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Obesity, Cardiac Remodeling, and Metabolic Profile: Validation
of a New Simple Index beyond Body Mass Index
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Aim: The body mass index (BMI), the most used anthropometric index of obesity, has an important imitation, not taking into consideration
the distribution of body fat. We developed a new simple index: the waist-corrected BMI (wBMI), calculated as waist circumference (WC)
# BMI. The study aim was to assess the role of wBMI, compared to BMI, W(, and Waist-to-Height Ratio (WHtR) in predicting abnormal
cardiac geometry, insulin resistance, increased arterial stiffness. and dyslipidemia. Methods: This was a cross-sectional study that included
805 patients referred to our Department of Preventive Cardiology for risk factors evaluation and treatment. Eleven echographic and laboratory
parameters were determined, and receiver operating characteristic (ROC) curves were derived. Areas under ROC curves (AUC) were used
to assess the accuracy of the four indexes to identify unfavorable characteristics. Results: There were 29% overweight, 59% obese, and
77% hypertensive patients. Of 11 echographic and laboratory parameters, wBMI, BMI, WHiR, and WC had the largest AUC for identifying
3.1, 6. and 1 parameters, respectively, but with overlapping 95% confidence intervals. wBMI had the largest AUC for increased arterial
stiffness and insulin resistance; also, it was superior to BMI for increased left atrial volume, relative wall thickness, and triglyceride level.
Conclusions: In a large population with a high prevalence of obesity and hypertension, all four indexes were associated with unfavorable
characteristics. wBMI has the theoretical advantage of taking into account simultaneously the global fat mass and distribution and might be
useful for a better cardiovascular risk assessment.
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INTRODUCTION circumference (WC) is correlated with intra-abdominal fat
mass, which is an independent risk factor for insulin resistance,
diabetes, and CVD.!"*! On the other hand, WC has several
important limitations, as it does not distinguish between

Obesity has become a global epidemic, with an increasing
prevalence in all populations and age groups worldwide.
Excess body weight is an independent cardiovascular risk

factor and is associated with reduced overall survival. il subcutaneous and visceral adiposity and is influenced by
r is associated w ove survival.t’ .

body size.
Body mass index (BMI) is the most often used parameter
to define the degrees of overweight and obesity, both in
epidemiologic studies and by public health organizations.
Although this index is simple to calculate and accurate in
identifying increased cardiovascular risk, its main limitation
is that it evaluates “total obesity,” without accounting for
the distribution of body fat. The adverse role of abdominal
obesity in the development of cardiovascular diseases (CVD)
is well known, and anthropometric parameters for central

obesity might refine the evaluation of associated risk.” Waist This is an open access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and
Access this article online build upon the work non-commercially, as long as the author is credited and the new creations

| are licensed under the identical terms.

To overcome the limitations of BMI, several indexes of
obesity have been previously proposed: Matrices that combine
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BMI and WC, Waist-to-Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Adiposity Index, A body shape index.
Neveriheless, there are contradictory data in the literature
regarding their role in determining cardiovascular risk beyend
BMLE

We developed a new, simple index that takes into account both
BMII (correlated with total body fat mass) and WC (refiecting
mainly abdominal obesity): waist-corrected BMI (wBMI). It
is calcnlated as WC in meters x BMI in kg/m?, resulting in
kg/m. The aim of the study was to assess the role of wBMI,
compared to the classical index (BMI) and to other indexes
of obesity (WC and WHIR) in predicting abnormal cardiac
geometry, insulin resistance, increased arierial stiffness and
dyslipidemia in a large group of patients (pts) without the
known cardiac disease.

MeTHODS

Subjects

The study population inchided 8635 consecutive patients referred
to our Department of Preventive Cardiology for risk factors
evaluation and treatment. Medical history was obtained through
dircet questioning and by reviewing the medica! records.

