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Brief Summary

The purpose of this study was to examine the association between amount and distribution of body fat
and LV hypertrophy and systolic dysfunction in aortic stenosis (AS) patients. The increased total
adiposity as well as a high proportion of visceral adipose tissue (VAT) are both associated with LV
hypertrophy, independent of AS severity and hypertension. The excess VAT and a high proportion of
VAT relative to total adipose tissue are independently associated with impaired LV systolic function in

AS.



ABSTRACT

Background: Recent studies have reported that obesity, metabolic syndrome, and diabetes are
associated with LV hypertrophy (LVH) and dysfunction in aortic stenosis (AS) patients. The
purpose of this study was to examine the association between amount and distribution of body fat
and LVH and systolic dysfunction in AS patients.

Methods: 124 patients with AS were prospectively recruited in the PROGRESSA study and
underwent Doppler-echocardiography and computed tomography (CT). Presence and severity of
LVH was assessed by LV mass indexed for héigkitVMi) and LV dysfunction by global
longitudinal strain (GLS). CT was used to quantify abdominal visceral (VAT) and subcutaneous
(SAT) adipose tissue, and total adipose tissue (TAT).

Results: Body mass index (BMI) correlated strongly with TAT (r=0.85), moderately with VAT
(r=0.70), and SAT (r=0.69), and weakly with the proportion of VAT (VAT/TAT ratio: r=0.19). In
univariate analysis, higher BMI, TAT, VAT, SAT, and VAT/TAT were associated with increased
LVMi whereas higher VAT and VAT/TAT ratio were associated with reduced GLS. Multivariate
analysis revealed that larger BMI (p<0.0001) and higher VAT/TAT ratio (p=0.01) were
independently associated with greater LVH, whereas only the VAT/TAT ratio (p=0.03) was
independently associated with reduced GLS.

Conclusion: This study suggests that both total and visceral adiposity are independently
associated with LVH in AS patients. Furthermore, impairment of LV systolic function does not
appear to be influenced by total obesity but is rather related to excess visceral adiposity. These
findings provide impetus for elaboration of interventional studies aiming at visceral adiposity in

AS population.
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INTRODUCTION

The pressure overload associated with aortic stenosis (AS) and/or systemic arterial hypertension
leads to the development of left ventricular hypertrophy (LVH). LV hypertrophy has been linked

to occurrence of LV diastolic and systolic dysfuncttoncreased risk of cardiac eveftshigher
operative risk for aortic valve replacement (AVR) and worse long-term outédmése AS
population.

In the SEAS trial (Simvastatin Ezetimibe in Aortic Stenosis), larger body mass index, a crude
marker of total adiposity, was associated with LV hypertrophy in patients with asymptomatic AS,
independent of AS severity and presence of concomitant hypert&risithe ASTRONOMER

trial (Aortic Stenosis Progression Observation: Measuring Effects of Rosuvastatin), we reported
that metabolic syndrome and insulin resistance were associated with higher prevalence of
concentric LVH and more pronounced impairment of LV systolic function at baseline as well as
with faster progression of LVH during follow-up® Lindman et al. also reported an association
between type 2 diabetes and LV hypertrophy and dysfunction in patients with severe AS.

Because of its strong link with insulin resistance and type 2 diabetes, we hypothesized that excess
visceral adiposity could be one of the key factors underlying the clinical association between
obesity, metabolic syndrome, or diabetes and the development of LV hypertrophy and
dysfunction in the AS population. The respective contributions of total versus visceral adiposity
to variation in LV geometry and function among AS patients remain unknown. The objective of
this prospective study was thus to examine the association between the content and distribution of

body fat and the presence of LV hypertrophy and systolic dysfunction in patients with AS.



METHODS

Patients with AS recruited in the PROGRESSA study (Clinical Trial register: NCT01679431)
underwent comprehensive Doppler-echocardiography to assess aortic valve morphology and
function, LV geometry and function, and global LV hemodynamic load. Moreover, the amount
and distribution of body fat were evaluated by body mass index (BMI) and waist circumference,
as well as by computed tomography (CT) with the analyses of cross-sectional images of the
abdomen at the L4-L5 intervertebral space. Detailed description of the methods is available in the

Online Supplementary Materials.

