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Association between body shape index D
and coronary heart disease in individuals over
20 years old with obese
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Abstract

Background While body mass index (BMI) defines obesity as a well-established risk factor for cardiovascular disease,
the paradoxical theory of BMI suggests that obesity may indeed have a favorable impact on the prognosis of
cardiovascular disease. Therefore, this study aims to assess the correlation between body shape index (ABSI), which is
a novel measure of obesity, and coronary heart disease (CHD) among obese individuals in the United States.

Methods The data from the National Health and Nutrition Examination Survey (NHANES) were evaluated by us for
5046 patients. We assessed the exposure variable ABSI, which includes waist circumference (WC), height, and BMI. The
outcome variable was CHD.

Results The cross-sectional study included a total of 5046 obese adults aged over 20 years, with an average age
(standard deviation: SD) of 49.86 (16.24) years and a male proportion of 44.57%.The odds ratio (OR) values for CHD in
Model 1, Model 2, 3 were found to be 2.45 (95%Cl: 2.12,2.83), 1.53 (95%Cl:1.30, 1.81) and 1.31 (95%Cl:1.09, 1.56) per SD
increase in ABSI, respectively. In the fully adjusted model, we designated participants in the T1 group as the reference
group. Our findings indicate a significant increase in the prevalence of CHD (OR:1.82, 95%Cl: 1.07-3.10) only within the
T3 group. Although there is an increased prevalence of CHD (OR:1.32, 95%Cl: 0.77-2.29) in the T2 group, no statistically
significant difference was observed.

Conclusions The increase in ABSI is strongly associated with the rise in CHD prevalence among obese individuals in
the United States.
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Introduction

According to the global report on the burden of isch-
emic heart disease (coronary heart disease) spanning
from 1990 to 2019, it is estimated that in 2019, a stag-
gering 9.14 million individuals succumbed to coronary
heart disease (CHD) worldwide, while an alarming num-
ber of 197 million people were affected by this condition
[1]. However, according to the 2022 statistics on heart
disease and stroke in the United States, heart disease
remains the leading cause of mortality among Ameri-
cans. In 2018, CHD accounted for approximately 12.6%
(360,900 deaths) of all fatalities in the United State [2].
This has imposed a significant social and economic bur-
den on American society, with estimated direct and indi-
rect costs associated with heart disease in the United
States amounting to $228.7 billion annually from 2017 to
2018 [2, 3]. Therefore, it is imperative to continue priori-
tizing the traditional risk factors as the fundamental basis
for primary prevention of CHD. However, researchers
are particularly concerned about the profound impact
of obesity on the burden of CHD in healthy American
adults [4].

Additionally, according to data from the World Health
Organization (WHO), there has been a significant
increase in the prevalence of overweight and obesity,
ranking fifth among global mortality risk factors after
hypertension, smoking, hyperglycemia, and physical
inactivity. In high-income and middle-income countries,
the prevalence of overweight and obesity among adults
has exceeded 50%, making them the third leading cause
of death following hypertension and tobacco use. In the
United States, overweight and obesity are ranked as the
second most preventable causes of mortality after smok-
ing [5]. Since the early 1990s, body mass index (BMI)
has been widely used to classify overweight and obe-
sity as well as investigate associated risks. While it pro-
vides reliable insights into overweight conditions, it does
not differentiate between adipose tissue and lean body
mass [6—8]. Therefore, several studies have reported a
paradoxical association between BMI and cardiovas-
cular disease prognosis, suggesting that a higher BMI is
associated with improved outcomes [9-11]. Hence, the
ongoing debate concerning the reliability of using BMI
as a measure for overweight and obesity, along with the
necessity to develop more inclusive approaches to evalu-
ate the influence of fat content on cardiovascular diseases
in individuals with a BMI>30 kg/ m?, requires immedi-
ate investigation into alternative indicators of obesity
that can outperform BMI. ABSI is an all-encompassing
index that precisely evaluates central obesity by integrat-
ing waist circumference, BMI, and height [12]. Addition-
ally, several studies have demonstrated the independent
predictive value of ABSI for mortality, regardless of BMI
levels [13].

Page 2 of 9

Therefore, we investigated the association between a
novel obesity index called ABSI and CHD in individuals
classified as obese with a BMI of >30 kg/m?