\’eight and hcight were mcasur&,d in orthostatism, pa

WC was measured using an inelastic tape mcag
midpoint between the lower border of the rib cag
anterior superior iliac crest in standing position. The
Health Organization (WHO) cutoff values for BMI and
were used to classify the patients.

Blood pressure (BP) was measured for all patients and
hypertension was defined as systolic BP >140 mmHg, diastolic
BP =90 mmHg (at two separate measurements) or usc of
chronic treatment for systemic arterial hypertension.

All patients were examined using transthoracic
echocardiography. The exclusion criteria were: more than mild
valvular heart disease, left ventricular ejection fraction <50%,
or known coronary artery disease.

All patients signed informed consent for participation in this
Tesearch.

Echacardiography

All measurements were performed according to the American
Society of Echocardiography and the European Association of
Cardiovascular Imaging recommendations.® Left ventricular
mass (LVM) was detennined using the cube formula:
LVM = 0.8 x 1.04 = {([IVS + LVID + PWT]? — LVID?)
+ 0.6 g, where IVS is the interventricular septum, LVID is
the LV internal diameter, and PWT is the inferolateral wall
thickness. Relative wall thickness (RWT) was calculated with
the formula (1VS + PWT)YLVID.

“BSi=

Using pulsed wave Doppler echocardiography and pulsed
wave tissue Doppler imaging we measured mitral peak E-wave
velocity, septal mitral annular ¢’ velocity, and the E/e’ ratio
was calculated,

In the context of a high prevalence of obesity in our study
population, we did not use the usual indexation to body surface
area of the echocardiographic measurements because this
might lead to overcorrection of this parameters.” LV diastolic
diameter was indexed to height, with a cutoff value of 3.2 em/m
for women and 3.3 cm/m for men according to the reported
values in the literature.® LVM was indexed to height*? as
previously described, with a cuteff value of 44 g/m®? in women
and 49 g/m?? for men.®! LV diastolic volume was indexed to
height??, and because there are no established cutofT values in
the literature for this indexing method, we used an upper-limit
value corresponding to the fourth quartile (Q4) in our population.
The left atrial (1.A) volume was indexed to height, using a cutoff
value of §.333 ml/em for women and 0.390 ml/ero for men as
reported in a previous epidemiological study.['"

Vascular ultrasound
Carotid intima-media thickness (JIMT)} was measured
using two-dimensional vascular ultrasound, as the distance

. . between lumen-intima and media-adventitia interfaces.
Anthropometric parameters were measured for all patients, - -«

Thexvalues from the left and right common carotid arteries
wen—: averaged. To account for the wide range of ages in our

.mon (18-84 years), in the context of increaging IMT
| ;th age (reported values of 0.007 mm/year),[!'! we
his parameter to age. The upper-limit was defined as
rresponding to Q4.

stiffness index (BSI) was calculated using the formula:
In (SBP/DBP) x Dd/Ds-Dd, where SBP is systolic BP,
DBP is diastolic BP, Ds and Dd are the maximum and minimum
common carotid diameters.l'® To determine the commen
carotid arteries diameters, a color Doppler echocardiography
machine was used (Prosound Alfa 10; Aloka, Tokio, Japan),
with a 10-MHz linear array probe, implemented with a
high-resolution echo-iracking sysiem allowing accurate
measurements.

Laboratory parameters

For all patients, blood samples had been collected after >12 h
of fasting. Blood glucose and the lipid profile: Total cholesterol,
high-density lipoprotein (HDL)-cholesterol, low-density
lipoprotein-cholesterol, and triglycerides (TG) were
determined. The cutoff values were in accordance with those
recominended by current dyslipidemia guidelines.'™™ Patients
were categorized as dyslipidemic when they had abnormal lipid
values or were receiving treatment for dyslipidemia,

For 417 patients, we determined fasting insulinemia
and calculated homeostasis model assessment
for insulin resistance (HOMA-IR) using the formula:
HOMA-IR = (glucose [nmol/L] x insulin [uU/L)/22.5). The
cutoff value used was 2.5 which is demonstrated to have good
sensitivity and specificity.t™!