Statistical Analysis

Continuous data were expressed as mean * standard deviation. The continuous variables were
tested for normality of distribution and homogeneity of variances with the Shapiro-Wilk and
Levene tests, respectively. These variables were then compared with unpaired Student t-test or
two-way ANOVA followed by a Tukey’s post hoc test when appropriate. Categorical data were
expressed as percentage and compared with the Chi-square or Fischer's exact tests when
appropriate. Correlations between anthropometric (i.e. BMI or waist circumference) and CT
parameters (i.e. total adipose tissue [TAT], subcutaneous adipose tissue [SAT], visceral adipose
tissue [VAT] and VAT/TAT ratio) of adiposity were determined using Pearsons’s product-
moment correlations. Multivariate linear regression analyses were performed to identify the
impact of each anthropometric or CT parameters of adiposity on the study end-points (i.e. LV
mass index [LVMi], LV ejection fraction [LVEF], and global longitudinal strain [GLS]). The
following relevant variables were entered simultaneously in the multivariable models: age,

gender, hypertension, systolic blood pressure, diabetes (LVMi only), coronary artery disease,



creatinin level (LVMi only), peak aortic jet velocity, and valvulo-arterial impedance.
Standardized regression coefficients were presented as mean + standaftetrroodff + SE).

Given the high level of correlations between parameters of adiposity, multivariate models were
inspected for multicollinearity by calculating the Variance Inflation Factor. A p value < 0.05 was

considered statistically significant for all statistical analyses.

RESULTS
Population Characteristics

Among the 124 patients included in this study, mean age was 67+13 years, 73% were men and
71% had systemic arterial hypertension, 40% presented coronary artery disease, 67%
hyperlipidemia, 33% metabolic syndrome, and 20% diabetes. LDL cholesterol was 2.33+0.83
mmol.I', HDL cholesterol was 1.41+0.43 mmdl.ltriglycerides was 1.41+0.76 mmal.land
creatinin level was 84 +21 umot.I The average peak aortic jet velocity was 2.9+0.6" npsak

and mean transvalvular gradient were 34+13 mmHg and 1918 mmHg respectively, whereas
aortic valve area was 1.25+0.31Tr1 (25%) patients presented severe AS. Mean systolic and
diastolic blood pressures were 138+18 mmHg and 77+9 mmHg, and mgamaZ 3.6+0.8
mmHg.mit.m?% The LVMi was 49.6+10.2 g.fn’ and the RWT was 0.52+0.08. The mean LVEF

was 66+6% and mean GLS was 20.6£3.1|%| (Table S1 in Online Supplementary Materials).
Body Fat Content and Distribution

In the overall sample, BMI was 28.3+4.4 kif.rand waist circumference was 100+13 cm. The
CT-derived adiposity variables were: TAT: 482+169°c®AT: 273+103 c) VAT: 209+104

cnt and VAT/TAT ratio: 0.42+0.11 (Table S1 in Online Supplementary Materials).



Figure 1 shows the correlation between the clinical and CT parameters of adiposity. The TAT
was strongly correlated with BMI (r=0.85, p<0.0001; Figure 1, Panel A) and waist circumference
(r=0.84, p<0.0001; Figure 1, Panel B). There was a moderate correlation between SAT and BMI
(r=0.69, p<0.0001; Figure 1, Panel C) or waist circumference (r=0.59, p<0.0001; Figure 1,
Panel D). VAT appeared to correlate better with waist circumference (r=0.79, p<0.0001; Figure
1, Panel F) than with BMI (r=0.70, p<0.0001; Figure 1, Panel E). The VAT/TAT ratio correlated

weakly with BMI (r=0.19, p=0.03, Figure 1, Panel G) and waist circumference (r=0.33,

p<0.0001; Figure 1, Panel H).

Association between Adiposity Parametersand LV Hypertrophy
In univariate analysis, higher values of BMI (p<0.0001), waist circumference (p=0.0002), TAT
(p=0.002), VAT (p<0.0001), and VAT/TAT ratio (p=0.0003) were significantly associated with

larger LVMi whereas SAT was not (p=0.33) (Table S2 in Online Supplementary Materials).