Methods

Study design and population

The analysis utilized publicly available data from the com-
bined 2013-2018 NHANES cycle. NHANES employed
a complex, multi-stage probabilistic sampling design to
obtain a nationally representative sample. The sampling
details are as follows: A multi-stage sampling design is
used. Firstly, the entire country is divided into primary
sampling units (PSUs), typically counties or county-level
independent cities. Then segments are randomly selected
within each PSU. Finally, households and individuals are
randomly selected within each chosen residential area.
Stratified and unequal probability sampling methods are
employed to ensure the representativeness of the sample
in NHANES. The samples are stratified based on demo-
graphic characteristics such as age, gender, and race/
ethnicity to include different groups of people. Different
individuals have varying probabilities of being sampled to
ensure an adequate representation of minority and vul-
nerable groups. The objectives of NHANES are to pro-
vide objective health statistics and address public health
issues that affect the general population. Detailed survey
operating manuals, consent documents, and pamphlets
for each period can be found on the NHANES website at
https://www.cdc.gov/nchs/nhanes/index.htm. The study
design of NHANES was approved by the Institutional
Review Board of the National Center for Health Statis-
tics (NCHS)(approval number: Continuation of Proto-
col #2011-17and Protocol #2018-01), and all participants
provided informed consent.

Between 2013 and 2018, a total of 6,058 obese partici-
pants aged over 20 with complete ABSI and CHD data
were identified. After excluding 1,012 patients with miss-
ing covariates, our final data analysis included 5,046 par-
ticipants. Please refer to Fig. 1 for the detailed flowchart.

Defnition of the exposure and outcome variable

The exposure variable in this study is ABSI, which com-
prises waist circumference (WC), height, and BMI. ABSI
is calculated as WC divided by the square of BMI mul-
tiplied by the square root of height [8]. The outcome
variable, CHD, is assessed through a questionnaire, and
the patients’ CHD status is coded by trained clinicians
according to the International Statistical Classifcation of
Diseases and Related Health Problems, Tenth Revision
(ICD-10) [14, 15] using codes 100-109, 111, and I13 for
initial identification and 120-51 for further confirmation.
Relevant literature has further substantiated the ques-
tionnaire-based collection of CHD diseases in terms of
its accuracy [16].
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6058 obese patients over 20 years old with complete ABSI
and CHD data from 2013 to 2018 NHANES population
Excluded n=1012
Missing data on race, n=580
Missing data on HbAlc, n=176
Missing data on TC, n=56
Missing data on eGFR, n=16
Missing data on Smoke, n=2
Missing data on SBP, n=117
Missing data on DBP, n=11
Missing data on DM, n=54
5046 subjects were analyzed
Tertiles1 Tertile 2 Tertile 3
(<0.080) (0.080-0.084) (>0.084)
n=1682 (n=1682) (n=1682)

Fig. 1 Flow chart of research population

Data collection

Sociodemographic characteristics

The participants reported their age, sex, race (Hispanic,
non-Hispanic White, non-Hispanic Black, other race),
poverty income ratio, current smoking status (no or yes),
disease history, and medication history. Current smokers
were confirmed to smoke every day or several days [17].
Anthropometric indicators include height, weight, waist
circumference (WC), and blood pressure (BP). Body
height and weight were measured without shoes or thick
clothing using a medical scale. WC (cm) was measured
at the level of the umbilicus during normal end expira-
tion while standing, or if the umbilical level was lower
due to visceral fat accumulation, between the costal
margin and iliac crest. BMI, calculated as weight divided
by height squared in kg/m2, was used as an indicator.
Blood pressure measurements were taken using a mer-
cury sphygmomanometer following the standard proto-
col recommended by the American Heart Association
at that time. Three readings were obtained consecutively

from the same arm. Systolic blood pressure and diastolic
blood pressure (DBP) were defined as the average of
these three measurements. Hypertension was defined as
SBP>140 mm Hg and/or DBP>90 mm Hg, or if an indi-
vidual reported taking antihypertensive medication or
being diagnosed with hypertension by a healthcare pro-
fessional. Diabetes mellitus (DM) was defined as having a
fasting blood glucose level of 27 mm/L, being diagnosed
with diabetes by a healthcare professional, or currently
using medication to manage high blood glucose levels
[18].

Laboratory measurements

Blood samples were analyzed under fasting conditions
following an overnight fast of more than 8 h. All blood
parameters, including blood lipids, renal function param-
eters, and glycated hemoglobin Alc (HbAlc%), were
measured at a certified medical and chemical labora-
tory diagnostic department using standardized interna-
tional laboratory methods. The glomerular filtration rate
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(eGFR) was estimated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation [19].

