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Introduction: Over the last few years, novel anthropometric indices have been
developed as an alternative to body mass index (BMI) and other traditional
anthropometric measurements to enhance the estimate of fat proportion and its
relationship to a future cardiovascular event. The purpose of this study was to
investigate the association of carotid intima-media thickness (c-IMT) estimated by
Doppler ultrasound with current anthropometric indices (traditional and novel).

Methods: A cross-sectional study was conducted on a total of 789 Spanish
patients. Traditional (BMI, WHR, and WHtR) and new (WW!I, AVI, ABSI, BRI, BAI,
CUN-BAE, and CI) anthropometric indices were determined, and carotid Doppler
ultrasound was performed to evaluate c-IMT (>0.90 mm).

Results: Most of the anthropometric indices analyzed were significantly higher
among patients with pathological c-IMT, except for BMI, BAI, and CUN-BAE. In
multiple linear regression analysis, c-IMT was positively related to ABSI, AVI, BRI, Cl,
and WWI but not to CUN-BAE, BAI, or traditional anthropometric indices. Similarly,
in univariate analysis, all indices were associated with a c-IMT of >0.90mm (p <
0.05), except BMI, BAI, and CUN-BAE; however, only ABSI (adjusted OR: 1.61; 95%
Cl: 1.08-2.40; p = 0.017), CI (adjusted OR: 1.73; 95% ClI: 1.15-2.60; p = 0.008),
and WWI (adjusted OR: 1.74; 95% Cl: 1.14-2.64; p = 0.009) were significantly
associated in multivariate analysis. Finally, Cl, ABSI, and WW!I provided the largest
AUC, and BMI and CUN-BAE showed the lowest AUC.

Conclusion: ABSI, Cl, and WWI were positively associated with pathological c-IMT
(>0.90 mm), independent of other confounders.

KEYWORDS

anthropometric indices, carotid intima-media thickness, cardiovascular risk factors,
subclinical atherosclerosis, carotid ultrasonography
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Introduction

Despite improvements in recent years, cardiovascular (CV)
diseases remain to be the main cause of death worldwide (1,
2). Atherosclerotic injuries are the common cause of all of
these diseases. The lesions are involved in a complex chronic
degenerative process that evolves over years and occurs at the level
of the arterial intimal layer, resulting in progressive asymmetric
focal thickening composed of connective tissue elements, lipids,
and debris (3). Detection of atherosclerosis in asymptomatic
individuals using different strategies helps us to predict and thus
prevent future CV events (4).

Carotid ultrasound, including carotid intima-media thickness
(c-IMT) ultrasound, has been suggested as a potential technique to
assist CV risk stratification, as it is a safe, low-cost, and commonly
available method that directly evaluates arterial atherosclerosis (5-
7). In multiple previous studies, c-IMT has been demonstrated
to be associated with the incidence of CV events and CV risk
factors (8-12).

On the other hand, anthropometric indices are accepted as low-
cost, simple, and non-invasive methods for population screening
and early identification of obesity. Body mass index (BMI), waist
circumference (WC), waist-to-height ratio (WHtR), and waist-to-
hip ratio (WHR) have always been the most frequently used in daily
clinical practice (13). In the last few years, novel anthropometric
indices have been developed as an alternative to traditional
anthropometric measurements to enhance the estimation of fat
content and its relationship to CV risk (14).

Participants recruited in the V: Risk Itati
(N=2,640)
Male (n=1,496)

Female (n=1,144)

No cIMT

examination
(n=1,453)

Initial participants included
(n=1,187)

No weight, height,
WC or HC

measurement
(n=398)

Total participants in this study
(n=789)
Male (n=487)
Female (n=302)

