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Background: The rising incidence of cardiovascular diseases (CVD) in the elderly

highlights the need for effective preventive strategies. Recent studies suggest

that obesity, through metabolic factors, contributes to the development of

CVD. This study aims to explore how body roundness index (BRI) levels affect

the occurrence of CVD using data from the National Health and Nutrition

Examination Survey (NHANES) (2003–2016), to better understand the role of

obesity in CVD prevention and management.

Methods: The study analyzed data from 3,584 NHANES participants over seven

cycles (2003–2016), dividing them into three groups (T1, T2, T3) based on BRI

values. Univariate and multivariate regression analyses were used to assess the

association between BRI and atherogenic index of plasma (AIP) levels with the

occurrence of CVD. Themediating effect of AIP on BRI andCVDwas also analyzed.

Results: Compared to the lowest tertile of BRI, participants with higher BRI levels

had a higher proportion of females, smokers, drinkers, and individuals with lower

educational attainment. Poverty-income ratio (PIR) and AIP levels were

significantly higher, and the prevalence of CVD was also higher. BRI and AIP

were both independent risk factors for CVD, with AIP having a significant

mediating effect between BRI and CVD.

Conclusion: BRI levels significantly impact the occurrence of CVD through

AIP mediation.

KEYWORDS

body roundness index, atherogenic index of plasma, older adults, cardiovascular

diseases, national health and nutrition examination survey, mediation analysis

Introduction

Cardiovascular diseases (CVD) is one of the major global public health issues. In 2020,

it was estimated that approximately 19 million people worldwide died from CVD, an

18.7% increase from 2010 (1). Age is closely associated with CVD. A study conducted

in 2021 identified three critical age milestones for cardiovascular health: 25–45 years,

45–65 years, and over 65 years. It was noted that individuals over 65 are particularly

vulnerable to cardiovascular risks, which subsequently increases healthcare demand (2).

As populations age, improving cardiovascular health in individuals aged 65 and over
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has become a key research focus in public health. Numerous

studies have identified this age group as high-risk for myocardial

infarction, stroke, and heart failure (3, 4). After experiencing

adverse cardiovascular events, patients may suffer a severe

decline in their quality of life, affecting daily living, social

activities, and mental health. Thus, effectively assessing and

predicting the risk of cardiovascular events in the elderly is

crucial for formulating preventive and treatment strategies.

Research has shown that central obesity is an independent risk

factor for CVD (5). While traditional body mass index (BMI) is

commonly used to assess obesity, it fails to accurately reflect fat

distribution (6), whereas the Body Roundness Index (BRI),

which incorporates height and waist circumference, provides a

more precise evaluation of abdominal fat. It is calculated

using the following formula: BRI = 364.2− 365.5 ×√(1− [Waist

circumference (cm)/2π]2/[0.5 × Height (cm) ]) (7). Compared to

BMI and waist circumference alone, BRI has shown a stronger

correlation with cardiovascular risk (7–9). BRI allows for a more

effective assessment of the risks associated with body fat

distribution in older adults, which plays a key role in

cardiovascular health (10). In parallel, the Atherogenic Index of

Plasma (AIP), which is derived from the ratio of triglyceride

(TG) to high-density lipoprotein cholesterol (HDL-C), has gained

recognition as an important marker of lipid metabolism. AIP is

calculated as: AIP = lg[TG (mmol/L)/HDL-C (mmol/L)] (11).

where TG is the triglyceride level (mg/dl) and HDLC is the high-

density lipoprotein cholesterol level (mg/dl). Triglycerides are a

type of fat found in the blood, and their levels are closely

associated with the presence of small, dense, atherogenic particles

(12). These triglyceride-rich lipoproteins play a significant role in

the development of atherosclerosis. This index reflects the partial

esterification rate of HDL-C and the balance between protective

and atherogenic lipoproteins. A growing body of evidence

supports its association with cardiovascular disease, showing that

AIP provides superior predictive value for CVD outcomes

compared to traditional lipid parameters (13–15). Although BRI

and AIP are independently associated with cardiovascular risk,

the potential mediating role of AIP between BRI and

cardiovascular outcomes in the elderly has not been fully explored.