Statistical analysis

The threshold for statistical significance was set at a two-
tailed P-value of less than 0.05. The statistical packages
R (http://www.r-project.org) and Empower (R) (www.
empowerstats.com) were employed to conduct all statis-
tical analyses.

The normality of evaluation variables in this study was
assessed through both Quantile-Quantile plots (Q-Q
plots) and Anderson-Darling tests. Specifically, two
methods were employed to examine whether a normal
distribution exists: comparing the histogram of sample
data with that of a standard normal curve and comparing
normalized quantiles from sample data with those from
a standard normal distribution using a Q-Q diagram. In
this diagram, the correlation between the sample data
and normal data can indicate whether they conform to a
normal distribution. For normally distributed data, scat-
tered points on the Q-Q diagram should approximate a
straight line, indicating a high positive correlation. Since
this study had a sample size of =200, we employed an
Anderson-Darling test to determine if variables con-
formed to a normal distribution. When p>0.05, it was
considered that the data conformed to a normal distri-
bution.Mean and standard deviation (SD) were used to
describe the continuous variables, and one-way analysis
of variance (ANOVA) was performed for comparison.
Percentages were used to describe the categorical vari-
ables, and a chi-square test was conducted for compari-
son. Multivariate logistic regression models were used to
calculate the odds ratio (OR) values of CHD and explore
the relationship between ABSI and outcome variables.
Three models were constructed in this study to exclude
confounding factors. Model 1 represented the unad-
justed data, model 2 was adjusted for age, sex, BMI, SBP,
DBP, model 3 was adjusted for age, sex, BMI, race, pov-
erty income ratio, SBP, DBP, smoking status, HbA1c%,
TC, HDL, eGFR, DM, Hypertension, antihypertensive
drugs, Lipoprotein-lowering drugs, hypoglycemic drugs.
Covariate were identified by having the outcome vari-
able as a traditional risk factor and by having the effect
of the calculated covariate on the outcome variable esti-
mate changed by at least 10% individually [20]. A gener-
alized additive model and fitting curve (penalized spline
method) was performed to detect the linear relationships
between the ABSI and CHD. In addition, possible modi-
fications of the association between ABSI and CHD were
also assessed for the following variables: sex (male vs.
female), age (<65 vs. = 65), race ((non-hispanic white vs.
non-hispanic black vs. mexican american vs. other his-
panic vs. other races), DM (no vs. yes) and hypertension
(no vs. yes).
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Results

Baseline characteristics of the population

The cross-sectional study included a total of 5046 obese
adults who were over the age of 20, with an average age of
49.86 years (SD:16.24) and a male proportion of 44.57%
(2249 individuals). The mean ABSI value was calculated
to be 0.082 (SD:0.005). Among the participants, there
were 2,714 individuals diagnosed with hypertension,
1,259 (24.95%) individuals diagnosed with diabetes, and
240 individuals diagnosed with coronary heart disease.
Table 1 presents the demographic and clinical base-
line characteristics of the third-class population based
on ABSI. We observed that individuals with the highest
ABSI level (ABSI>0.084, n=1682) exhibited several dis-
tinctive characteristics: predominantly males, advanced
age, primarily non-Hispanic whites, and a significant pro-
portion were current smokers. Compared to participants
in the ABSI T1 group (ABSI<0.080, n=1682), those in
the T3 group (ABSI>0.084, n=1682) exhibited higher
BMI, SBP, glycosylated hemoglobin levels, and eGFR val-
ues, as well as lower DBP levels. Additionally, they had
a lower poverty income ratio and showed higher TC and
HDL values. Furthermore, the T3 group (ABSI>0.084,
n=1682) had a greater prevalence of comorbidities such
as diabetes and hypertension compared to the T1 group
(ABSI>0.084, n=1682). Moreover, medication rates for
antihypertensive drugs, hypoglycemic drugs, and lipid-
lowering drugs were higher among patients in the T3
group than those in the T1 group.