After adjustment for clinical and echocardiographic data, BMI, waist circumference, TAT, VAT,
and VAT/TAT ratio remained associated with larger LVMi (Table S2 in Online Supplementary
Materials). In a second multivariate model including the clinical and echocardiographic factors as
well as the adiposity parameters that were significant in the first model (i.e. BMI, waist
circumference, VAT, and VAT/TAT ratio), only BMI (p<0.00001) and VAT/TAT ratio (p=0.01)
remained significantly associated with larger LVMi (Table S2 in Online Supplementary
Materials; model R2 = 0.35). In the latter model, TAT was not included as the preferred index of
total adiposity due to its strong collinearity with BMI. Further adjustment for bicuspid valve
phenotype provided similar results. The Variance Inflation Factor was <10 thus confirming that

the level of multicollinearity in these multivariate models is acceptable.



After dichotomisation (median value) of the two indices of adiposity independently associated
with LVMi in multivariate analysis, patients with the combination of high BMI and high
VAT/TAT ratio had significantly higher LVMi (Figure 2, Panel A) and also showed a greater
prevalence of LVH (Figure 2, Panel B) compared to the 3 others groups. The subgroup that had
the lowest LVMi and prevalence of LVH also had both low BMI and low VAT/TAT ratio values.
There was no significant interaction between BMI and VAT/TAT ratio and these 2 parameters

thus had additive but not synergistic effects on LVMi.

Association between Adiposity Parametersand LV systolic dysfunction

In univariate analysis, BMI (p=0.25) was not associated with reduced LVEF and waist
circumference was of borderline significance (p=0.05). VAT (p=0.04) and VAT/TAT ratio
(p=0.03) were the only adiposity parameters associated with reduced LVEF (Table S3 in Online
Supplementary Materials). After adjustment for clinical and echocardiographic data, VAT and
VAT/TAT ratio remained associated with lower LVEF (Table S3 in Online Supplementary
Materials). However, after including both indices in the multivariate model, none of them

reached statistical significance (Table S3 in Online Supplementary Materials; model Rz = 0.14).

In univariate analysis, VAT/TAT ratio (p=0.009) was significantly associated with reduced GLS
and there was a trend for association with VAT (p=0.07). After adjustment for clinical and
echocardiographic data, both VAT and VAT/TAT ratio were associated with lower GLS. When
both parameters were included in the multivariate model, only VAT/TAT ratio remained
independently associated with impaired GLS (Table S4 in Online Supplementary Materials;
model R2 = 0.16). Further adjustment for bicuspid valve phenotype provided similar results. The
Variance Inflation Factor was <10 for all multivariate models presented in Tables S3 and S4

(Online Supplementary Materials).



After dichotomisation (median value) of VAT and VAT/TAT ratio, the patients with both high
VAT and high VAT/TAT ratio had significantly lower GLS compared to those with high VAT
but low VAT/TAT ratio as well as those with low VAT and low VAT/TAT ratio (Figure 2, Panel
C). In addition, patients with low VAT and high VAT/TAT ratio also had lower GLS compared
to those with high VAT and low VAT/TAT ratio. There was no significant interaction between
VAT and VAT/TAT ratio with regards to impact on GLS and the effects of these 2 adiposity

parameters were solely additive.

DISCUSSION

The main findings of this study argl) Increased total adiposity as well as a high proportion of
visceral adipose tissue are both associated with LVH, independent of AS severity and
hypertension(2) Excess VAT and a high proportion of VAT relative to TAT are independently
associated with impaired LV systolic function in AS, whereas excess total adiposity is not; (3)

SAT is not associated with LV hypertrophy or dysfunction.

Amount and distribution of body fat versusLV hypertrophy

In patients with AS, LVH compensates for pressure overload. However, the magnitude of LVH is
highly variable from one patient to another and may often become inappropriately high for the
level of stroke work. Hence, severe LVH has been linked to worse outcomes in patients with
AS.l’ 3-510

In the SEAS study after correction for stenosis severity and hypertension, a greater BMI was
associated with the presence of LYHhe present findings endorse and extend these previous

findings. Larger BMI was indeed the most powerful predictor of higher LV mass even after



