Multiple previous studies have demonstrated that carotid IMT and carotid plaques are
associated with the incidence of CV events and with CV risk factors..

Traditionally, anthropometric measures such as body mass index (BMI), waist circumference (WC), and
waist-to-hip ratio (WHR) have been used in clinical practice to assess obesity-related risk (11). However,
these indices have important limitations, as they do not adequately reflect fat distribution or distinguish
between metabolically healthy and unhealthy phenotypes.

In recent years, novel anthropometric indices, including the A Body Shape Index (ABSI) and the Body
Roundness Index (BRI), have been proposed as more precise markers of body fat distribution and
cardiometabolic risk (11-14). These indices have been linked to metabolic syndrome and cardiovascular
outcomes across diverse populations. However, their relationship with subclinical atherosclerosis,
particularly carotid plaque formation, remains inconsistent and incompletely understood.

Importantly, emerging evidence suggests that the relationship between anthropometric indices and
cardiovascular risk may be non-linear, with lower index values not necessarily indicating lower risk,
potentially due to underlying metabolic impairment or sarcopenia-related phenotypes.

Therefore, this study aimed to investigate associations between ABSI, BRI, and BMI and the prevalence
of carotid plaque in a large Lithuanian primary-prevention population, with a particular focus on potential
non-linear patterns and sex-specific differences.

Methods

The data for this study were drawn from a national Lithuanian ASCVD primary prevention programme.
Our study population comprised men aged 40-54 and women aged 50-64. Individuals with a history of
major cardiovascular events, including myocardial infarction or stroke, were excluded. Participants who
were unable to undergo carotid ultrasound or had missing data for key variables, such as waist
circumference, height, or weight, were also excluded from the analysis.

After applying these criteria, the study sample consisted of 6,718 individuals, including 3,886 females.

Data Collection: All patients participating in the Lithuanian national ASCVD primary prevention

programme undergo a Duplex Doppler ultrasonographic examination of the carotid arteries as part of

their screening. A patient was classified as having carotid plaque if any carotid artery showed localized
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arterial wall thickening exceeding 1.5 mm, or if the intima-media thickness was more than 50% greater
than that of the adjacent vessel segment. During the same visit, patients had their weight, height, and
waist circumference measured, their smoking status assessed, and blood samples collected for testing.
Waist circumference was measured in centimetres (cm) around the smallest area below the rib cage and
above the belly button.

Weight, height, and waist circumference were used to calculate ABSI, BRI, and BMI. The indices were
computed using the following formulas:

(=)
1) BRI = 364.2 — 365.5 x (1-( i 2))
(0.5x Height(m))

2) ABSI = WC / BMI ?/3 * Height *

4) BMI = weight(kg)/height (cm)?

Participants were categorised into quartiles based on their BRI and ABSI scores. For BMI analysis,
individuals were grouped into four categories: 18.5-25, 25-30, 30-35, and 35 or higher. These quartiles
were then examined for statistically significant differences in the prevalence of carotid atherosclerotic
plaque. Separate analyses were conducted for the female and male populations.

Statistical Analysis:

Statistical analysis was performed using R software (version 4.4.2). Continuous variables are presented
as means with standard deviations (SD), while categorical variables are expressed as percentages.
Participants were categorised into sex-specific quartiles based on ABSI and BRI values, while BMI was
analysed using predefined categories (18.5-25, 25-30, 30—-35, and = 35 kg/m?). The prevalence of
carotid plaque was compared across these groups.

Analyses were conducted separately for male and female populations. A P-value of less than 0.05 was
considered statistically significant.

Results

Baseline characteristics

The median age of the study population was 52.9 years. Due to differing inclusion criteria, females were
older than males (57.1 vs. 47.2 years). Females comprised 57.8% of the cohort.

Hypertension was highly prevalent (93%), and 17.7% of participants had diabetes mellitus. Smoking was
reported by 28.6% of participants. Carotid plaque was detected in 49.1% of the overall population, with a
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higher prevalence in females than in males (52.0% vs. 45.2%). Detailed clinical and biochemical
characteristics are presented in Table 1