Association between ABSI and CHD

The fitting curve in Fig. 2 clearly demonstrates the dose-
response association between ABSI and CHD, reveal-
ing an L-shaped positive relationship between these
two variables. To quantitatively assess the impact of an
increase in ABSI on CHD prevalence, we constructed
three logistic regression models to evaluate the associa-
tion between ABSI and CHD (Table 2). Furthermore, in
the regression analysis, we assessed the impact of ABSI
both as a continuous variable and as a categorical variable
on CHD. The odds ratio (OR) values for CHD in Model
1, Model 2, 3 were found to be 2.45 (95%CI: 2.12, 2.83),
1.53 (95%CI:1.30, 1.81) and 1.31 (95%CI:1.09, 1.56) per
SD increase in ABSI, respectively. In the fully adjusted
model, we designated participants in the T1 group as
the reference group. Our findings indicate a significant
increase in the prevalence of CHD (OR:1.82, 95%Cl:
1.07-3.10) only within the T3 group. Although there is
an increased prevalence of CHD (OR:1.32, 95%CI: 0.77—
2.29) in the T2 group, there is no statistically significant
difference observed in this increase. When consider-
ing ABSI as a trisection variable, we observed that par-
ticipants in the T3 group exhibited a significantly higher
prevalence of CHD compared to those in the T2 group,
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Table 1 Baseline characteristics of the study population

Characteristics ABSI Pvalue
Tertiles1 (<0.080) Tertile 2 (0.080-0.084) Tertile 3(=0.084)

N 1682 1682 1682

Males, N(%) 569 (33.83%) 818 (48.63%) 862 (51.25%) <0.001

Age, year 42.74+14.55 49.35+15.22 5747 +15.46 <0.001

BMI, kg/m2 36.93+6.58 36.07+5.74 3542+497 <0.001

Race <0.001

Non-Hispanic White, N(%) 1(30.38%) 629 (37.40%) 820 (48.75%)

Non-Hispanic Black, N(%) 536( 87%) 405 (24.08%) 2 (18.55%)

Mexican American, N(%) 279 (16.59%) 320 (19.02%) 283 (16.83%)

Other Hispanic, N(%) 190 (11.30%) 189 (11.24%) 163 (9.69%)

Other races, N(%) 166 (9.87%) 139 (8.26%) 104 (6.18%)

Current smoking, N(%) 282 (16.77%) 293 (17.42%) 298 (17.72%) <0.001

SBP. mmHg 12423+1641 127.68+17.31 129.82+18.14 <0.001

DBP, mmHg 72.74+£11.50 7312+11.53 71.23+13.02 <0.001

Poverty income ratio 2.50+1.58 248+1.61 229£152 <0.001

HbA1c,% 577+1.10 0.02+1.22 633+143 <0.001

TC, mg/dL 190.92 £39.54 192.11+£43.49 187.75+£45.12 0.009

HDL, mg/dL 50.29+14.02 48.12+13.60 470111276 <0.001

eGFR, mL/min/1.73 m? 99.33+£22.27 94.22+23.07 86.30+£24.85 <0.001

Comorbidities, N (%)

DM 219 (13.02%) 404 (24.02%) 636 (37.81%) <0.001

Hypertension 14 (42.45%) 898 (53.39%) 1102 (65.52%) <0.001

CHD 21 (1.249%) 58 (3.448%) 161 (9.572%) <0.001

Medication use, N (%)

Antihypertensive drugs 455 (27.05%) 660 (39.24%) 927 (55.11%) <0.001

Lipoprotein-lowering drugs 217 (12.90%) 384 (22.83%) 653 (38.82%) <0.001

hypoglycemic drugs 149 (8.86%) 290 (17.24%) 507 (30.14%) <0.001

Abbreviations: ABSI: A Body Shape Index; BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HbAlc, glycosylated hemoglobin; TC,
total cholesterol; HDL, high-density lipoprotein cholesterol; HbA1c, glycosylated hemoglobin; eGFR, estimated glomerular filtration rate; DM, Diabetes mellitus;

with an odds ratio (OR) for CHD much greater than that
of the T2 group. This finding is consistent with our fit-
ted curve and supports a significant positive association

between elevated ABSI levels and increased prevalence of
CHD.

Subgroup analyses

In the subgroup analysis(Fig. 3), we evaluated how
ABSI, as a continuous variable, is associated with the
prevalence of CHD to explore possible interactions and
examine whether other variables within different sub-
groups affect this relationship. The P-value for interac-
tion across all subgroups was determined to be greater
than 0.05, suggesting that these specific subgroups do not
modify the primary finding that an increase in ABSI is
linked to a higher prevalence of CHD. These subgroups
included sex (male vs. female), age (<65 vs. = 65), race
((non-hispanic white vs. non-hispanic black vs. mexi-
can american vs. other hispanic vs. other races), DM
(no vs. yes) and hypertension (no vs. yes). Each sub-
group analysis adjusted for age, sex, BMI, race, poverty
income ratio, SBP, DBP, smoking status, HbAlc%, TC,
HDL, eGFR, DM, Hypertension, antihypertensive drugs,

Lipoprotein-lowering drugs, hypoglycemic drugs. except
for the stratifying variable.

