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Abstract: Obesity and hypertension independently promote pathological left ventricular remodelling
(LVR) and left ventricular hypertrophy (LVH), but to what extent they do so when they do not coexist
is unclear. We used data from the Cardiovision Brno 2030 study to assess—for the first time in a region
where no investigations have been previously carried out—the independent association of obesity
and hypertension with LV geometry, and to evaluate the effects of hypertension in normal weight
patients and the effects of obesity in normotensive patients. Overall, 433 individuals, aged 25-65 years,
with no history of cardiovascular disease and/or antihypertensive treatment, were stratified into
four groups according to BMI and hypertension: normal weight non-hypertensive (NWNH), normal
weight hypertensive (NWH), overweight/obese non-hypertensive (ONH) and overweight/obese
hypertensive (OH). LVR was classified as normal, concentric LVR (cLVR), concentric LVH (cLVH)
or eccentric LVH (eLVH). Linear regression analysis demonstrated that body mass index (BMI) and
systolic blood pressure (SBP) are the main predictors of LV mass and that they interact: SBP had
a stronger effect in overweight/obese (3 = 0.195; p = 0.033) compared to normal weight patients
(p =0.134; p = 0.048). Hypertension increased the odds of cLVR (OR = 1.78; 95%CI = 1.04-3.06;
p =0.037) and cLVH (OR = 8.20; 95% CI = 2.35-28.66; p = 0.001), independent of age, sex and BMI.
Stratified analyses showed that NWH had a greater odd of cLVH (OR = 7.96; 95%CI = 1.70-37.08;
p =0.008) and cLVR (OR = 1.62; 95%CI = 1.02-3.34; p = 0.047) than NWNH. In the absence of
hypertension, obesity was not associated with LVM and abnormal LV geometry, suggesting that it is
not per se a determinant of LVR. Thus, antihypertensive therapy still remains the first-line approach
against LVH in hypertensive patients, though weight loss interventions might be helpful in those
who are obese.
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1. Introduction

In 1992, Ganau et al. proposed a four-element classification of the left ventricular (LV) geometry of
the heart [1]. This classification was based primarily on left ventricular mass index (LVMI) and relative
wall thickness (RWT) parameters, and detailed three abnormal left ventricular geometric patterns:
Concentric left ventricular remodelling (cLVR), eccentric left ventricular hypertrophy (eLVH) and
concentric LVH (cLVH) [1]. Since this description was made, numerous studies have shown that these
LV geometric patterns are associated with cardiovascular disease (CVD) and all-cause mortality [1].
LV remodelling (LVR) commonly occurs after events such as myocardial infarction, idiopathic dilated
cardiomyopathy, or volume or pressure overload. eLVH is mainly induced by volume overload and
is characterized by the addition of new sarcomeres in-series to existing sarcomeres [1]. This effect
results in an increase in cavity size while wall thickness remains normal. cLVH, and in the long run
cLVR, is mainly induced by pressure overload, such as hypertension [1]. Here, new sarcomeres are
added to existing sarcomeres in-parallel. cLVH and cLVR are traditionally considered as conditions
associated with severe hemodynamic and structural eLVH abnormalities and represent unfavourable
LV adaptation [2]. eLVH, however, may be considered as a physiological adaptation in endurance
athletes [2].

Obesity (or BMI >30 Kg/m?) is a pandemic that affects 20-30% of the general population and
has been consistently and strongly associated with a higher risk of CVD incidence and mortality [3].
In turn, elevated blood pressure (or hypertension) affects 30-45% of the general population and is one
of the strongest risk factors for almost all CVDs, including coronary disease, valvular heart diseases,
atrial fibrillation and cerebral stroke, irrespective of obesity [4]. Obesity and hypertension are the two
major determinants of LVR. Indeed, large-size epidemiological studies have shown that hypertension
is the strongest determinant of cLVR and cLVH independent of obesity [5,6]. Conversely, other large
population studies revealed that obesity can induce LVR independent of hypertension; but whether
obesity-dependent LVR consists of cLVR, cLVH or eLVH, is unclear [7]. As obesity and hypertension
often coexist in patients, there is a consensus that their deleterious effects on LVR are additive or
even synergistic [8,9]. However, it is unknown to what extent they individually affect LV mass and
geometry when they do not coexist.

The identification of risk factors for LVR and easily measurable imaging outcomes could
have immediate relevance for public-health strategies aiming to reduce the incidence of CVDs.
If LVR precedes preclinical hypertension, the identification of functional abnormalities in obese
patients without hypertension might point out a group who could benefit from specific counselling
regarding weight loss [7]. By contrast, if hypertension is a predictor of LVR in the absence of obesity,
anti-hypertensive drugs should be the frontline treatment to revert pathological LVR, especially in
normal weight patients.