Clinical and Biochemical ChaTrgg!tZr}stics of the Study Population

Total Female Male P

N=6718 N = 3886 N = 2832
Age, year 52.9 (6.50) 57.1(4.28) 47.2 (4.33) <0.001
Hypertension 93% 94.5% 91.0% <0.001
Diabetes 17.7% 20.1% 14.5% <0.001
Smoking 28.6% 17% 44.6 <0.001
Total cholesterol, mmol/I 6.27 (1.36) 6.40 (1.35) 6.09 (1.36) <0.001
LDL-Cholesterol, mmol/I 4.04 (1.17) 4.19 (1.18) 3.83(1.11) <0.001
HDL-Cholesterol, mmol/I 1.20 (0.30) 1.30 (0.29) 1.06 (0.25) <0.001
Triglycerides, mmol/I 2.30 (2.21) 1.97 (1.20) 2.74 (3.04) <0.001
Fasting glucose, mmol/I 6.37 (1.49) 6.37 (1.50) 6.37 (1.49) 0.843
CRP, mg/I 3.07 (3.72) 3.31(3.80) 2.75(3.58) <0.001
Creatinine, mmol/I 11.4 (5.98) 9.41 (5.02) 14.0(6.16) <0.001
LDL-cholesterol — low density lipoprotein cholesterol, HDL- cholesterol - low density lipoprotein
cholesterol, CRP - C reactive protein

Association of ABSI and Carotid Plaque:

The male population was divided into ABSI quartiles as follows: Q1 (0.064-0.078), Q2 (0.078-0.081), Q3
(0.081-0.084), and Q4 (0.084-0.105). Meanwhile, the female population was categorised into ABSI
quartiles as follows: Q1 (0.048-0.076), Q2 (0.076-0.079), Q3 (0.079-0.083), and Q4 (0.083-0.105).

In males, a statistically significant difference in carotid plaque prevalence was observed across ABSI
quartiles (P =0.011). The highest prevalence was in Q4 (50.2%), while the lowest was in Q2 (41.5%). The
relationship was non-linear, with plaque prevalence also higher in Q1 than in Q2 (44.4% vs 41.5%).

In females, no statistically significant differences in carotid plaque prevalence were observed across
ABSI quartiles (P = 0.457) (Table 2).
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Table 2
Prevalence of carotid plaque across anthropometric indices quartiles

ABSI Q1 Q2 Q3 Q4 p

Carotid plaque (Males) 44.4% 41.5% 45.0% 50.2% 0.011
Carotid plaque (Females) 49.9% 51.8% 53.2% 53.0% 0.457
BRI

Carotid plaque (Males) 49.6% 43.9% 441% 43.0% 0.047
Carotid plaque (Females) 54.8% 52.6% 50.0% 50.2% 0.110

ABSI - a body shape index, BRI — body roundness index,

Association of BRI and Carotid Plaque:

The male population was grouped into BRI quartiles: Q1 (2.1-4.8), Q2 (4.81-5.5), Q3 (5.51-6.3), and Q4
(6.31-12.8). For females, quartiles were Q1 (1.5-5), Q2 (5.01-6), Q3 (6.01-7), and Q4 (7.01-15.1).

In males, carotid plaque prevalence differed significantly across BRI quartiles (P = 0.047). The highest
prevalence was observed in Q1 (49.6%), whereas the prevalence in Q2—Q4 was relatively similar (43.9%,
44.1%, and 43.0%, respectively).

In females, a similar distribution was observed, with the highest prevalence in Q1 (54.8%); however, the
differences were not statistically significant (P =0.110) (Table 2).

Association of BMI and Carotid Plaque:

Significant differences in carotid plaque prevalence were observed across BMI categories in both males
(P =0.003) and females (P < 0.001).

In males, the highest prevalence was observed in the normal-weight group (56.3%), with prevalence
decreasing across overweight (49.2%), obese (43.5%), and severely obese individuals (41.4%).

A similar trend was observed among females, with the highest prevalence in normal-weight individuals
(64.0%), followed by overweight (53.6%), obese (53.2%), and severely obese participants (46.3%)
(Table 3).
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Table 3
Prevalence of carotid plaque in different BMI groups

BMI p

<25 25-30 30-35 >35

Carotid plaque (Males) 56.3% 49.2% 43.5% 41.4% 0.003
Carotid plaque (Females) 64.0% 53.6% 53.2% 46.3% <0.001

BMI — body mass index

Association between anthropometric indices and carotid plaques

Three of the four indices (ABSI, BRI, BMI) showed statistically significant differences in carotid plaque
prevalence among the male population. BRI and BMI displayed paradoxical trends: the lower quartiles,
typically associated with healthier individuals, had higher prevalence rates. By contrast, ABSI followed
the expected pattern, with Q4 showing the highest prevalence (50.2%). However, the relationship was not
linear, as Q1 (44.4%) had a higher prevalence than Q2 (41.5%).

Among the female population, only BMI showed statistically significant differences, with normal-weight
individuals exhibiting the highest plaque prevalence (64%), a paradoxical finding. Among the indices
analysed, only ABSI showed an expected increase in carotid plaque prevalence across higher quartiles,
though this trend was not statistically significant. All the analysed body indices (ABSI, BRI) showed
statistically significant differences between male and female populations. This is demonstrated in
Table 4.