Discussion

In this population-based cross-sectional study, we
observed a significant positive L-shaped association
between the increase in ABSI among obese individuals
and the prevalence of CHD.

Previous studies have predominantly focused on the
association between obesity and cardiovascular diseases
as defined by BMI [21-23]. However, due to the limi-
tations of BMI in accurately discerning fat, bone, and
muscle mass [24], the concept of the obesity paradox
emerged. Furthermore, Franciane and his colleagues
exclusively conducted a study on the correlation between
BMI and coronary artery disease (CAD). They meticu-
lously assessed the BMI of 703 inpatients admitted to the
cardiology department, while also evaluating the severity
of their CAD. The conclusive findings revealed that obe-
sity served as an independent risk factor for early-onset
CAD and exhibited a strong association with comor-
bidities such as diabetes and hypertension [25]. Canoy
et al. conducted a 9-year cohort follow-up study among
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Adjusted log-ORs for CHD
0.10

0.05

0.00

0.070

0.075

0.080

0.085 0.090 0.095

ABSI

Fig. 2 Association between body shape index and coronary heart disease. A linear association between body shape index and coronary heart disease
was found (P<0.05). The solid line and dashed line represent the estimated values and their corresponding 95% confidence interval. Adjustment fac-
tors included age, sex, BMI, race, poverty income ratio, SBP, DBP, smoking status, HbA1c%, TC, HDL, eGFR, DM, Hypertension, antihypertensive drugs,

Lipoprotein-lowering drugs, hypoglycemic drugs

Table 2 The association between ABSI and CHD in diferent models

ABSI Events (%) CHD, OR (95%Cl)
Model1 Model 2 Model 3
Per 1SD increase 240(4.76%) 245(2.12,2.83) 1.53(1.30,1.81) 1.31(1.09, 1.56)

Tertiles1 (< 0.080) 21 (1.249%) 1
Tertile 2 (0.080-0.084) 58 (3.448%)

Tertile 3(=0.084) 161 (9.572%)
P for trend

2.82(1.71,4.68)
8.37(5.29,13.26)
<0.0001

1 1

1.64 (0.97,2.77) 1.32(0.77,2.29)
2.78(1.69,4.59) 1.82(1.07,3.10)
<0.0001 0.011

Model 1 was adjusted for none
Model 2 was adjusted for age, sex, BMI, SBP, DBP

Model 3 was adjusted for age, sex, BMI, race, poverty income ratio, SBP, DBP, smoking status, HbA1c%, TC, HDL, eGFR, DM, Hypertension, antihypertensive drugs,

Lipoprotein-lowering drugs, hypoglycemic drugs

1.2 million women aged 55—74 to investigate the associa-
tion between BMI and first hospitalization for CHD and
CHD mortality. The relative risk of CHD is 1.23(95% CI:
1.22—1.25) when BMI increases by 5 kg/m? The relation-
ship between BMI and CHD mortality follows a J-shaped
curve, which differs from its incidence pattern. In both
the lowest and highest BMI categories, the relative risk
of coronary heart disease mortality is greater than that of
incidence [26].

Firstly, Franciane did not provide a quantitative assess-
ment of the severity of BMI and the presence of coro-
nary heart disease; instead, only correlation analysis
was conducted. Moreover, this study exclusively focused
on inpatients from the cardiology department who had
undergone coronary angiography, without any relevant
investigation into the association between BMI and CHD
within the general population. Secondly, Canoy et al.
exclusively investigated the impact of BMI on fatal and
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subgroups Participants / Event CHD, OR (95%CD P for interaction
Sex 0.083
male 161 (7.16%) 1.13 (0.88, 1.44) -Il—
female 79 (2.82%) 1.50(1.18, 1.92) ——
Age,years 0.908
<65 92 (2.32%) 1.29 (0.98, 1.70) .
>65 148 (13.59%) 1.32 (1.06, 1.65) ——
Race 0.377
Non-Hispanic White 148 (7.55%) 1.32 (1.06, 1.66) ——
Non-Hispanic Black 34 (2.71%) 1.42 (0.94, 2.12) T—a—
Mexican American 27 (3.06%) 1.55(0.91, 2.64) T—8—
Other Hispanic 18 (3.32%) 1.31 (0.69, 2.49) —1
Other races 13 (3.18%) 0.70 (0.37, 1.32) ——
DM 0.636
no 108 (2.85%) 1.32(1.04, 1.68) ——
yes 132 (10.48%) 1.43 (1.13, 1.82) —-—
Hypertension 0.553
no 39 (1.67%) 1.54 (1.02, 2.33) ——
yes 201 (7.41%) 1.35(1.12, 1.63) -