Here, we used data from the Cardiovision (“Kardiovize”) 2030 study, a prospective cohort
recruited from the urban population of Brno, the second largest city of the Czech Republic,
to investigate the complex relationships between CVD risk factors and CVD outcomes in the context of
a range of biological, psychosocial, environmental and behavioural factors, [10-15]. For the first time
in a region where no investigations have been previously carried out, we performed a cross-sectional
analysis on Cardiovision participants to confirm whether obesity and hypertension are independently
associated with LV mass and geometry. We then conducted a stratified analysis to evaluate the effects
of hypertension in normal weight patients and the effects of obesity in normotensive patients.

2. Materials and Methods

2.1. Study Design

A baseline examination of the Cardiovision Brno 2030 study was completed in 2014, with planned
prospective follow-up every 5 years until 2030 [13]. The study protocol was approved by the Ethics
Committee of St Anne’s University Hospital, Brno, Czech Republic (reference 2 G/2012) in accordance
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with the Declaration of Helsinki, and all participants signed an informed consent to participate in the
study. The current cross-sectional analysis used data from participants with BMI >18.5. All eligible
participants completed a physical examination, with assessment of anthropometric, biochemical, and
echocardiographic parameters. BMI (calculated as weight in kilograms divided by height in meters
squared) was used to classify patients as normal weight (BMI <25 Kg/m?) or overweight/obese
(BMI >25 Kg/m?) [16]. Blood pressure was measured using a mercury sphygmomanometer
(Baumanometer, W.A. Baum, Co., Inc., Copiague, NY, USA) and used to define hypertension
(blood pressure >140/90 mmHg). Accordingly, the study population consisted of normal weight
normotensive (NWNH), normal weight hypertensive (NWH), overweight/obese normotensive (ONH)
and overweight/obese hypertensive (OH) patient groups. To avoid potential confounders, we excluded
patients with previous or current CVD and those who received anti-hypertensive treatment.

2.2. Physical Examination

A physical examination was performed by trained professionals according to standardized
and validated protocols [13]. In brief, height and weight were measured to the nearest 1 cm and
1 kg, respectively, using a medical digital scale with meter (SECA 799; SECA, GmbH and Co.
KG, Hamburg, Germany). Waist circumference was measured to the nearest 1 cm by manual
tape measurement, and central obesity was defined according to the World Health Organization
criteria [17]. Biochemical analyses were performed on 12 h fasting blood samples using a Modular
SWA P800 analyzer (Roche, Basel, Switzerland). Total cholesterol, triglycerides, and glucose levels were
measured by the enzymatic colorimetric method (Roche Diagnostics GmbH, Mannheim, Germany);
high-density lipoprotein (HDL)-cholesterol was measured using the homogeneous method for direct
measuring without precipitation (Sekisui Medical, Tokyo, Japan). For triglycerides <4.5 mmol/L,
the low-density lipoprotein (LDL)-cholesterol level was calculated according to the Friedewald
equation. For triglycerides >4.5 mmol/L, the LDL-cholesterol level was calculated using the
homogeneous method for direct measuring (Sekisui Medical, Japan).

2.3. Echocardiography

Transthoracic echocardiography was performed with a GE-Vingmed Vivid E9 device (GE Vingmed
Ultrasound AS, Horten, Norway) using a 1.5-4.6 MHz sector transducer. Images of the subcostal
projections were obtained during quiet breathing or at the end of expiration while the patient was
in a left lateral decubitus or supine position. An ECG was recorded and displayed simultaneously,
and analysis was performed using EchoPAC PC software version 113. Chamber qualification and
Doppler analyses were assessed according to the criteria of the American Society of Echocardiography
(ASE) [18-20]. According to ASE and the European Association of Cardiovascular Imaging (EACVI)
recommendations, LVH was classified depending on gender and weight. LV geometry was classified
according to whether LVMI is normal or increased and whether ventricular morphology (RWT) is
altered. RWT is variably reported as (posterior wall diameter x 2)/LVd or (IVS + posterior wall)/LVd;
this study used the former as septal measurements may be confounded by the presence of a septal
bulge. Normal LV geometry is described as RWT <0.42 and LVMI <115 g/m?” for men or <95 g/m?”
for women; cLVH is described as RWT >0.42 and LVMI >115 g/m?7 for men or >95 g/m?” for women;
eLVH is described as RWT 0.42 and LVMI >115 g/m?’ for men or >95 g/m?” for women and cLVR is
described as RWT >0.42 and LVMI <115 g/ m?27 for men or <95 g/ m?27 for women, respectively [18].

2.4. Covariates

Socio-demographic (i.e., age, sex, educational level, marital and employment status) and
lifestyle (i.e., smoking status and physical activity) characteristics were collected by face-to-face
interviews. Smoking status was categorized as either current (including daily or occasional smokers)
or non-smoking (never smoked or not smoked for >12 months). Physical activity was reported as the
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Metabolic Equivalent of Task (MET-min/week) and was assessed using the long form standardized
Czech version of the International Physical Activity Questionnaire (IPAQ-L) [21].