.Jouma[ of Cardiovascular Echography | Volume 28 | Issue | | Japuary - March 2018




41

[Downloaded free from hitp://iwww.jcecho.org on Wednesday, March 7, 2018, IP: 188.125.99.210]

Antonini-Canterin. ef al.: A new index of obesity

Statistical analysis

Statistical analvses were performed using IBM SPSS Statistics
Version 20 (IBM Corporation, Armonk, New York, United
States of America). Descriptive statistics were summarized
using means and standard deviation for continuous variables,
while categorical variables were presented as numbers and
percentages. Receiver operating characteristic (ROC) analyses
were used Lo calculate the area areas under ROC curves (AUC)
to assess the accuracy of wBMI, BMI, WHIR, and WC to
identify patients with unfavorable characteristics. P < (.05
was considered to indicate statistical significance.

Resutts

The main clinical and paraclinical characteristics of the
study population are summarized in Table 1. The mean
age was 57 + 14 years, and 44% were men. There were
796 (99%) patients in sinus rhythm, and 9 (1%) patients had
atrial fibrillation. The prevalence of overweight and obesity
was 29% and 59%, respectively. The prevalence of obesity
categories was different across genders (P < 0.001): women
had in a higher proportion normal weight (13.9% women
vs. 8.8% men, P < 0.05) and obesity Grade 11 (20.4% in
women, 11.6% for men, P < (.05). while men were more often
overweight (34.6% men vs. 24.3% women, P < (.05) and obese
Grade 1 (30% vs. 21.2%, P < 0.05). In addition, women had
more often substantially increased WC according to the WHO

categories (86.1% women vs. 66.6% men, P < 0.05). About.

68% of the population had dyslipidemia, but only 16% wer

receiving a statin. There was a high prevalence of systemic

arterial hypertension, the majority of patients being treated
with antihypertensive drugs (84% of the hypertensive patients).

There was a strong correlation between wBMI and BMI

(r=0.975, P<0.001), WC (+=0.931, P <0.001), and WHIR
(r=0.914, P < 0.001).

Figure | represents the relationship between BMI and wBMI
stratified by gender. By incorporating the information regarding
the fat distribution, wBMI will have higher values than BMI in
obese patients with WC increased over | m, categorizing them
into a higher risk class. Using wBMI, 13% of the overweight
patients would be reclassified into a higher risk category which
would correspond to obesity Grade 1, while 27% would be
reclassified into a lower risk category. In the same time, almost
half of the patients with Grade [ obesity (49%]) would have even
a higher risk than that provided by BMI. given the increased
central fat mass, while in 7% of cases BMI may overestimate
the health risk. In Figure 1, it can be observed that the trend
line for wBMI values in men has a higher slope than the trend
line for women, which means that men have higher wBMI
values when compared to the corresponding BMI, reflecting
the well-known gender influence in fat distribution.

Table | summarizes the main echocardiographic parameters
evaluated in the study population. The majority of patients had
increased LVM indexed to height*” (74%) and RWT (82%).
LV diastolic diameter indexed to height was increased in 7%