ol UL | 1

0 051 15 2 25 3

Fig. 3 Stratified analyses by potential modifiers of the association between body shape index and coronary heart disease. ““Each subgroup analysis
adjusted for age, sex, BMI, race, poverty income ratio, SBP, DBP, smoking status, HbA1c%, TC, HDL, eGFR, DM, Hypertension, antihypertensive drugs,
Lipoprotein-lowering drugs, hypoglycemic drugs. except for the stratifying variable
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non-fatal CHD in women, revealing that the majority
of coronary heart disease events occurred in non-obese
women. Even a slight increase in BMI was associated
with an elevated incidence of the disease, suggesting that
BMI may not be applicable to individuals who are not
obese. Lastly, due to inherent limitations of BMI itself,
researchers have been continuously exploring alternative
obesity indicators to overcome the obesity paradox.

Krakauer and his colleagues [13] have proposed a novel
obesity index, ABSI, which is derived from weight and
height measurements using NHANES data in the United
States. Notably, ABSI demonstrates superior predictive
capability for premature mortality compared to tradi-
tional measures such as or WC [13, 27]. Furthermore,
numerous studies have substantiated the utility of ABSI
as a prognostic indicator for cardiovascular disease and
all-cause mortality [28, 29]. Therefore, this study repre-
sents the first attempt to assess the impact of ABSI on
CHD in obese individuals residing in the United States.
This research addresses existing gaps in knowledge
regarding novel obesity indices and their association
with cardiovascular diseases, while also broadening. This
cross-sectional study shows that the prevalence of CHD
increases with the increase of ABSI level, and there is a
positive correlation between them, and this positive cor-
relation is independent of other covariates. The ABSI is
primarily utilized as a reliable index for assessing body fat
distribution and measuring the accumulation of adipose
tissue. An elevation in ABSI signifies excessive fat depo-
sition, leading to the generation of cytotoxic substances
and induction of oxidative stress, which can detrimen-
tally impact the integrity of blood vessel walls. Conse-
quently, this process promotes plaque formation and
luminal obstruction, thereby contributing to the patho-
genesis and progression of CHD.

The presence of the obesity paradox leads individuals
to believe that BMI-defined obesity confers cardiovascu-
lar benefits, thereby discouraging weight loss efforts in
this population. Therefore, this study focuses on patients
with a BMI=30 kg/m2 and aims to assess the association
between obesity and CHD using the novel obesity index
ABSI. The findings reveal an L-shaped positive correla-
tion between ABSI levels and the incidence of coronary
heart disease among obese patients. These aforemen-
tioned findings imply the imperative need for monitor-
ing the ABSI index of obese patients in clinical practice in
order to mitigate the incidence and progression of coro-
nary heart disease among this patient population. Addi-
tionally, it is crucial to establish corresponding healthcare
policies, promote adherence to a recommended BMI
level as part of these policies, and provide necessary
weight loss interventions and related education for indi-
viduals who are obese.
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Our research has several limitations. Firstly, due to the
cross-sectional nature of the data, it is not possible to
establish a causal relationship between ABSI and CHD
prevalence. To establish causality and potential mecha-
nisms, large-scale cohort studies and basic experiments
are required. Secondly, the observed relationship is lim-
ited to American adults, which may restrict the general-
izability of our findings. Lastly, while we have adjusted for
confounding factors through covariate adjustment, we
cannot completely eliminate the influence of unmeasured
or unknown factors on our results; for instance, we con-
sidered participants’ family history of heart disease, tim-
ing of coronary heart disease onset in them, and whether
they underwent surgery.

Conclusions

The findings of this study demonstrate a high prevalence
of CHD, which is significantly associated with an increase
in ABSI. Importantly, the L-shaped positive association
between ABSI and coronary heart disease remains robust
even after adjusting for confounding factors such as age,
sex, BMI, race, poverty income ratio, SBP, DBP, smoking
status, HbA1c%, TC, HDL cholesterol levels, eGFR (esti-
mated glomerular filtration rate), DM (diabetes mellitus),
hypertension, antihypertensive drugs, lipoprotein-lower-
ing drugs, and hypoglycemic drugs. The findings remain
consistent across diverse ethnic groups in the United
States. Currently, there is an urgent need to develop
effective health policies that target the reduction of iden-
tified risk factors and mitigate the imminent impact of
CHD on individuals with obesity in the United States.