FIGURE 1
Participants selection process.
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A body shape index (ABSI) assesses general and visceral
adiposity and is better related to abdominal fat than BMI (15).
The body roundness index (BRI) predicts the amount of total and
regional fat and is considered a predictor of metabolic syndrome
in heterogeneous populations, being superior to BMI in numerous
studies (16). The body adiposity index (BAI) is derived from hip
circumference and height to calculate the amount of corporal
adiposity (17). The Clinica Universidad de Navarra-Body Adiposity
Estimator (CUN-BAE) equation is an estimator of the fat content
with age, sex, and BMI and has been proven to be useful for
selecting patients at high metabolic risk (18). The abdominal
volume index (AVI) measures the volume of abdominal fat volume
and presents a positive association with metabolic syndrome (19).
The weight-adjusted waist index (WWTI) has shown an association
with CV morbidity and mortality (20). The conicity index (CI) uses
weight, height, and abdominal circumference variables to estimate
the degree of obesity and fat distribution (21).

Each of the novel anthropometric measures has been related to
CV risk factors, though more investigation is needed to establish
their precision and accuracy (14). The present study aimed to
evaluate the possible association between novel and traditional
anthropometric measures and subclinical carotid atherosclerosis
assessed by c-IMT measured with Doppler ultrasound.

Methodology
Study population and design

A cross-sectional study was carried out between June 2021
and September 2022, involving 789 subjects who consecutively
attended the Vascular Risk consultation of the Grupo de Estudios
de Enfermedades VASculares (GEEVAS) research group of Céceres
(Spain). The participant selection process is shown in Figure 1.
Initially, 2,640 subjects were screened (of whom, 1,453 were
excluded due to failure to complete the c-IMT assessment). A total
of 1,187 participants were recruited, although 398 were excluded
because no anthropometric measurement was performed. Finally,
789 patients aged between 18 and 80 were studied. Participants
with anatomical disorders that made cervical examination difficult,
institutionalized patients, chronic kidney disease in dialysis
replacement treatment patients, pregnant women, mentally ill
or incapacitated patients, and those who had been diagnosed
with terminal diseases were excluded. Each participant gave
written informed consent to participate in the study. The study
protocol was in accordance with the Declaration of Helsinki and
was previously approved by the Ethics Committee (Ref. 047-
2021) of the University Hospital “San Pedro de Alcantara” of
Ciéceres (Spain).

Study variables

Clinical variables associated with CV risk (age, smoking status,
sedentary lifestyle, presence of dyslipidemia, hypertension,
diabetes
current medical treatment, and previous CV events were

mellitus, metabolic syndrome, and obesity),

extracted from the patient’s medical history. After a period

frontiersin.org


https://doi.org/10.3389/fnut.2023.1170450
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Costo-Muriel et al.

TABLE 1 Formulas to calculate traditional and novel anthropometric
indices and cut-off considered in this study.

Anthropometric Formula Cut-off
indices
Traditional anthropometric indices
BMI weight (kg)/height? (m) 30 > kg/m?
WHR WC (cm)/HC (cm) > 0.85
women;
> 0.94 men
WHItR WC (cm)/height (cm) > 0.5
Novel anthropometric indices
ABSI WC (m)/(BMI??(kg/m?) - Height!/? >0.00866%
(m))
AVI (2-WC? (cm) + 0.7(WC - HC)? >23.89°
(cm)/1000
BAIL BAI = [HC (m)/Height**(m)] - 18 >36.40°
BRI 364.2-365.5 [1- 772 WC? (m) - >6.96°
Height ™2 (m)]'/?
CI 0.109~! WC (m) [Weight (kg)/Height >1.39%
(m)]~1/2
CUN-BAE (3.1723 - BMI) - (0.026 - BMI?) + >41.70°
(0.181- BMI - sex) — (0.02 - BMI - age)
- (0.005 - BMI? - sex) 4 (0.00021 -
BMI? - age)
WWI WC//weight >11.922

* Due to the non-existence of cutoff points for the new anthropometric indices, the highest
quartile values were considered.

ABSI, a body shape index; AVI, abdominal volume index; BAI, body adiposity index;
BMI, body mass index; BRI, body roundness index; CI, conicity index; CUN-BAE, Clinica
Universidad de Navarra-Body Adiposity Estimator; HC: Hip circumference; WC: Waist
circumference; WHR, waist-to-hip ratio; WHIR, waist-to-height ratio; WWTI, weigh adjusted
waist index.

longer than 10h of fasting, a blood test was performed
including coagulation, biochemistry with hepatic and renal
function, a complete blood count, and glycaemic and
lipid profiling.