Characteristics

Value
Clinical characteristics
Gender-men, n (%) 383 (%)
Age (years) 57+14
Height (¢cm) 165£10
Weight (kg) 91+23
BMI (kg/m) 3327
Body surface area (m?) 2+0.3
Overweight, 7 (%) 232(29)
Ohesity. 1 (%)
Grade | 202 (25)
Grade 11 144 (18)
Grade 111 133 (16)
Waist-corrected BMI (kg/m) 36413
Waist circumference (cm) 10615
Waist-to-height ratio 0.64:0.1
Dyslipidemua, » (%) 548 (68)
Increased LDL-C. n (%) 255(32)
Low-HDL-C, 2 ("4} 22027
Increased triglycerides 20937
Treatment, # (%}
Statin 130 (16)
200 (25)
224(28)
23129)
108 (13}
! 273 (34)
 Systolic blood pressure (mmHg) 14619
Diastolie blood pressure (mmHg) 87£10
Systemic arterial hypertension, n (%) 622(7T)
abetes mellitus, » (%) 123 (1%)
Renal chronic disease. n (%) 154 (19)
History of smoking, n (%) 280 (35)
Ecographic characteristics
LV diastolic diameter (mm) 484
LV systolic diameter (mm) 3044
LV diastolic diameter/height (mm/m) 29+2
LV end-diastolic volume {ml) 112424
LV end-systolic volume (ml) 3713
Interventricular septum (mmy) 12+1
Infero-lateral wall (mmj 11+1
RWT 0.47£0.6
LVM (g) 21250
LVMi(g/m™) 54412
LV ejection fraction (%) 624
LA volume (ml) 41+15
LA volume/height (ml/m) 0.24:0.09
Septal E/E’ ratio 8.3+2.7
Beta stiffness index 7.7£3
IMT (mm) 0.9+0.2

ACEl=Angiotensin converting enzyme inhibitors, ARB=Angiotensin
receptor blockers, BB=Beta blocker, CCB=Calcium channel blocker,
LV=Left ventricle, RWT=Relative wall thickness, LVM=Left ventricular
mass, LA=Left atrial, LVMi=LVM mndex, BMI=Body mass index,
LDL-C=Low-density lipoprotein cholesterol. HDL-C=High-density

lipoprotein cholesterol
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of cases, and 9% of patients had increased LA volume indexed
to height.

ROC curves were derived to evaluate the power of BMI, wBMI,
WC, and WHIR to identify patients with unfavorable cardiac
remodeling, insulin resistance, increased arterial stiffness,
TG levels, and low-HDL-cholesterol levels [Figures 2 and 3].

All four indexes of obesity were correlated with unfavorable
cardiac remodeling. wBMI showed a greater AUC than BMI
for LA volume and RWT. BMI had a larger AUC than wBMI
for LV diameter, LV volume, and LVM. WHItR showed the
largest AUC for all these parameters, while WC consistently
had the lowest AUC, although the 95% confidence intervals
were overlapping between these four indexes [Table 2]. All four
parameters had relatively low AUC for identifying E/E’ >8.

 wBMI (kg/m}

;;v" [;;}”:\)\ 55 0 85 ki n &
Figure 1: The relationship between body mass index and waist-corrected
body mass index stratified by gender. Men and women are represented
by blue dots and red diamonds, respectively. The black continuous line
represents the mathematical equation f(x) = x. The black dotted and gray
lines represent the trend lines for men and women, respectively

W o1 o W W M

All the studied indexes of obesity showed a good correlation
with metabolic abnormalities. wBMI had the largest AUC for
identifying increased BSI and IMT, followed in decreasing
order by BMI, WC, and WHtR. WC had the largest AUC
for TG levels, followed by wBMI, BMI, and WHtR, which
contrasts with the results obtained for HDL-cholesterol levels:
WC had the lowest AUC in identifying patients with low levels
of HDL-cholesterol. Furthermore, WHtR was inferior to BMI
and wBMI in identifying patients with low-HDL-cholesterol.
Again, the 95% confidence intervals were overlapping between
these four indexes [Table 2].

In the subgroup of 417 patients, where HOMA-IR was
available, all four indexes showed a very good accuracy in
identifying patients with insulin resistance, wBMI having the
largest AUC, followed by WC, BMI, and WHIR.