Acknowledgements
A special thanks to all of the NHANES participants who freely gave their time
to make this and other studies possible.

Author contributions

HBH participated in literature search, study design, data collection, data
analysis, data interpretation, and wrote the manuscript. HBH, YC, YHL, LLH and
HQ conceived of the study, and participated in its design, coordination, data
collection and analysis. RQY participated in study design and provided the
critical revision. All authors read and approved the final manuscript.

Funding
None.

Data availability
Publicly available datasets were analyzed in this study. This data can be found
here: https://www.cdc.gov/nchs/nhanes/index.htm.

Declarations

Conflict of interest
The authors declare that they have no conflict of interest.

Ethics approval and consent to participate

All procedures performed in studies involving human participants were
following the ethical standards of the institutional and national research
committee and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.



He et al. Journal of Health, Population and Nutrition (2024) 43:123

Informed consent
Informed consent was obtained from all individual participants included in
the study.

Received: 29 November 2023 / Accepted: 1 August 2024
Published online: 16 August 2024

References

1. Safiri S, Karamzad N, Singh K, Carson-Chahhoud K, Adams C, Nejadghaderi
SA, Almasi-Hashiani A, Sullman M, Mansournia MA, Bragazzi NL, et al. Burden
of ischemic heart disease and its attributable risk factors in 204 countries and
territories, 1990-2019. Eur J Prev Cardiol. 2022;29(2):420-31.

2. Tsao CW, Aday AW, Aimarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS,
Boehme AK, Buxton AE, Carson AP, Commodore-Mensah Y, et al. Heart
Disease and Stroke Statistics-2022 update: a Report from the American Heart
Association. Circulation. 2022;145(8):e153-639.

3. Wadhera RK, Joynt Maddox KE, Wang Y, Shen C, Bhatt DL, Yeh RW. Associa-
tion between 30-Day episode payments and Acute Myocardial Infarction
outcomes among Medicare beneficiaries. Circ Cardiovasc Qual Outcomes.
2018;11(3):004397.

4. Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, Giles WH,
Capewell S. Explaining the decrease in U.S. deaths from coronary disease,
1980-2000. N Engl J Med. 2007;356(23):2388-98.

5. Clinical Guidelines on the. Identification, evaluation, and treatment of over-
weight and obesity in adults—the evidence report. Natl Institutes Health Obes
Res. 1998,6(Suppl 2):551-200.

6. Okorodudu DO, Jumean MF, Montori VM, Romero-Corral A, Somers VK, Erwin
PJ, Lopez-Jimenez F. Diagnostic performance of body mass index to identify
obesity as defined by body adiposity: a systematic review and meta-analysis.
Int J Obes (Lond). 2010;34(5):791-9.

7. Thomas DM, Bredlau C, Bosy-Westphal A, Mueller M, Shen W, Gallagher D,
Maeda Y, McDougall A, Peterson CM, Ravussin E, et al. Relationships between
body roundness with body fat and visceral adipose tissue emerging from a
new geometrical model. Obes (Silver Spring). 2013;21(11):2264-71.

8. Nevill AM, Stewart AD, Olds T, Holder R. Relationship between adiposity and
body size reveals limitations of BMI. Am J Phys Anthropol. 2006;129(1):151-6.

9. Sharma A, Lavie CJ, Borer JS, Vallakati A, Goel S, Lopez-Jimenez F, Arbab-
Zadeh A, Mukherjee D, Lazar JM. Meta-analysis of the relation of body mass
index to all-cause and cardiovascular mortality and hospitalization in patients
with chronic heart failure. Am J Cardiol. 2015;115(10):1428-34.

10. Horwich TB, Fonarow GC, Clark AL. Obesity and the obesity Paradox in Heart
failure. Prog Cardiovasc Dis. 2018;61(2):151-6.

1. Balkau B, Deanfield JE, Després JP, Bassand JP, Fox KA, Smith SC Jr, Barter P,
Tan CE, Van Gaal L, Wittchen HU, et al. International Day for the evaluation of
abdominal obesity (IDEA): a study of waist circumference, cardiovascular dis-
ease, and diabetes mellitus in 168,000 primary care patients in 63 countries.
Circulation. 2007;116(17):1942-51.