2.5. Statistical Analyses

All statistical analyses were conducted using SPSS software (version 22.0, SPSS, Chicago, IL,
USA). Categorical variables were described using frequency (%) and compared using the Chi-square
test. The Kolmogorov-Smirnov test was used to test the normality of continuous variables prior to
further analyses. Continuous variables underlying a skewed distribution were described using median
and interquartile range (IQR) and compared using the Mann-Whitney U test. Spearman’s correlation
analysis was performed to determine the correlation between continuous variables and LVMI. A linear
regression model was established to identify independent predictors of LVMI, including age, gender
and variables that significantly correlated with LVMI in the bivariate correlations. An interaction
term was used to test whether BMI and systolic blood pressure had an interactive effect on LVMI.
Logistic regression models were used to evaluate (i) the associations of systolic blood pressure or
hypertension with abnormal LV geometry patterns, after adjustment for age, sex and BMI; (ii) the
associations of BMI or obesity with abnormal LV geometry patterns, after adjustment for age, sex and
systolic blood pressure. Linear and logistic regression models were either performed on the whole
cohort or stratified by BMI categories. All statistical tests were two-sided, and p values <0.05 were
considered statistically significant.

3. Results

3.1. Study Population

The Cardiovision Brno 2030 cohort included 433 participants (50.1% males), aged 25 to 65 years,
who satisfied the selection criteria and could be included in the current analysis. According to BMI
and hypertension, we classified 47.1% participants as normal weight normotensive (NWNH), 8.5% as
normal weight hypertensive (NWH), 30.5% as overweight/obese normotensive (ONH) and 13.9% as
overweight/obese hypertensive (OH) (Table 1). Beyond blood pressure, NWH patients were older
(p = 0.028) and exhibited a higher BMI (p = 0.034), waist circumference (p = 0.012) and fasting glucose
(p = 0.014) than NWNH patients. Compared with NWNH patients, ONH were more likely to be
men (p <0.001) and were less educated (p = 0.002), OH were older (p <0.001), and both exhibited
higher anthropometric and biochemical measures (p-values <0.001). Except for hypertension and age
(p = 0.004), we found no significant differences between ONH and OH patients.

Table 1. Characteristics of the study population.

Characteristics (IEZVZNOI:) (PI:IZV;;) p-Value (nC)=1\;I:;I2) p-Value (n(:lz()) p-Value
Age, years 42.0 (16.0) 49.0 (19.0) 0.028 445 (16.3) 0.244 52.0 (17.5) <0.001
Sex (% male) 38.2% 48.6% 0.234 64.4% <0.001 60.0% 0.003
Education level (% low) 7.8% 5.4% 0.138 11.5% 0.002 11.7% 0.567
Marital status (% living alone) 41.2% 37.8% 0.704 35.1% 0.267 26.7% 0.042
Employment (% unemployed) 12.5% 13.5% 0.895 8.5% 0.056 13.6% 0.266
Smoking (% current smokers) 21.6% 35.1% 0.310 15.9% 0.238 11.7% 0.128
Physical activity, MET-min/week 2983 (3363) 34485 (5731) 0.523 3555 (5593) 0.355 3297 (3736) 0.637
Weight, Kg 66.0 (14.0) 68.0 (10.0) 0.135 88.0 (14.0) <0.001 88.0 (21.0) <0.001
BMI, Kg/m? 219 (2.8) 23.0 (2.3) 0.034 27.4 (2.8) <0.001 27.9 (4.2) <0.001
Waist circumference, cm 78.0 (11.0) 82.9 (12.0) 0.012 95.0 (10.0) <0.001 99.0 (17.0) <0.001
Fat mass (%) 20.3 (10.8) 21.8(9.3) 0.285 25.0 (13.8) <0.001 28.0 (13.5) <0.001
Central Obesity (%) 0.0% 0.0% - 34.8% <0.001 48.3% <0.001
Systolic Blood Pressure, mmHg 111.0 (13.0) 131.0 (21.0) <0.001 115.0 (10.5) <0.001 138.3 (18.4) <0.001
Diastolic Blood Pressure, nmHg 74.0 (11.0) 87.5(11.5) <0.001 77.5 (10.0) <0.001 91.0 (7.4) <0.001
Fasting Glucose, mmol/L 4.7 (0.7) 4.8 (056) 0.014 4.9 (0.6) <0.001 4.9 (0.6) <0.001
Triglycerides, mmol/L 0.85 (0.40) 0.86 (0.70) 0.141 1.21 (1.0) <0.001 1.24 (0.9) <0.001

Total Cholesterol, mmol /L 49 (1.4) 5.0 (1.5) 0.457 54 (1.6) <0.001 52 (1.3) 0.004
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Table 1. Cont.