adjustment for other clinical and echocardiographic parameters. BMI is the anthropometric
variable most frequently used in clinical practice to assess total adiposity and to diagnose obesity.
Obesity produces an increment in total blood volume and cardiac output that is caused in part by
the increased metabolic demand induced by excess body weight. Thus, at any given level of
activity, the cardiac workload is augmented in obese subjects. In the Strong Heart Study, the
cardiac output was 20 to 40 % higher in obese individuals compared to lean individuals of the
same height! In the context of AS, this increase in stroke volume associated with obesity may
result in a substantial increase in gradient and thus in pressure overload, given that the gradient is
a squared function of flow. In addition, in obese patients, the Frank-Starling curve is shifted to
the left because of incremental increases in left ventricular filling pressure and volume, which
over time may produce chamber dilation and LVH. The findings of the present study show that
total adiposity is the most important metabolic determinant of LVH in patients with AS.
Furthermore, these findings also demonstrate that besides the total amount of body fat, the
regional distribution of adipose tissue also plays an additive role in the development of LVH.
Indeed, in the present study, a greater proportion of VAT relative to TAT was associated with
LVH independently of BMI.

Visceral obesity has been linked to insulin resistance and to a cluster of metabolic abnormalities
often referred as the metabolic syndrothén the ASTRONOMER study, we reported that
metabolic syndrome and insulin resistance were associated with higher prevalence of LV
concentric hypertrophy at baseline and faster progression of LVH during follow-up in patients
with mild to moderate AS.% In a cross-sectional study of patients with severe AS undergoing
valve replacement, Lindman et al. showed that type 2 diabetes is associated with more
pronounced LV hypertrophy and worse systolic funclisfisceral obesity, metabolic syndrome,

and diabetes are associated with hypertension and, in turn, hypertension may contribute to
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LVH.*® However, in the present study, VAT and VAT/TAT ratio remained associated with
increased LVMi, independently of the diagnosis of hypertension, the systolic blood pressure, and
the valvulo-arterial impedance, suggesting that other factors related to visceral obesity and
ensuing insulin-resistance may be involved in the development of LVH in AS. To this effect, it
should be emphasized that insulin resistance is one of the predominant metabolic abnormalities
associated with visceral obesity and insulin resistance may promote myocardial hypertrophy and
fibrosis through several signaling pathways including Akt, TsRnd PPAR’ Moreover, a

recent study in a large US population reported an association between plasma concentration of
free fatty acid, which is typically elevated in patients with visceral obesity, and the incidence of
heart failure'

The findings of this study thus suggest that development of LV hypertrophy in AS patients is not
solely determined by the magnitude of LV pressure overload, but is also, in large part, related to

the total amount as well as the regional distribution of body fat.

Amount and distribution of adiposity versusLV systolic dysfunction

In the ACC/AHA-ESC guidelines for the management of AS, LV systolic dysfunction is defined
solely by the LVEF. However, LVEF is also influenced by LV geometry and it underestimates
the extent of myocardial systolic dysfunction in presence of LV concentric hypertrophy, as is
often the case in patients with AS. Accordingly, several studies report that up to one third of
asymptomatic patients with preserved LVEF have a significant impairment of intrinsic
myocardial systolic function as documented by parameters of LV longitudinal fuhttfon.
Furthermore, these parameters have been shown to be superior to LVEF to predict adverse
outcomes in AS®? From a pathophysiological standpoint, these data are consistent with the

concept that the increase in wall stress and intra-myocardial pressure as well as the reduction in

11



myocardial blood flow in AS occur mainly in the subendocardium, where the myocardial fibers
are oriented longitudinally. To overcome these inherent limitations of the LVEF, we also used the
global longitudinal strain to assess LV systolic function.

As opposed to what was observed for LVH, total adiposity does not appear to be significantly
associated with the LV systolic dysfunction in AS. In fact, the VAT and VAT/TAT were found to

be the main adiposity parameters associated with reduced LVEF and GLS in this study. The
effect of these parameters appears to be additive but not synergistic. These associations persisted
after adjustment for stenosis severity, hypertension, and global hemodynamic load.

Chronic LV pressure overload induces a shift in myocardial substrate oxidation from free-fatty
acids (FFA) towards carbohydrafés®® In a myocardium already confronted to reduced FFA
oxidation because of pressure overload, insulin resistance linked to visceral obesity may further
enhance FFA supply, and thereby aggravate the accumulation of triglycerides within the
myocytes’® This inappropriate accumulation of lipids in the hypertrophied myocardium may
result in contractile dysfunction and eventually cell apoptosis (i.e. lipotoxicity phenonfénon).