Table 4
Average anthropometric indices in male and female populations
Total Female Male p.overall
N=6718 N = 3886 N = 2832
WC 105 (10.4) 102 (10.3) 109 (9.28) <0.001
BMI 31.9 (4.40) 32.1(4.72) 31.7 (3.90) <0.001

ABSI  0.08 (0.0049) 0.079 (0.0052) 0.081(0.0041)  <0.001
BRI  5.93(1.47) 6.13 (1.57) 5.66 (1.26) <0.001

ABSI - a body shape index, BMI — body mass index, BRI — body roundness index, WC — waist
circumference.

Metabolic impairment and carotid plaques
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Within ABSI quartiles, individuals in Q1 had higher rates of elevated triglycerides (79.5% vs. 72.3%), low
HDL-cholesterol (63.2% vs. 60.3%), elevated fasting glucose (83.1% vs. 78.1%), and hypertension (97.1%
vs. 95.4%) than those in Q2. BRI quartiles showed similar trends. The high prevalence of carotid plaques
in Q1 may result from sarcopenia-related metabolic impairment.

Discussion

In this study, anthropometric indices—ABSI, BRI, and BMI—were significantly associated with carotid
plaque prevalence, particularly among males. However, these relationships were non-linear and differed
between the sexes. Among the indices evaluated, ABSI showed the most consistent association with
carotid plaque prevalence, whereas BRI and BMI demonstrated more complex patterns.

ABSI is considered a marker of central adiposity and has been shown in previous studies to be more
closely associated with cardiometabolic risk than traditional indices such as BMI (12). In our study, ABSI
demonstrated a statistically significant association with carotid plaque prevalence in males, with the
highest prevalence observed in the highest quartile. This finding supports the hypothesis that central fat
distribution plays a key role in the development of subclinical atherosclerosis.

In contrast, BRI and BMI showed non-linear associations with carotid plaque prevalence. In both indices,
higher plaque prevalence was observed in the lowest categories. For BRI, the highest prevalence in
males was observed in the lowest quartile, while BMI demonstrated the highest plaque prevalence in
normal-weight individuals in both sexes. These findings indicate that lower anthropometric values were
not consistently associated with lower cardiovascular risk.

One possible explanation for these findings is the presence of underlying metabolic impairment in
individuals with lower anthropometric indices. In our study, lower quartiles of ABSI and BRI were
characterized by a higher prevalence of metabolic abnormalities, including elevated triglycerides, low
HDL-cholesterol, elevated fasting glucose, and hypertension. This suggests that individuals in these
groups may represent a metabolically unfavorable phenotype despite having lower body size
measurements.

These results highlight the limitations of traditional and simplified anthropometric measures in
cardiovascular risk assessment. While indices such as BMI and BRI are commonly associated with
obesity-related risk, they may fail to capture important aspects of body composition and metabolic
status. In contrast, ABSI may better reflect the distribution of visceral adiposity and its impact on
vascular health.

Sex-specific differences were also observed in our study. Significant associations between
anthropometric indices and carotid plaque prevalence were primarily found in males, whereas in females
only BMI showed statistically significant differences. These findings may reflect differences in fat
distribution, hormonal factors, or other biological mechanisms between sexes, which influence the
relationship between body composition and atherosclerosis.
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Our findings have important clinical implications. The observed non-linear associations suggest that
reliance on a single anthropometric measure may be insufficient for accurate cardiovascular risk
stratification. Individuals with apparently favorable anthropometric profiles may still have a substantial
burden of subclinical atherosclerosis, highlighting the need for a more comprehensive evaluation that
includes metabolic factors and imaging when appropriate.

Several limitations of this study should be acknowledged. First, due to the cross-sectional design, causal
relationships cannot be established. Second, the study population consisted of individuals participating
in a national prevention program, which may limit generalizability to other populations. Third, the analysis
was based on anthropometric indices and did not include direct measures of body composition.

Conclusion

This study demonstrates that anthropometric indices—ABSI, BRI, and BMI—are associated with carotid
plague prevalence, particularly in men; however, these relationships are complex and non-linear. Lower
values of these indices were not consistently linked to lower cardiovascular risk.

ABSI showed the most consistent association with carotid plaque, whereas BRI and BMI showed less
predictable patterns. The higher plaque prevalence in lower categories may reflect underlying metabolic
impairment not captured by conventional anthropometric measures.

These findings highlight the limitations of relying solely on body size indices for cardiovascular risk
assessment and underscore the need for a more comprehensive approach that integrates metabolic and
imaging markers.

Abbreviations

ABSI

A body shape index
ASCVD

Atherosclerotic cardiovascular disease
BMI

Body mass index

BRI

Body roundness index
Ccv

Cardiovascular

IMT

Intima—media thickness
WC

Waist circumference
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