The novelty of this study lies in its first comprehensive analysis

of the impact of the BRI on CVD risk in elderly individuals using

large-scale data from the NHANES database and further uncovers

the mediating role of the AIP in this relationship. The study

hypothesize that AIP, by reflecting lipid metabolism

abnormalities, amplifies the association between BRI and CVD,

thereby elucidating the underlying mechanisms linking central

obesity to cardiovascular health (Figure 1). This study provides

new insights into early risk assessment and personalized

management strategies for CVD in older adults, addressing gaps

in understanding the synergistic effects of BRI and AIP.

Study population

The Centers for Disease Control and Prevention (CDC)

conducts the National Health and Nutrition Examination Survey

(NHANES) to evaluate the health and dietary habits of the U.S.

population. It employs a detailed, stratified multistage sampling

approach to ensure the data is representative. Each cycle of

NHANES collects extensive information, such as demographic

data, physical measurements, lab results, and food intake (16).

Full details on the datasets are available on http://www.cdc.gov/

nchs/nhanes.html.

The study screened and analyzed data from 2003 to 2016.

Exclusion criteria for this study (1) individuals younger than 65

years of age, (2) individuals without waistline, height, TG and

HDL-C, and (3) individuals lacking necessary covariate records,

such as age, gender, alcohol consumption, smoking status, race,

and education level. A total of 3,584 participants were included

in the study from 2003 to 2016 (Figure 2).

Variables

Sex, Race, Education level, Height, Waist circumference, TG,

HDL-C. Smoking status was determined by the question: “Have

you ever smoked at least 100 cigarettes in your lifetime?”

(SMQ020). Those who smoked fewer than 100 cigarettes were

FIGURE 2

Study flowchart.

FIGURE 1

This study hypothesized that AIP has an intermediate effect between

BRI and CVD. BRI: Body roundness index; AIP: Atherogenic index of

plasma; CVD: Cardiovascular diseases.
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classified as never smokers (17). Alcohol consumption was assessed

using the question: “In any given year, have you had at least 12

alcoholic drinks?” (ALQ101) (18). Individuals responding “Yes”

to this question were classified as alcohol consumers.

Cardiovascular disease (CVD) diagnoses were self-reported

through a questionnaire for heart failure (MCQ160b), coronary

heart disease (MCQ160c), angina (MCQ160d), heart attack

(MCQ160e), and stroke (MCQ160f). These conditions were

collectively defined as cardiovascular diseases. This study used in

the data is available at http://www.cdc.gov/nchs/nhanes.html.

Statistical analysis

Statistical analyses were performed using R 4.3.1. Categorical

data were described as n (%), and continuous variables were

described as mean ± standard deviation (x ± s). Univariate and

multivariate regression analyses were conducted to assess

correlations, and a mediation model was constructed to estimate

the direct, indirect, and total effects of pathways. Adjusted 95%

confidence intervals (CI) were calculated. An effect was

considered statistically significant if the 95% CI did not include

0, with a significance level of P < 0.05.

Results

Participant characteristics

The baseline characteristics of participants across different BRI

tertiles are shown. BRI values were 9.45 ± 1.43 in T1, 12.85 ± 0.87

in T2, and 17.84 ± 3.07 in T3. Compared to the lower BRI

groups, participants with higher BRI were more likely to be

female, smokers, drinkers, and had lower education levels

(P < 0.05). Additionally, those in higher tertiles had significantly

higher levels of TG, AIP and lower HDLC levels, with a higher

prevalence of a history of cardiovascular events (P < 0.05) (Table 1).

BRI and cardiovascular disease

Factors that could influence cardiovascular events from

baseline data were included in the regression equation to control

for confounders. Model 1 was unadjusted for confounding

factors, while Model 2 adjusted for sex, race, and education level.