Each subject completed the physical assessment. Blood pressure
(BP) readings were taken in the first hour in the morning
with the patient relaxed and seated in accordance with the
latest recommendations of the European Society of Hypertension
(22). A total of three measurements of systolic (SBP) and
diastolic blood pressure (DBP) were performed, and their values
were estimated as the average values of the last two readings
taken with an oscillometric device (OMRON model HEM-907).
Consequently, pulse pressure (PP) was determined: PP = SBP-
DBP.

Weight was measured with a precision biomedical
scale and the height was determined with a Harpenden
stadiometer. Both measures were carried out with participants
wearing light clothing and no shoes. A non-elastic tape
was used to assess the hip circumference (HC) and WC
following the Spanish Society for the Study of Obesity
recommendations (23). Novel and traditional anthropometric
shown in

indices formulas

Table 1.

were calculated using the
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Carotid ultrasonography assessment
(c-IMT)

Carotid ultrasonography was carried out according to the
Mannheim Consensus recommendations (24) by a single well-
trained operator. A LOGIQ S7® ultrasound device (General
Electric Healthcare, United Kingdom) with an 8-MHz linear
probe was used. The c-IMT was determined automatically with
the specific software included in the ultrasound device. All the
measurement was performed with the patient in the supine
position, the head lightly rotated away from the carotid artery
was assessed, and the neck hyperextended. A mean c-IMT
of >0.90mm was considered pathological (carotid subclinical
atherosclerosis) (25).

Statistical analysis

Categorical variables are presented as frequencies (%) and
continuous variables are presented as the averages £ standard
deviations (sd). Subjects were compared according to the presence
or absence of pathological c-IMT. The distribution was considered
normal when a p > 0.05 was found in the Kolmogorov-Smirnov
test. Categorical variables were compared utilizing the x2 test or
Fisher’s exact test when in any of the groups, the observed frequency
was <5. Moreover, the Student’s ¢-test (if normal distribution)
or the Mann-Whitney U-test (if non-normal distribution) was
used to compare continuous variables. Pearson’s correlations were
utilized to investigate the relation between c-IMT and the novel and
traditional anthropometric measures. Multiple linear regression
applying the enter method was employed to assess whether the
studied variables were predictive of mean c-IMT.

In addition, uni- and multivariate logistic regression analyses
were carried out to assess the association between dependent
(pathological ¢c-IMT) and independent variables. Due to the lack
of cutoff points for the novel anthropometric measures, the values
of the greatest quartile were considered while for traditional
anthropometric measures, previously published pathological cutoff
points were assumed. Table I shows the pathological cutoft used
in this study. Odds ratios (ORs) and subsequent 95% confidence
intervals (Cls) were analyzed. When the independent variables had
a p < 0.10 in the univariate analysis, they were incorporated into
the multivariate analysis.

Finally, the predictive performance of anthropometric indices
for identifying carotid subclinical atherosclerosis (c-IMT >
0.90 mm) was analyzed by receiver operating characteristic (ROC)
analysis. The optimal cutoff values of anthropometric indices
to detect pathological c-IMT (>0.90mm) from ROC analyses
were determined by the maximum Youden’s index (sensitivity +
specificity —1).

Statistical analysis was carried out using IBM SPSS V.27
software (IBM Corporation, Armonk, NY, USA).

Results

A total of 789 (61.8% men) patients with an average age of
64.14 £ 12.20 years were analyzed. Of these, 195 had a c-IMT
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TABLE 2 Baseline characteristics among patients according to the presence of pathological c-IMT (>0.90 mm).