To this effect, Mahmod et al. reported that pronounced myocardial steatosis is present in patients
with severe aortic stenosis and is independently associated with reduced LV systolic fdnction.
Marfella et al. also found that among patients with severe AS, those with metabolic syndrome
have more pronounced myocardial steatosis and this was associated with lower LV ejection
fraction*

The other mechanisms that could explain the independent association between visceral obesity
and LV systolic dysfunction in AS include the following: i) Excessive epicardial fat may secrete
locally acting cytokines and/or adipokines that may alter myocardial furfetin:Visceral

obesity and metabolic syndrome associated with impaired coronary microvascular function,

which may, in turn, negatively impact myocardial perfusion and function.

12



Clinical Implications

The present findings highlight that AS patients with larger BMI are prone to develop pronounced
LVH. Furthermore, besides total adiposity, preferential lipid deposition in the visceral adipose
tissue compartment predisposes to LVH and systolic dysfunction. BMI and waist circumference
are largely parameters of total obesity, which are easily measurable in the clinical setting but
cannot distinguish visceral from subcutaneous adiposity. As proposed by Lemieux et al., excess
visceral adiposity may, however, be identified by the simultaneous presence of an elevated waist
circumference combined with fasting hypertriglyceridemia (i.e. hypertriglyceridemic #faist).

The use of imaging techniques such as CT and magnetic resonance imaging have improved our
ability to precisely and reliably quantify individual differences in body fat distribution and to
selectively distinguish subcutaneous adiposity from visceral abdominal adiposé‘tissue.

The results of this study therefore suggest that excess visceral adipose tissue distribution may
represent an early index of dangerous ectopic lipid deposition linked to altered myocardial lipid
metabolism and eventually to impaired ventricular geometry and function. Other studies reported
that the metabolic abnormalities linked to visceral obesity (i.e. metabolic syndrome and type-2
diabetes) are associated with increased prevalence of aortic valve calcifitatiofaster
progression of ASY and faster degeneration of aortic bioprosthetic valvesAs lifestyle
modification programs including regular physical activity have been shown to mobilize visceral
adipose tissue and ectopic fat depdti,is suggested that lifestyle modification interventions

may represent interesting early options to halt or slow disease progression at both the valvular
and ventricular levels in patients with AS. Considering the limited therapeutic options for AS,
randomized trials may be conducted to test the added value of prevention program targeting
excess visceral/ectopic adiposity for the reduction of disease progression rate and cardiovascular

events.
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Study Limitations

The design of the study was cross-sectional and our observations do not imply causality.
Longitudinal studies will be needed to examine the impact of the amount and distribution of body
fat on the evolution of LV hypertrophy and function and on patients’ outcomes. Given the
relatively small sample size, some of the models may be slightly overfitted. Furthermore, in
future studies, it would be interesting to include a control group of patients with similar levels
and distribution of adiposity but no aortic stenosis.

The data of GLS was not available in all patients due to poor quality images or inadequate frame
rate, which could introduce a selection bias in the analysis of this end-point. Nonetheless, the
characteristics, and in particular the adiposity parameters, of the patients with or without GLS
data were similar. In this study, we analyzed the association between the amount and distribution
of fat on the most commonly used Doppler-echocardiographic parameters of LV geometry and
function (i.e. LVMi, LVEF, and GLS). Further studies are needed to examine the relationship

between adiposity parameters and: i) regional LV wall thickness and strain; ii) LV rotation.

CONCLUSION

The results of this study suggest that obesity (reflected by larger BMI) as well as excess visceral
adiposity (reflected by higher VAT/TAT ratio) are independently associated with LV
hypertrophy in AS patients. On the other hand, impairment of LV systolic function does not
appear to be influenced by total adiposity per se but rather by excess visceral adiposity. These
findings provide impetus for the elaboration of lifestyle modification programs aiming at the

reduction of adiposity, and in particular of visceral adiposity.
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FIGURE LEGENDS
FIGURE 1. Association between Anthropometric Parameters and Computed Tomography
Parameters of Adiposity.
Legend: Correlation betweerfl) body mass index or waist circumference @dabdominal
total adiposity (Panels A and B), subcutaneous adiposity (Panels C and D), visceral adiposity
(Panels E and F), VAT/TAT ratio (Panels G and H).

VAT: visceral adipose tissue; TAT: total adipose tissue.