Discussion

Obesity is a major public health problem. with a dramatic
increase in the global prevalence over the last decades.l”!
It is estimated that over 50% of the European Union adult
population is overweight, with an overall obesity prevalence
of 13.9%.1"%

Excess body weight is associated with several conditions
(including ischemic heart disease, stroke, hypertension,
diabetes mellitus, cancer, infertility, sleep apnea, osteoarthritis,
gout, and dementia) being one of the most important modifiable
risk factors.!' 519

is correlated with total body fat mass, but it does not
provide information about fat distribution and overestimates
_fat mass in highly muscular adults. Furthermore, BMI
underestimates adiposity in the elderly.l'”) In the general
population, obesity is an independent risk factor for developing
heart disease, but among patients with established coronary
artery discase or heart failure. it was recognized that obesity

wBMI BMI WeC WHIR
AuC 95% CI P AUC 95% Cl P AUC 95% Cl P Auc 95% CI P
LAVI 0.71 0.65-0.77 <0.001 0.70 0.64-0.706 <0.001 0.70 0.64-0.76 <0.001 0.73 0.67-0.78 <0.001
LVEDDi 0.70 0.63-0.77 <0.001 0.72 0.65-0.79 <0.001 0.66 0.59-0.74 <0.001 0.73 0.67-0.80 <0.001
LVEDVi 0.64 0.59-0.68 <0.001 0.65 0.60-0.70 <0.001 0.61 0.56-0.65 <0.001 0.67 0.63-0.71 <0.001
LVMi 0.68 0.64-0.72 <0.001 0.69 0.65-0.73 <0.001 0.65 0.60-0.69 <0.001 0.73 0.69-0.77 <0.001
RWT 0.58 0.52-0.63 0.006 0.57 0.51-0.63 0.010 0.57 0.52-0.63 0.003 0.60 0.55-0.66 <0.001
E/E >8 0.54 0.50-0.58 0.043 0.55 0.51-0.59 0.025 0.54 0.49-0.58 0.096 0.55 0.51-0.59 0.014
BSI 0.60 0.55-0.64 <0.001 0.60 0.55-0.64 <0,001 0.59 0.55-0.64 <0.001 0.58 0.54-0.63 <0.001
HOMA-IR 0.84 0.80-0.88 <0.001 0.83 0.79-0.87 <0.001 0.83 0.79-0.87 <0.001 0.82 0.78-0.87 <0.001
IMT 0.68 0.64-0.72 <0.001 0.68 0.64-0.72 <0.001 0.67 0.63-0.72 <0.001 0.63 0.58-0.67 <0.001
TG 0.58 0.54-0.62 <0.001 0.57 0.53-0.61 0.001 0.58 0.54-0.62 <0.001 0.57 0.53-0.61 0.001
HDL-C 0.65 0.61-0.69 <0001 0.66 0.62-0.70 <0.001 0.63 0.59-0.67 <0.001 0.64 0.60-0.68 <0.001

AUC=Area under the curve, BMI=Body mass index, BSI=Beta stiffness index, CI=Confidence intervals, HDL-C=High density lipoprotein cholesterol,
HOMA-IR=Homeostasis model assessment for insuline resistance, IMT== Intima-media thickness, LAV I=Left atrial volume indexed to height, LV=Left

ventricle, LVEDDi=Left ventricular end-diastolic diameter indexed to height. LVEDVi-Left ventricular end-diastolic volume indexed to height®”,

RWT=Relative wall thickness, TG=Triglycerides, wBMI=Waist corrected BMI, WC=Waist circumference, WHtR~Waist to height ratio, LVMi=LVM
index. LVM=Lefi ventricular mass
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Figure 2: Receiver operating characleristics curves for the four anthropomaetric indexes and different echocardiographic parameters. (a) Left afrial
volure indexed to height; (b) lett ventricular diameter indexed to height; (c) left ventricular volume indexed to height??; (d) left ventricular mass indexed

to height?’; (e} relative wall thickness

(as described by BMI) is associated with lower mortality (the
“obesity paradox™)."¥ The obesity paradox might be reflective
of the BMI limitations in characterizing fat mass and
distribution, and the concomitant utilization of central obesity
indexes might be useful [