Subjects with c-IMT<0.90 mm Subjects with c-IMT>0.90 mm

(n = 594) (n = 195)
Age (years) 61.82 £ 11.96 71.20 & 10.05 <0.001
Gender-men (%) 345 (58.2%) 142 (72.8%) <0.001
CV Risk factors
Non-smokers (%) 192 (32.4%) 55 (28.2%) 0.276
Hypertension (%) 342 (57.7%) 161 (82.6%) <0.001
Dyslipemia (%) 518 (87.4%) 165 (84.6%) 0.329
Diabetes (%) 161 (27.2%) 91 (46.7%) <0.001
Obesity (%) 238 (40.1%) 82 (42.1%) 0.553
Metabolic Syndrome (%) 192 (32.4%) 116 (59.5%) <0.001
Sedentary (%) 211 (35.6%) 66 (33.8%) 0.660
CV event (%) 123 (20.7%) 87 (44.6%) <0.001
Clinical and laboratory evaluation
SBP (mmHg) 138.01 £ 18.05 143.55 +19.33 <0.001
DBP (mmHg) 81.43 £10.04 77.80 £ 10.87 <0.001
PP (mmHg) 56.57 £ 16.60 65.74 £ 17.26 <0.001
Total cholesterol (mg/dL) 176.85 £ 42.46 163.92 + 35.52 <0.001
HDL (mg/dL) 51.52 £ 15.94 50.12 £ 15.94 0.279
LDL (mg/dL) 97.93 £ 36.30 87.93 £ 31.93 0.001
Triglyceride (mg/dL) 145.24 £ 104.55 140.01 £ 87.22 0.529
FPG (mg/dL) 108.71 £ 29.09 115.77 £ 33.53 0.009
HbA1C (%) 6.03 £ 0.96 632+ 1.14 0.002
eGFR (ml/min) 111.43 £70.83 97.07 £ 93.38 0.027
Drugs
Antihypertensive drugs (%) 19 (8.3%) 176 (31.4%) <0.001
Lipid lowering drugs (%) 26 (21.1%) 169 (25.3%) 0.321
Antidiabetic drugs (%) 94 (19.8%) 101 (32.0%) <0.001
Traditional anthropometric indices
BMI (Kg/mz) 29.47 £5.12 29.59 + 4.54 0.758
WHR 0.93 £ 0.093 0.96 £ 0.102 <0.001
WHtR 0.60 £ 0.08 0.63 £ 0.08 <0.001
Novel anthropometric indices
ABSI 0.0816 £ 0.007 0.085 £ 0.008 <0.001
AVI 20.28 £5.55 22.48 £+ 6.35 <0.001
BAI 32.73 £ 6.89 33.51 £6.15 0.159
BRI 5.67 £ 1.99 6.51 £ 2.09 <0.001
CI 1.314+0.11 1.38 +£0.13 <0.001
CUN-BAE 36.25 £7.99 35.82 £ 7.08 0.475
WWI 11.16 £ 1.03 11.80 +1.15 <0.001

ABSI, a body shape index; AVI, abdominal volume index; BAI, body adiposity index; BMI, body mass index; BRI, body roundness index; CAD, coronary arterial disease; CI, conicity index;
¢-IMT, carotid intima media thickness; CUN-BAE, Clinica Universidad de Navarra-Body Adiposity Estimator; CV, cardiovascular; DBP: Diastolic Blood Pressure; FPG, fast plasma glucosa;
HbAlc, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PP, pulse pressure; SBP, systolic blood pressure; WHR, waist-to-hip ratio;, WHIR, waist-to-height
ratio; WWI, weigh adjusted waist index. Bold means statistically significant values.
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TABLE 3 Correlation and multiple linear regression analysis between c-IMT and anthropometric indices.