12. Zhao Q, Zhang K, LiY, Zhen Q, Shi J,Yu Y, Tao Y, Cheng Y, Liu Y. Capacity of a
body shape index and body roundness index to identify diabetes mellitus in
Han Chinese people in Northeast China: a cross-sectional study. Diabet Med.
2018,35(11):1580-7.

13.  Krakauer NY, Krakauer JC. A new body shape index predicts mortality hazard
independently of body mass index. PLoS ONE. 2012;7(7):e39504.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 9 of 9

Hirsch JA, Leslie-Mazwi TM, Nicola GN, Oklu R, Schoppe KA, Silva E 3rd, Man-
chikanti L. The ICD-10 system: a gift that keeps on taking. J Neurointerv Surg.
2015;7(8):619-22.

Mou C, Ren J. Automated ICD-10 code assignment of nonstandard diagnoses
via a two-stage framework. Artif Intell Med. 2020;108:101939.

Li X, Zhang D, Zhao Y, Kuang L, Huang H, Chen W, Fu X, Wu Y, Li T, Zhang J,

et al. Correlation of heavy metals’exposure with the prevalence of coronary
heart disease among US adults: findings of the US NHANES from 2003 to
2018. Environ Geochem Health. 2023;45(8):6745-59.

Lau E, Neves JS, Ferreira-Magalhaes M, Carvalho D, Freitas P. Probiotic
ingestion, obesity, and metabolic-related disorders: results from NHANES,
1999-2014. Nutrients. 2019;11(7):1482.

Standards of medical care in diabetes-2010. Diabetes Care. 2010;33(Suppl
1)S11-61.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI,
Kusek JW, Eggers P, Van Lente F, Greene T, et al. A new equation to estimate
glomerular filtration rate. Ann Intern Med. 2009;150(9):604-12.

Greenland S. Modeling and variable selection in epidemiologic analysis. Am J
Public Health. 1989;79(3):340-9.

Romero-Corral A, Somers VK, Sierra-Johnson J, Thomas RJ, Collazo-Clavell ML,
Korinek J, Allison TG, Batsis JA, Sert-Kuniyoshi FH, Lopez-Jimenez F. Accuracy
of body mass index in diagnosing obesity in the adult general population. Int
J Obes (Lond). 2008;32(6):959-66.

Schneider HJ, Friedrich N, Klotsche J, Pieper L, Nauck M, John U, Dérr M, Felix
S, Lehnert H, Pittrow D, et al. The predictive value of different measures of
obesity for incident cardiovascular events and mortality. J Clin Endocrinol
Metab. 2010;,95(4):1777-85.

Flegal KM, Graubard BI, Williamson DF, Gail MH. Excess deaths Associated
with underweight, overweight, and obesity: an evaluation of potential Bias.
Vital Health Stat. 2018;3(42):1-21.

Rahman M, Berenson AB. Accuracy of current body mass index obesity
classification for white, black, and hispanic reproductive-age women. Obstet
Gynecol. 2010;115(5):982-8.

Formentini FS, Zaina Nagano FE, Lopes Neto F, Adam EL, Fortes FS, Silva L.
Coronary artery disease and body mass index: what is the relationship. Clin
Nutr ESPEN. 2019;34:87-93.

Canoy D, Cairns BJ, Balkwill A, Wright FL, Green J, Reeves G, Beral V. Body mass
index and incident coronary heart disease in women: a population-based
prospective study. BMC Med. 2013;11:87.

Lee DY, Lee MY, Sung KC. Prediction of mortality with a body shape index in
Young asians: comparison with body Mass Index and Waist circumference.
Obes (Silver Spring). 2018;26(6):1096-103.

Dhana K, Kavousi M, lkram MA, Tiemeier HW, Hofman A, Franco OH. Body
shape index in comparison with other anthropometric measures in predic-
tion of total and cause-specific mortality. J Epidemiol Community Health.
2016;70(1):90-6.

Bozorgmanesh M, Sardarinia M, Hajsheikholeslami F, Azizi F, Hadaegh F. CVD-
predictive performances of a body shape index versus simple anthropomet-
ric measures: Tehran lipid and glucose study. Eur J Nutr. 2016;55(1):147-57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association between body shape index and coronary heart disease in individuals over 20 years old with obese
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and population
	﻿Defnition of the exposure and outcome variable
	﻿Data collection
	﻿Sociodemographic characteristics
	﻿Laboratory measurements


	﻿Statistical analysis
	﻿Results
	﻿Baseline characteristics of the population
	﻿Association between ABSI and CHD
	﻿Subgroup analyses

	﻿Discussion
	﻿Conclusions
	﻿References