Excess abdominal fat is an independent risk factor for insulin
resistance, diabetes, adverse lipid profile and CVD,'¥ g0
similar BMI values may not correspond to the same associated
health risk in different individuals. Recently, it was recognized
the role of so-called normal weight obesity (i.¢., normal
body weight by BMI, but with high-fat percentage) as a
cardiovascular risk factor.?'! It was shown that using BMI as

the sole anthropometric index of obesity would misclassify
25% of patients as having low-cardiovascular risk based on
normal BMLP In our study, using wBM! would reclassity 9%
of normal and overweight patients in a higher risk category
corresponding to obesity Grade I. This might better identify
increased cardiovascular risk in nonobese population as
characterized by BMI.

WC is a simple and practical index of intra-abdominal fat
mass, but it is highly influenced by body size, and it does
nol distinguish between subcutaneous and visceral adiposity.
The metabolic syndrome is strongly correlated with visceral
fat accumulation. The association between elevated WC and
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Figure 3: Receiver operating characteristics curves far the four anthropometric indexes and different carotid ultrasound and laboratory parametars.
(3) Befa stiffness index; {h) homeostasis modal assessment for insulin resistance (€) carotid infima-media thickness indexed to age; (d) triglycerides

levels; (e) high-density lipoprotein cholesterol

TG levels is considered a marker of “dysfunctional adipose
tissue™ (visceral obesily) with an incapacity of storing energy
surplus in subcutaneous adipose tissue.*** In our study, WC
showed the largest AUC in identifying patients with increased
TG levels., Increased values of HOMA-IR, which is an index
widely used to detect insnlin resistance,**! were best identified
by wBMI. BMI had the largest AUC in identifying low-HDL
levels.

To overcome BMI and WC limitations, matrices that combine
these two parameters were developed to better estimate
the cardiovascular risk owing to the added value of WC in
describing the abdominal fat,®® but this might be a more

time-consuming process in daily clinical practice. At the same
timme, it was reported that WHtR might have a better correlation
with increased cardiometabolic risk factors (abnormal HDLc,
TC/HDLc ratio, TG, and systolic BP) than this matrix.[*! In this
study, WHIR had lower AUC than wBMI in identifying patients
with increased TG, insulin resistance and low-HDL-cholesterol
levels.

Krakauer and Krakauer proposed A body shape index (ABSI)
as WC corrected for weight and height lo diminish the influence
of BMI over WC and to better estimale the intra-abdominal
fat.? ABSI is calculated using WC divided into BMP? and
height'?, and it was proved as a risk factor for premature

-Jaumal of Cardiovascular Echography | Volume 28 | Issue 1 | Junuary - March 2018
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mortality. This index expresses the excess risk from high WC
for a given BMLP but it is relatively difficult to calculate,
and it must be used in conjunction with BML

Obesity, through its specific neurohormonal and metabolic
alterations, can lead to hemodynaniic changes causing
modifications in cardiac and vascular morphology and function.
The degree of adiposity is associated with adverse cardiac
remodeling, which ultimately leads to the development of
so-called obesity cardiomyopathy. It was shown that BMI and
WC are associated with a greater LVM, LV volume, concentric
remodeling and increased LA dimensions.P##1 These cardiac
alterations continue to worsen in obese Grade Il patients
with increasing BMI values.” In addition, a greater duration
of obesity was associated with increased LVM.I Increased
LVM and concentric LV remodeling were proven as important
independent risk factors for cardiovascular events. [}
Obese patients had increased RWT even after adjusting
for bypertension® At the same time, LV diastelic function
worsens with increased fat mass.31 Iinportantly, weight loss
is capable of inducing cardiac reverse-remodeling.”*¥ Our data
showed that WHIR had the highest AUC when we analyzed LA
volume, LV diameter, LV volume, LVM and RWT, although
the 95% confidence intervals were overlapping between the
four studied indexes. wBMI had higher AUC than BMLI. for
2 out of 5 echocardiographic parameters of adverse cardiac
geometry (LA velume and RWT), while WC had thc Iowu;t
AUC for all 5 parameters. : .