Correlation analysis

Multiple linear regression analysis

R p-value  ModelR2 Model Adjusted R?  Standardized

Traditional anthropometric indices

BMI (Kg/m?) 0.106 0.003 0.360 0.354 0.023 0.730 0.466
WHR 0.226 <0.001 0.360 0.354 0.051 1.479 0.140
WHIR 0.266 <0.001 0.360 0.354 0.046 1.388 0.166
Novel anthropometric indices

ABSI 0.289 <0.001 0.362 0.356 0.079 2.381 0.018
AVI 0.250 <0.001 0.365 0.358 0.080 2.514 0.016
BAI 0.122 0.001 0.360 0.354 0.013 0.324 0.746
BRI 0.279 <0.001 0.365 0.358 0.077 2.316 0.021
CI 0.321 <0.001 0.363 0.357 0.089 2.625 0.009
CUN-BAE 0.043 0.227 0.360 0.354 0.043 0.903 0.400
WWI 0.334 <0.001 0.367 0.360 0.093 2.701 0.007

Multiple linear regression analysis adjusted by age, sex, SBP, DBP, PP, total cholesterol, HDL, LDL, triglycerides, FPG, HbA1C, and eGFR.
ABSI, a body shape index; AVI, abdominal volume index; BAI, body adiposity index; BMI, body mass index; BRI, body roundness index; CI, conicity index; CUN-BAE, Clinica Universidad de
Navarra-Body Adiposity Estimator; WHR, waist-to-hip ratio; WHIR, waist-to-height ratio; WWI, weigh adjusted waist index. Bold means statistically significant values.

of > 0.90mm. The variables were compared between patients
with non-pathological ¢-IMT (<0.90mm) and patients with
pathological ¢c-IMT (> 0.90 mm) (Table 2). Significant differences
were observed in favor of subjects with a ¢-IMT > 0.90 mm in
terms of age, male sex, diabetes, hypertension, metabolic syndrome,
and CV events. Smoking, dyslipidemia, obesity, and a sedentary
lifestyle were not significant. Patients with pathological c-IMT (>
0.90 mm) had significantly higher values of systolic and diastolic
blood pressure, pulse pressure, fast plasma glucose, glycated
hemoglobin, and creatine clearance. The use of antidiabetic and
antihypertensive treatments was significantly greater. However,
values of total cholesterol and low-density lipoprotein cholesterol
were significantly lower in patients with c-IMT> 0.90 mm. With
respect to the anthropometric indices analyzed, the ABSI, AV, BRI,
WWI, WHR, and WHtR were significantly higher among patients
with pathological ¢-IMT (> 0.90 mm). However, non-significant
differences were found with respect to BMI, BAI, and CUN-BAE.

On the other hand, c-IMT was significantly correlated with
all anthropometric indices studied, except for CUN-BAE (Table 3).
We further investigated the possible significant relationship of c-
IMT with the anthropometric indices studied by multiple linear
regression. This analysis was adjusted for confounding variables.
C-IMT was positively related (p < 0.05) to ABSI, AVI, BRI,
CI, and WWI but not to CUN-BAE, BAI, or the traditional
anthropometric indices.

In the univariate analysis (Table 4), the variables that were
significantly associated with a ¢-IMT > 0.90 mm were male sex,
age > 65 years, diabetes, hypertension, metabolic syndrome,
cardiovascular event, eGFR < 60 ml/min, FPG > 126 mg/dL,
HbAIC > 6.5%, TC > 190 mg/dL, LDL > 100 mg/dL, SBP >140
mmHg, DBP > 90 mmHg, and PP > 60 mmHg.

In the univariate analysis of anthropometric indices (Table 5),
WHR (OR: 1.64; 95% CI: 1.13-2.40; p = 0.009), WHItR (OR: 2.47;
95% CI: 1.10-5.54; p = 0.028), ABSI (OR: 2.66; 95% CI: 1.88-3.75;
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p < 0.001), AVI (OR: 1.51; 95% CI: 1.08-2.12; p = 0.015), BRI
(OR: 1.93; 95% CI: 1.36-2.73; p < 0.001), CI (OR: 3.07; 95% CIL:
2.18-4.34; p < 0.001), and WWI (OR: 2.77; 95% CI: 1.96-3.91; p <
0.001) presented a significantly positive association with a c-IMT
of > 0.90 mm. However, only ABSI (adjusted OR: 1.61; 95% CI:
1.08-2.40; p = 0.017), CI (adjusted OR: 1.73; 95% CI: 1.15-2.60;
p = 0.008), and WWI (adjusted OR: 1.74; 95% CI: 1.14-2.64; p =
0.009) were significant in the multivariate analysis.