FIGURE 2: Left Ventricular Mass and Longitudinal Strain according to Adiposity Parameters.
Legend: Panels A and B show the comparison of LV mass index and prevalence of LV
hypertrophy after dichotomization by median values of body mass index and VAT/TAT ratio.
Panel C shows the comparison of global LV longitudinal strain after dichotomization by median
values of VAT and VAT/TAT ratio

VAT: visceral adipose tissue; TAT: total adipose tissue. *p<0.05 versus BMI<28-Rati0<0.42
group; 8p<0.05 versus BMI<28-Ratio>0.42 group; Tp<0.05 versus>BBARatio<0.42 group;
fp<0.05 versus VA¥181-Ratio>0.42 grouptp<0.05 VAT<181-Ratio>0.42 group. Error bars

represent the SEM.
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FIGURE 1
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FIGURE 1
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FIGURE 1
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METHODS

Patient Population

Patients with AS recruited in the PROGRESSA study (Clinical Trial register: NCT01679431)
underwent Doppler-echocardiography and computed tomography (CT) within one month.
Inclusion criteria were age >21 years old and peak aortic jet velocity >2.5 m.s™. Patients were
excluded if they had symptomatic AS, moderate to severe aortic regurgitation or mitral valve
disease (mitral stenosis or regurgitation), LVEF <50%, and if they were pregnant or lactating.
The study was approved by the Ethics Committee of the Quebec Heart and Lung Institute, and
patients signed a written informed consent at the time of inclusion.

Clinical data

Clinical data included age, gender, weight, height, body mass index (BMI), waist circumference,
systolic and diastolic blood pressures, documented diagnoses of hypertension (patients receiving
antihypertensive medications or having known but untreated hypertension [blood pressure >
140/90 mmHg]), diabetes (patients receiving oral hypoglycemic or insulin medications, or, in the
absence of such medications, having a fasting glucose > 7 mmol/l), hyperlipidemia (patients
receiving cholesterol-lowering medication or, in the absence of such medication, having a total
plasma cholesterol level > 6.2 mmol/l), and coronary artery disease (history of myocardial
infarction or coronary artery stenosis [i.e. >50%] on coronary angiography). The clinical
identification of patients with the features of the metabolic syndrome was based on the modified
criteria proposed by the National Cholesterol Education Program Adult Treatment Panel IlI

(NCEP-ATP I11).



Doppler Echocardiographic Data

Aortic valve morphology and function: LV stroke volume (SV) was calculated with the use of
pulsed-wave Doppler in the LV outflow tract. The Doppler-echocardiographic indices of AS
severity included peak aortic jet velocity (Vpeax), peak and mean transvalvular pressure gradients
(MG) obtained with the use of the modified Bernoulli equation, and the aortic valve area (AVA)
calculated by the standard continuity equation. The degree of aortic valve calcification was
scored according to the criteria proposed by Rosenhek et al.? Severe AS was defined according
the American College of Cardiology/American Heart Association (ACC/AHA) guidelines (i.e.
Vpeak >4 m.s™, MG >40mmHg or AVA <1cm?).®

Left ventricular geometry: LV minor axis internal dimension (LVID), posterior wall thickness
(PWT), and inter-ventricular septal thickness (IVST) were measured at end-diastole according to
the recommendations of the American Society of Echocardiography.” The relative wall thickness
(RWT) was calculated by dividing the sum of the LV posterior wall and inter-ventricular septal
thicknesses by the LV internal dimension (RWT = [PWT+IVST]/LVID). Left ventricular mass
was calculated with the corrected formula of the American Society of Echocardiography and was
indexed to a 2.7 power of height, as previously validated.>” The LVH was defined as an indexed
LV mass (LVMi) >49 g.m™" in men and >47 g.m* in women.””

Left ventricular function: LV ejection fraction was measured with the use of biplane Simpson
method. The LV longitudinal strain was measured by speckle-tracking with dedicated
commercial software (2D Cardiac Performance Analysis, TomTec Imaging Systems, Munich,
Germany). The global longitudinal strain (GLS) was calculated as the average of longitudinal
strain of the 2-chamber, 3-chamber, and 4-chamber apical views. The GLS data were expressed

in absolute value (|%]). GLS was available in 88 (71%) of the 124 patients included in this study.



The measurement of GLS was not feasible in the remaining patients due to poor image quality
and/or insufficient frame rate. However, patients with GLS data available had similar
characteristics, and particularly adiposity parameters, compared to those with missing GLS data.
Intra- and inter- observer variability were 6% and 7.5%, respectively.