¥

Obese patients have higher IMT and arterial stiffness th':én :

Although there is a significant correlation between BMI, WC,
WHiR, and WHR, and all these parameters demonstrated
significant proguostic value, it is still unclear which index of
obesity describes better the individual risk, with contradictory
dara in the literature 1?2355 A meta-analysis of 58 prospective
studies showed that BM1, WC, and WHR had a similar
association with risk of first-onset CVD.PY These results are
different from that reported in INTERHEART, which showed
that BMI was weakly associated with royocardial infarction,
while WHR ratio was 3 times more strongly related to this
outcome.P* Other authors reported that WC was significantly
related to all-cause mortality, even when it was stratified
by BMI category.?**! [n another study, it was shown that
WC and WHIR had a better correlation with hypertension,
hyperglycemia, and dyslipidemia than BMI. The investigators
concluded that the combination of indexes of general and
central adiposity would result in a better estimation of CVD

normal weight patients, It was reported that paramotus of.
central obesity (WC and WHIR) had a better correlatlon
with aortic stiffriess than BMLP4 BS1 is a marker for artcnal
stiffness, detecting subclinical atberosclerosis changes in’
the vessel wall, and it estimates the arterial compliance
independent of the BP effect.'™ Our data showed that wBMI
had the largest AUC in predicting increased BSI. In addition,
wBMI was slightly superior to the other three indexes in
identifying patients with increased TMT.

[p—

risk.™ Furthermore, a large prospective study showed that
adjustment for BMI increased the strength of the association
between WC and mortality.? On the other hand, other authors
reported that the prediction of inira-abdominal fat mass by WC
was nol improved by the addition of BML¥! Tn our study, of 11
echographic and laboratory parameters, wBMI, BMI, WHIR,
and WC had the largest AUC for identifying 3, 1, 6, and 1
parameters, respectively, but with relatively small differences
and overlapping 95% confidence intervals.

Study limitations

Given lhe enrolling method. the prevalence of multiple
associated cardiovascular risk factors was high in our study,
and therefore, the results are not powerful enough to be applied
to the gencral overweight and obese population. Because of
the study design, we cannot establish a temporal sequence
of the observed cardiovascular abnonmalities. This was a
cross-sectional study, which did not allow the assessment of
obesity duration, a factor which might influence the studied
parameters. Participants were receiving different classes of
antihypertensive medication, and this could be a confounding
factor for which we did not account for in our analysis.

ConcLusions

Cmnhmmg BMI and WC into a single index might be useful for
bettercharactenzatmn of obesity regarding the cardiovascular

risk. Theoreucally, wBMI has the advantage of taking into

dccount simultaneously the global fat mass and fat distribution
arid therefore could overcome some limitations of BMI and
wer Usmg this index, 47% of the overweight and obese

_(;r'tdc I pancnts would be reclassified in lower or higher risk

categories, secondary to the additional prognostic value of WC.

In a large population with a high prevalence of obesity and
hyperiension, wBMI, BML, WC, and WHtR were all associated
with adverse cardiac remodeling patterns, increased arterial
stiffiness, increased insulin resistance, and unfavorable lipid
profile. Although wBMI showed the largest AUC for BSI,
IMT, and HOMA-IR, and was superior to BMI in identifying
increased LA volume, RWT, and TG levels, the differences
were small, with overlapping 95% confidence intervals.

Given the known prognostic implications of these struciural
and functional abnormalities, it is likely that wBMI might be
useful for a better stratification of cardiovascular risk. Further
studies are needed to specifically address the prognostic role
of this new index compared to the conventional ones.
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