Finally, according to the ROC analyses (Figure 2), CI, ABSI,
and WWI showed the largest area under the curve (AUC: 0.663,
0.662, and 0.663, respectively), and BMI and CUN-BAE showed the
smallest AUC (0.491 and 0.517, respectively). The optimal cut-off
values to detect pathological c-IMT (>0.9 mm) from ROC analyses
were 0.0824 for ABSI, 1.31 for CI, and 11.07 for WWL

Discussion

In this cross-sectional study that included 789 Spanish subjects,
ABSI, CI, and WWT were significantly associated with subclinical
carotid atherosclerosis assessed by c-IMT measured with Doppler
ultrasound after multivariate adjustment.

In multiple previous studies, increased c-IMT has been
associated with CV risk factors and the occurrence of CV events
(9-11). Furthermore, increased c-IMT has been associated with
atherosclerosis in different arterial beds, involvement of other
systemic organs (11), and prediction of future CV events (4).
Similarly, the carotid plaque has been demonstrated to be related
to CV risk factors (26) and outperform c-IMT in predicting
myocardial infarction (5), being a good prognostic marker of
future CV events (27). In the latest 2019 European Society of
Cardiology and European Atherosclerosis Society guidelines for
the management of dyslipidemias (28), assessment of carotid
atherosclerotic burden by ultrasound has a predictive value for CV
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TABLE 4 Predictors of pathological c-IMT (>0.90 mm). Univariate analysis.

Subjects with p-value
c-IMT>0.90 mm
(n = 195) OR (CI%95)
Age (years) > 65 4.41 (3.07-6.34) <0.001
Men (%) 1.92 (1.35-2.74) <0.001
Non-smokers 0.82 (0.57-1.17) 0.276
Current Smokers (%) 1.00 (0.64-1.55) 0.986
Ex-smokers (%) 1.18 (0.85-1.63) 0.318
Hypertension (%) 3.47 (2.32-5.20) <0.001
Dyslipidemia (%) 0.49 (0.50-1.25) 0.329
Diabetes (%) 2.34 (1.68-3.28) <0.001
Obesity (%) 1.10 (0.79-1.52) 0.553
Sedentary (%) 0.92 (0.65-1.30) 0.660
Metabolic Syndrome (%) 3.06 (2.19-4.28) <0.001
CV event (%) 3.08 (2.18-4.34) <0.001
SBP (mmHg) > 140 1.77 (1.27-2.46) 0.001
DBP (mmHg) > 90 0.55 (0.35-0.85) 0.008
PP (mmHg) > 60 3.19 (2.26-4.49) <0.001
TC (mg/dL) > 190 0.57 (0.39-0.83) 0.004
LDL (mg/dL) > 100 0.52 (0.37-0.74) <0.001
Triglyceride (mg/dL) > 200 0.82 (0.52-1.30) 0.416
FPG (mg/dL) > 126 1.63 (1.11-2.40) 0.013
HbA1C (%) > 6.5 1.63 (1.11-2.40) 0.011
eGFR (ml/min) < 60 1.54 (1.06-2.25) 0.023
Antihypertensive drugs 5.09 (3.08-8.41) <0.001
Lipid lowering drugs 1.26 (0.79-2.01) 0.321
Antidiabetic drugs 1.89 (1.36-2.63) <0.001

CV, cardiovascular; DBP: Diastolic Blood Pressure; FPG, fast plasma glucose; HbAlc,
glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PP, pulse
pressure; SBP, systolic blood pressure; TC, total cholesterol. Bold means statistically significant
values.

events comparable to that of coronary calcium measurement by
computed tomography (29-31); in contrast, c-IMT measurement
is inferior to carotid plaque detection (32, 33).