Global LV hemodynamic load: As a measure of global LV hemodynamic load, we calculated the
valvulo-arterial impedance: Z,;=(SBP+APnean)/SVi where SBP is the systolic blood pressure,
APmean the mean transvalvular gradient, and SVi is the stroke volume indexed to body surface
area.®®?®

Computed Tomography Data

Cross-sectional images of the abdomen were obtained by dual-source multi-detector CT
(Somatom Definition, Siemens) at the L4-L5 intervertebral space using standardized
procedures,® and state-of-the-art dose reduction strategies. Image analysis was performed off-
line in a standardized core laboratory using dedicated software (sliceOmatic, Tomovision,
Montreal, Québec, Canada) by trained technicians blinded to clinical and Doppler-
echocardiographic data. Cross-sectional areas of visceral (VAT) and subcutaneous (SAT) adipose
tissue were quantified using an attenuation range of -190 to -30 Hounsfield units (HU). Total
adipose tissue area was determined as the sum of visceral and subcutaneous adipose tissue areas
(TAT=VAT+SAT). The VAT/TAT ratio was calculated as an index of the proportion of total
abdominal adipose tissue located in the visceral compartment.

Study End-Points

The study end-points were LV hypertrophy assessed by LVMi and LV systolic dysfunction

assessed by LVEF and GLS.



TABLE S1: Patients Characteristics (n=124)

Clinical data
Age, years
Male gender, %
Height, cm
Weight, kg
Body surface area, m*
Body mass index, kg.m™
Waist circumference, cm
History of hypertension, %
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
History of smoking, %
Coronary artery disease, %
Hyperlipidemia, %
Metabolic Syndrome, %
Diabetes, %
LDL cholesterol, mmol.I*
HDL cholesterol, mmol.I*
Triglycerides, mmol.I*
Creatinin, umol.I™*

Doppler-echocardiographic data
Bicuspid aortic valve, %
Aortic valve calcification score
Peak aortic jet velocity, m.s™
Peak transvalvular gradient, mm Hg
Mean transvalvular gradient, mm Hg
Aortic valve area, cm?
Severe aortic stenosis, %
Valvulo-arterial impedance, mm Hg.ml™*.m?
LV end-diastolic diameter, mm
Inter-ventricular septum thickness, mm
Posterior wall thickness, mm
Relative wall thickness ratio
LV mass index, g.m™>’
LV ejection fraction, %
Global longitudinal strain, |%| (n=88)

Computed tomography data
Visceral abdominal tissue, cm?2
Subcutaneous abdominal tissue, cm?
Total abdominal tissue, cm?
VAT/TAT ratio

67 +13
73%
167 9
79 15
1.9+0.2
28.3+4.4
100 +13
71%
138 +18
7719
73%
40%
67%
33%
20%
2.33 +0.83
1.41 +0.43
1.41 +0.76
84 +21

19%
2.5 0.6
2.9+0.6
34 +13

19 +8

1.25 +0.31

25%
3.6 +0.8

46 +5

12 +2

11 +2

0.52 +0.08
49.6 +10.2
66 +6%
20.6 +3.1

209 £104
273 +103
482 +169
0.42 +0.11

Legend: LV: left ventricle; VAT: visceral adipose tissue; TAT: total adipose tissue. Values are mean £SD

unless otherwise indicated.



TABLE S2: Association between Adiposity Parameters and LV Mass index

Adiposity parameters

Univariate

Adjusted for clinical and

echocardiographic

factors*

Adjusted for clinical,

echocardiographic and

adiposity factorsq

Beta coeff. £SE  p value

Beta coeff. £SE  p value

Beta coeff. £SE  p value

Anthropometry
Body mass index, kg.m™

Waist circumference, cm
Computed tomography

Total adipose tissue, cm*

Visceral dipose tissue, cm?

Subcutaneous adipose tissue, cm?

VATI/TAT ratio

0.43+0.19

0.33+£0.07

0.28 + 0.005

0.37 +£0.008

0.09 + 0.009

0.33+7.98

<0.0001

0.0002

0.002
<0.0001
0.33

0.0003

0.40+0.21

0.32+0.08

0.29 £ 0.006
0.35+0.01
0.17 +£0.009

0.25+10.10

<0.0001

0.001

0.002

0.0004

0.07

0.03

0.40+0.20

0.20+0.19

0.32+0.03

0.25+9.40

<0.0001

0.41

0.22

0.01

Legend: VAT: visceral adipose tissue; TAT: total adipose tissue; Beta coeff. is the standardized regression coefficient £SE.