Model 3 further adjusted for poverty index, smoking, and alcohol

history (Table 2). BRI was identified as a risk factor for CVD

(OR = 1.005, 95% CI: 1.002–1.009, P < 0.001).

AIP and cardiovascular disease

Factors that could influence cardiovascular events from baseline

data were included in the regression equation to control for

confounders. Model 1 was unadjusted for confounding factors,

while Model 2 adjusted for sex, race, and education level. Model 3

further adjusted for poverty index, smoking, alcohol consumption

history, and BRI (Table 3). AIP was found to be an independent

risk factor for CVD (OR = 1.027, 95% CI: 1.005–1.050, P < 0.001).

Mediation analysis

To validate the robustness of the study findings, demographic

variables were adjusted in the mediation analysis. The results

showed a significant direct effect of BRI on the incidence of

cardiovascular disease (P = 0.004). Additionally, AIP, acting as a

mediator, demonstrated a significant indirect effect (P = 0.034),

further strengthening the association between BRI and

cardiovascular disease (Figure 3).

Discussion

CVD is closely related to the quality of life of patients, which

not only damages the physical function and sleep quality of

patients, but also aggravates the feeling of loneliness of patients,

and brings fatigue and lack of sleep to the family members

(19–21). With advances in diagnosis and treatment technology,

the prognosis of cardiovascular disease has been sufficiently

improved, but according to one study, the average annual costs

of cardiovascular disease in the U.S. in 2017–2018 were

estimated at $378 billion, and predicted that the pressure of

cardiovascular disease on the social health care system will

continue to increase in 2025–2050. This is mainly driven by the

ageing of the global population (22–25). At the same time,

studies have pointed out that elderly people over 65 years old are

generally faced with cardiovascular risk and are at high risk of

CVD (2). Therefore, it is particularly important to formulate

scientific and reasonable prevention and treatment strategies for

this kind of elderly population to improve people’s happiness

index and reduce social medical burden.

Obesity is a well-established independent risk factor for CVD

and has traditionally been assessed using body mass index

(BMI). However, recent research in 2024 highlights the

limitations of BMI, as it does not accurately reflect visceral fat

thickness or differentiate between muscle and fat mass.

Abdominal fat, particularly visceral fat surrounding key organs

such as the liver, has been identified as a stronger predictor of

CVD than BMI (26). The BRI, which incorporates both height

and waist circumference, provides a more precise assessment of

abdominal fat and has shown a stronger correlation with CVD

incidence. Researchs have also shown that BRI exhibits superior

discriminatory power in assessing metabolic disease risk,

particularly when accounting for gender differences, compared

to traditional measures such as BMI and waist circumference

(7–9, 27). Additionally, the relationship between obesity and

CVD is partially mediated by the triglyceride-glucose (TyG)

index, indicating that metabolic factors play a role in obesity-

related CVD risk (28). Lipid metabolism is a crucial component

of cardiovascular risk, and the AIP, a composite lipid marker,

offers a more comprehensive evaluation of lipid status, AIP has
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shown superior predictive ability for CVD compared to individual

lipid parameters and is also associated with BRI, suggesting a

potential interrelationship between these two indices in the

context of cardiovascular health (13–15, 29). Both BRI and AIP

are independent markers of metabolic disturbances, with higher

levels of BRI reflecting increased central obesity and a greater

risk of CVD. Similarly, elevated AIP values, which represent an

imbalance in lipid metabolism, have been linked to an increased

risk of atherosclerosis and cardiovascular events. However, we

recognize that HDL-C is a highly heterogeneous molecule, and

its concentration may not fully reflect the patient’s lipid profile,

especially if influenced by oxidative stress and inflammation,

which can modify HDL-C and its functionality (30, 31). Despite

these complexities, previous studies have established AIP,

calculated as the ratio of TG to HDL-C, as an important marker

for cardiovascular risk (32, 33). Given that both BRI and AIP are

TABLE 2 Association between BRI and CVD.