Some studies support that c-IMT and carotid plaque represent
different phases of atherogenesis, such that the progressive increase
in c-IMT (wall growth) would be a state before the development of
carotid plaque (34-37). According to this theory, c-IMT would be
a predictor of the formation of new plaques and would highlight its
importance as a tool for detecting individuals at high risk for future
CVD in its early stages. On the other hand, other studies argue that
¢-IMT and carotid plaque represent two different phases of vascular
remodeling (38, 39), supported by genetic studies that have revealed
the existence of different genes associated with c-IMT and carotid
plaque (40, 41).

Following this controversy, a meta-analysis was performed in
2019 of seven cohort studies including a total of 9,341 subjects who
showed a significant relationship between the occurrence of first
carotid plaque and increased baseline c-IMT, although this would
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not necessarily involve a direct association between the two. There
is a possibility that the considerable number of risk factors they
share may have played a role, despite multivariate adjustment (7). It
is clear that both measurements have been shown to be associated
with CV risk factors and with the incidence of CV events, with the
union of both measures being a better predictor of future CV events
than separately (5, 42, 43).

On the other hand, obesity, which is considered a public health
problem, is a chronic disease linked with an increased risk of
CV disease and all-cause mortality (44-46). Currently, scientific
societies recommend BMI and WC as indicators of obesity (13,
47, 48). However, these measures have several limitations, as they
neither discriminate between fat and muscle mass nor do they take
into account fat distribution, which is one of the main predictors of
metabolic disease risk (18, 49). In recent years, new anthropometric
indices have emerged with the aim of improving the estimation of
fat proportion and its relation with CV risk (14).

In our study, all anthropometric indices, except BMI, CUN-
BAE, and BAI, showed an association with pathological c-IMT in
the univariate analysis, but only ABSI, CI, and WWT did so after
accounting for confounders in the multivariate analysis. Recently,
our research group has published the relationship between
subclinical atherosclerosis in this study population assessed by
the presence of carotid plaques, with the new and traditional
anthropometric indices, finding that only the ABSI independently
showed an association with subclinical atherosclerosis (50).

The ABSI is a good estimator of central obesity and visceral
adiposity (15) and is considered a non-invasive and simple tool,
which can be easily applied to daily clinical practice. A significant
association between ABSI and c-IMT has been shown in two
previous studies (51). This relationship has also been observed
between ABSI and the presence of carotid plaque (52). Similarly,
this new anthropometric index has been related to an increase
in diabetes mellitus, hypertension, and CV disease, outperforming
WC and BMI in predicting CV and all-cause mortality (53, 54).

The CI hypnotized that subjects with less fat around the
abdomen have a cylinder shape while those with more fat
accumulation in the central area have a double-cone shape and
was proposed as a predictor of corporal fat distribution and obesity
(19, 21). Its value increases as a function of fat accumulation in the
abdominal region of the body. In previous studies, the CI has been
positively associated with insulin resistance, diabetes, hypertension,
and dyslipidemia, although with exclusively older adult samples
and divided by sex (55, 56). However, in a previous study, this
anthropometric index was not associated with c-IMT (57). No
other articles have studied this association.

In 2018, Park et al. suggested WWI as a novel simple
anthropometric index of obesity to assess adiposity by
standardizing WC by weight, showing a significant relationship
with both CV mortality and morbidity (20). In contrast to BMI
and WC, fat and muscle mass components could be better reflected
(58). In subsequent studies, WWT has been shown to be a superior
predictor of hypertension than WC and BMI and has been related
to increased risk of diabetes (59, 60). In a prospective study with a
cohort of 12,000 patients conducted earlier this year in southern
China, higher levels of WWI were associated with an increased
risk of CV and all-cause mortality (61). This is the first study to
investigate the relationship between WWT and c-IMT.
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TABLE 5 Predictors of pathological c—IMT (>0.90 mm). Univariate and Multivariable analyses.