*: Association between each individual adiposity parameter and LV mass index with adjustment for clinical and echocardiographic data: i.e.
age, gender, hypertension, systolic blood pressure, diabetes, coronary artery disease, creatinin level, peak aortic jet velocity, and valvulo-

arterial impedance.

{l: Association between adiposity parameters and LV mass index with adjustment for clinical and echocardiographic data as well as other
adiposity parameters. The adiposity parameters entered in this model were those with a p value<0.05 after adjustment for clinical and
echocardiographic factors except TAT that was excluded due to very strong collinearity with body mass index.



TABLE S3: Association between Adiposity Parameters and LV Ejection Fraction

Adjusted for clinical and

Adjusted for clinical,

Univariate echocardiographic echocardiographic and
factors* adiposity factors
Adiposity parameters Beta coeff. £SE  p value Beta coeff. £SE  p value Beta coeff. £SE  p value

Anthropometry

Body mass ndex, kg.m™ -0.11+0.12 0.25 -0.09 £ 0.13 0.35 _ _

Waist circumference, cm -0.18 + 0.04 0.05 -0.14 £ 0.05 0.16 _ _
Computed tomography

Total adipose tissue, cm* -0.11 £ 0.003 0.24 -0.14 £ 0.003 0.13 _ _

Visceral adipose tissue, cm? -0.19 £ 0.005 0.04 -0.22 + 0.006 0.03 -0.15 + 0.007 0.26

Subcutaneous adipose tissue, cm? 0.01 + 0.005 0.88 -0.05 = 0.005 0.60 _ _

VAT/TAT ratio -0.20 £ 4.65 0.03 -0.23+£5.77 0.04 -0.13+£7.29 0.36

Legend: VAT: visceral adipose tissue; TAT: total adipose tissue; Beta coeff. is the standardized regression coefficient £SE.

*. Association between each individual adiposity parameter and LV ejection fraction with adjustment for clinical and
echocardiographic data : i.e. age, gender, hypertension, systolic blood pressure, coronary artery disease, peak aortic jet velocity, and

valvulo-arterial impedance.

{l: Association between adiposity parameters and LV ejection fraction with adjustment for clinical and echocardiographic data as well
as other significant adiposity parameters. The adiposity parameters entered in this model were those with a p value<0.05 after

adjustment for clinical and echocardiographic factors.



TABLE S4: Association between Adiposity Parameters and LV Global Longitudinal Strain

Adjusted for clinical and Adjusted for clinical,
Univariate echocardiographic echocardiographic and
factors* adiposity factors
Adiposity parameters Beta coeff. £SE  p value Beta coeff. £SE  p value Beta coeff. £SE  p value
Anthropometry
Body mass index, kg.m™ -0.04 +0.08 0.75 -0.04 +0.09 0.72 _ _
Waist circumference, cm -0.07 £ 0.03 0.55 -0.02 £ 0.03 0.86 _ _
Computed tomography
Total adipose tissue, cm* -0.04 + 0.002 0.72 -0.04 £ 0.002 0.74 _ _
Visceral adipose tissue, cm? -0.20 £ 0.003 0.07 -0.27 £ 0.004 0.05 0.005 £ 0.005 0.97
Subcutaneous adipose tissue, cm? 0.11 +£0.003 0.31 0.11 +£0.003 0.35 _ _
VAT/TAT ratio -0.29+2.98 0.009 -0.37+3.74 0.005 -0.37 £ 4.88 0.03

Legend: VAT: visceral adipose tissue; TAT: total adipose tissue; Beta coeff. is the standardized regression coefficient £SE.

*. Association between each individual adiposity parameter and LV global longitudinal strain with adjustment for clinical and
echocardiographic data: i.e. age, gender, hypertension, systolic blood pressure, coronary artery disease, peak aortic jet velocity, and
valvulo-arterial impedance.

{l: Association between adiposity parameters and LV global longitudinal strain with adjustment for clinical and echocardiographic data
as well as other significant adiposity parameters. The adiposity parameters entered in this model were those with a p value<0.05 after
adjustment for clinical and echocardiographic factors.
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