Model Variable OR 95%CI P

Model 1 BRI 1.007 1.003 – 1.011 <0.001

Model 2 BRI 1.008 1.005 – 1.012 <0.001

Model 3 BRI 1.005 1.002 – 1.009 <0.001

Model 1 represents the unadjusted analysis; Model 2 is adjusted for sex, race, and education

level; Model 3 is adjusted for sex, race, education level, PIR, smoking history, and alcohol

consumption history. PIR, ratio of family income to poverty; BRI, body roundness index;

OR, odds ratio; 95%CI, 95% confidence interval.

TABLE 1 Characteristics of the study participants (N = 3,584).

Characteristics Tertiles of BRI P

T1(N= 1,195) T2(N= 1,195) T3(N = 1,194)

BRI 9.45 ± 1.43 12.85 ± 0.87 17.84 ± 3.07 <0.001

Age, years 73.41 ± 5.51 73.21 ± 5.37 72.79 ± 5.18 0.016

Sex (%)

Female 526 (44.0%) 534 (44.7%) 734 (61.5%) <0.001

Male 669 (56.0%) 661 (55.3%) 460 (38.5%)

Race (%)

Mexican American 67 (5.6%) 128 (10.7%) 157 (13.1%) <0.001

Other Hispanic 93 (7.8%) 149 (12.5%) 173 (14.5%)

Non-Hispanic White 698 (58.4%) 660 (55.2%) 615 (51.5%)

Non-Hispanic Black 310 (25.9%) 247 (20.7%) 211 (17.7%)

Other/multiracial 27 (2.3%) 11 (0.9%) 38 (3.2%)

Education level, n(%)

Less Than 9th Grade 146 (12.2%) 193 (16.2%) 223 (18.7%) <0.001

9–11th Grade 162 (13.6%) 160 (13.4%) 174 (14.6%)

High School Grad/GED 255 (21.4%) 282 (23.6%) 288 (24.1%)

Some College or AA degree 344 (28.8%) 319 (26.7%) 332 (27.8%)

College Graduate or above 286 (24.0%) 241 (20.2%) 176 (14.8%)

PIR 2.65 ± 1.53 2.49 ± 1.54 2.17 ± 1.46 <0.001

Smoke.group (%)

No 534 (44.7%) 567 (47.4%) 612 (51.3%) 0.005

Yes 661 (55.3%) 628 (52.6%) 582 (48.7%)

alq.group (%)

No 318 (26.6%) 370 (31.0%) 475 (39.8%) <0.001

Yes 877 (73.4%) 825 (69.0%) 719 (60.2%)

BMI, kg/m2 23.79 ± 2.79 28.37 ± 2.55 34.85 ± 4.91 <0.001

Waist circumference, cm 89.79 ± 8.33 102.30 ± 6.56 116.41 ± 10.50 <0.001

Height, cm 167.02 ± 9.72 165.61 ± 9.89 162.47 ± 9.73 <0.001

CVD (%)

NO 896 (75.0%) 890 (74.5%) 837 (70.1%) 0.012

YES 299 (25.0%) 305 (25.5%) 357 (29.9%)

TG, mmol/L 1.36 ± 0.85 1.71 ± 1.07 1.99 ± 1.10 <0.001

HDL-C, mmol/L 1.57 ± 0.48 1.38 ± 0.41 1.30 ± 0.36 <0.001

AIP −0.25 ± 0.71 0.10 ± 0.72 0.33 ± 0.68 <0.001

PIR, ratio of family income to poverty; BRI, body roundness index; BMI, body mass index; CVD, cardiovascular diseases; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; AIP,

atherogenic index of plasma.

TABLE 3 Association between AIP and CVD.