Univariate

OR (C1%95)

Multivariable

p—value OR (CI%95) p—value

Traditional anthropometric indices

BMI > 30 Kg/m? 1.10 (0.79-1.52) 0.553 - -
WHR > 0.85 in women or 0.94 in men 1.64 (1.13-2.40) 0.009 0.95 (0.60-1.50) 0.840
WHItR > 0.5 2.47 (1.10-5.54) 0.028 0.77 (0.28-2.08) 0.608
Novel anthropometric indices

ABSI > 0.0866 2.66 (1.88-3.75) <0.001 1.61 (1.08-2.40) 0.017
AVI > 23.89 1.51 (1.08-2.12) 0.015 0.94 (0.62-1.43) 0.797
BAI > 36.40 1.29 (0.89-1.85) 0.168 - -
BRI > 6.96 1.93 (1.36-2.73) <0.001 1.30 (0.85-1.97) 0.215
CI>1.39 3.07 (2.18-4.34) <0.001 1.73 (1.15-2.60) 0.008
CUN-BAE > 41.70 0.75 (0.51-1.10) 0.144 - -
WWI > 11.92 2.77 (1.96-3.91) <0.001 1.74 (1.14-2.64) 0.009

Multivariate analysis was adjusted by age > 65 years, male gender, presence of arterial hypertension, diabetes mellitus, metabolic syndrome, cardiovascular event, SBP >140 mmHg, DBP > 90
mmHg, PP > 60 mmHg, TC > 190 mg/dL, LDL > 100 mg/dL, FPG > 126 mg/dL, HbA1C > 6.5%, eGFR < 60 ml/min, and use of antidiabetic and antihypertensive drugs.

ABSI, a body shape index; AVI, abdominal volume index; BAI, body adiposity index; BMI, body mass index; BRI, body roundness index; CI, conicity index; CUN-BAE, Clinica Universidad de
Navarra-Body Adiposity Estimator; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; WWI, weigh adjusted waist index. Bold means statistically significant values.

Sensibility

AUC (95%Cl); p-value

====BMI: 0.517 (0.473-0.562); p=0.465
w—\\HR: 0.625 (0.581-0.670); p<0.001
===\NHtR: 0.623 (0.580-0.667); p<0.001
=== ABSI: 0.662 (0.619-0.705); p<0.001

AVI: 0.603 (0559-0.648); p<0.001
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— Line of reference

FIGURE 2
ROC analysis to predict pathological c-IMT (>0.90 mm).
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In this study, ABSI, CI, and WWI were the anthropometric
indices that were independently associated with pathological c-
IMT (>0.90 mm). These anthropometric indices have in common
the result of adjusting WC for weight or BMI, being better
indicators of central obesity and visceral adiposity than traditional
anthropometric indices (14). Visceral adiposity is known to secrete
vasoactive compounds that act as inflammatory mediators, such
as protein C reactive or adipokines (e.g., interleukin-6, leptin,
and TNF-a), possibly inducing changes in arterial structure and
function (62-65), which may explain our findings. Inflammation
plays an important role in all phases of atherosclerosis, including
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the initial activation of endothelial cells, progression, and,
ultimately, its final complication of thrombosis (66).

Currently, there are no studies that provide the optimal cut-
off values of novel anthropometric indices to detect pathological
¢-IMT (>0.90 mm), so this study is the first to report such values.

This cross-sectional study has various limitations. First, this
was an observational study; consequently, our results only suggest
association and not cause-effect. Furthermore, all the individuals
enrolled were from our province; therefore, the findings may not be
appropriate for populations from other regions. On the other hand,
most of the participants had a moderate or high risk of CV disease,
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and our results may not be applicable to lower-risk populations.
Finally, age was statistically different between the two groups, and
it is known that increasing the age also increases the cardiovascular
risk in normoponderal subjects.

In conclusion, the results of our study, associated with the
previous literature, indicate that the ABSI, CI, and WWTI could be
good predictors of subclinical atherosclerotic measured by c-IMT.
Combinations of several anthropometric measures could further
enhance CV risk prediction, and we suggest that its use should
be implemented in daily clinical practice for the prevention and
control of CV events.
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