Model Variable OR 95%CI P

Model 1 AIP 1.063 1.042 – 1.030 <0.001

Model 2 AIP 1.056 1.035 – 1.077 <0.001

Model 3 AIP 1.027 1.004 – 1.050 <0.001

Model 1 represents the unadjusted analysis; Model 2 is adjusted for sex, race, and education

level; Model 3 is adjusted for sex, race, education level, PIR, BRI, smoking history, and

alcohol consumption history. PIR, ratio of family income to poverty; BRI, body roundness

index; AIP, atherogenic index of plasma; OR, odds ratio; 95%CI, 95% confidence interval.
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implicated in the pathophysiology of cardiovascular diseases, it

appears that AIP may serve as an intermediary, bridging the

association between BRI and CVD risk.

Using data from the NHANES database, this study provides

robust evidence that the AIP plays a significant biological role in

the pathway linking the BRI to CVD, as supported by

epidemiological analysis. Notably, both BRI and AIP consistently

demonstrated strong associations with CVD across various model

adjustments. Mediation analysis, controlling for demographic

variables, revealed a significant direct effect of BRI on the

incidence of CVD, while AIP exhibited a notable indirect

effect, further reinforcing the relationship between BRI and

CVD. These findings underscore the potential of incorporating

BRI and AIP into clinical practice for more precise

cardiovascular risk stratification, particularly in populations at

higher risk of metabolic and cardiovascular disorders. Early

identification and intervention based on these indices may

improve preventative strategies and optimize patient outcomes.

Future research should focus on longitudinal studies to validate

the causal relationships observed in this cross-sectional analysis.

Additionally, exploring the impact of lifestyle interventions, such

as targeted dietary and physical activity programs, on modulating

BRI and AIP could provide actionable insights for reducing

cardiovascular risk. Integrating these indices into personalized

risk prediction models may further enhance their clinical utility

and contribute to the development of precision medicine in

cardiovascular care.

Strength

Firstly, it is the first to explore the relationship between the BRI

and the incidence of CVD mediated by the AIP. Secondly, robust

statistical methods were utilized, with thorough adjustments for

confounding variables, to ensure the reliability of the findings.

Thirdly, the analysis was based on data derived from a large-

scale population database, which adhered to rigorous quality

control protocols.

Limitation

This study has several limitations that should be considered

when interpreting the results. First, the cross-sectional design

limits our ability to establish causal relationships between the

BRI and CVD. Additionally, the study only involved a single

measurement of BRI and the Atherogenic Index of Plasma (AIP),

without longitudinal follow-up to assess how changes in these

indices influence CVD outcomes over time. Moreover, important

clinical variables such as the use of medications (e.g.,

antihypertensive agents, statins, anti-hyperglycemic medications,

and anti-platelets) were not included in the analysis, which may

affect the relationship between BRI and CVD. Furthermore, the

study did not gather data on the prevalence of comorbidities

such as diabetes, arterial hypertension, hypercholesterolemia,

obstructive sleep apnea syndrome (OSAS), migraine, or atrial

fibrillation—all of which are known to increase CVD risk,

particularly in a population in primary prevention. Additionally,

we did not account for physical activity levels, which are known

to significantly influence cardiovascular risk. The absence of

these variables could impact the results and their generalizability.

Future studies should incorporate these factors, and we suggest

further exploration of the role of medication use, comorbid

conditions, and lifestyle factors such as physical activity in

modulating the relationship between BRI and CVD.

Conclusion

In this NHANES-based study involving 3,584 participants, we

found that the Body Roundness Index (BRI) is significantly

associated with the occurrence of cardiovascular disease (CVD),

and this relationship is partially mediated by the Atherogenic

Index of Plasma (AIP). Our findings suggest that a reduction in

BRI, particularly in older adults, may contribute to a lower risk

of CVD. Mediation analysis further supported that AIP plays a

significant role in linking BRI to CVD occurrence. These results

underscore the importance of managing lifestyle factors, such as

FIGURE 3

Relationship model among the study variables. ACME: Average Causal Mediation Effect; ADE Average Direct Effect.
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body fat distribution, to mitigate the risk of cardiovascular diseases

in older adults.
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