- NWNH NWH ONH OH
Characteristics (1 = 204) (1 =37) p-Value (1 =132) p-Value (1 = 60) p-Value
HDL Cholesterol, mmol/L 1.6 (0.5) 1.6 (0.5) 0.946 1.3 (0.5) <0.001 1.4 (0.5) <0.001
LDL Cholesterol, mmol/L 29(1.1) 2.8(1.2) 0.754 3.4(14) <0.001 33(1.2) <0.001

Abbreviations: Normal weight normotensive, NWNH; normal weight hypertensive, NWH; overweight/obese
normotensive, ONH; overweight/obese hypertensive, OH; metabolic equivalent task, MET.0.

3.2. BMI and Systolic Blood Pressure Are Strong Predictors of Left Ventricular Mass Index

We first aimed to determine the predictors of LVMI. To do so, we performed univariate analysis,
which showed significant correlations between LVMI and age, BMI, waist circumference, SBP, DBP,
fasting glucose, triglycerides and HDL-cholesterol. In the sex-adjusted linear regression model, only
BMI and systolic blood pressure maintained independent associations with LVMI (Table 2). In addition,
we observed a significant interaction between BMI and systolic blood pressure on LVMI (p = 0.002),
with a stronger effect of systolic blood pressure in overweight/obese patients (3 = 0.195; p = 0.033)
compared to normal weight patients (3 = 0.134; p = 0.048). In contrast, BMI seemed to be associated
with LVMI in hypertensives ( = 0.112; p = 0.046) but not in non-hypertensive subjects (3 = 0.089;
p =0.128).

Table 2. Univariate and multivariate predictors of left ventricular (LV) mass index.

Bivariate Correlation Linear Regression
Characteristics Spearmfin Standardized

Correlation p-Value Coefficient () p-Value

Coefficient
Age, years 0.097 0.043 0.040 0.353
BMI, Kg/m? 0.207 <0.001 0.171 0.037
Waist circumference, cm 0.292 <0.001 0.167 0.087
Systolic Blood Pressure, mmHg 0.253 <0.001 0.153 0.023
Diastolic Blood Pressure, mmHg 0.242 <0.001 —0.027 0.676
Fasting Glucose, mmol/L 0.120 0.013 —0.006 0.883
Triglycerides, mmol/L 0.128 0.008 —0.026 0.533
HDL Cholesterol, mmol/L —0.246 <0.001 —0.041 0.344
LDL Cholesterol, mmol/L —0.004 0.928 - -

3.3. ECG Parameters According to BMI and Hypertension

We next detailed the ECG parameters of all patients according to BMI and hypertension (Table 3)
in order to understand their difference according to the established categories of ONH, OH, NWNH
and NWH. In brief, we found that RWT, LVM and LVMI were all significantly higher in NWH, ONH
and OH compared to NWNH patients (Table 3). These data suggest that hypertension and obesity,
alone or in combination, affect ECG parameters.

Table 3. Echocardiographic parameters of the study population.

- NWNH NWH ONH OH
Characteristics (1 = 204) (1 = 37) p-Value (n=132) p-Value (1 = 60) p-Value
LVM 133.1 (51.9) 145.0 (55.8) 0.015 165.1 (44.1) <0.001 170.5 (59.9) <0.001
LVMlIe 81.6 (24.3) 82.7 (31.3) 0.048 83.8 (19.6) 0.017 92.5 (22.5) 0.001
RWT 0.37(0.08) 0.42 (0.08) 0.002 0.40 (0.09) 0.012 0.43 (0.09) 0.003

Abbreviations: Normal weight normotensive, NWNH; normal weight hypertensive, NWH; overweight/obese
normotensive, ONH; overweight/obese hypertensive, OH; LVM], left ventricular mass index, LVMI; relative wall
thickness, RWT.
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3.4. Left Ventricular Geometry According to BMI and Hypertension

We next assessed the relative variations in LV geometry according to arterial blood pressure and
BMI (Figure 1), in order to understand their structural impact on the heart. Among the abnormal LV
geometry patterns, concentric remodelling was the most prevalent pattern in all groups, ranging from
22.7% in NWNH to 44.1% in OH. NWH showed a significantly higher prevalence of cLVH (13.5%)
compared to NWNH (2.0%; p <0.001). Similarly, we observed a significantly higher prevalence of
cLVR and cLVH in OH compared to NWNH patients (44.1% vs. 22.7%; p <0.001 and 8.5% vs. 2.0%;
p = 0.002, respectively). By contrast, we found no significant differences in the prevalence of abnormal
LV geometry patterns between ONH and NWNH patients. These data indicate that BMI is not per se a
determinant of pathological remodelling.
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Figure 1. Representative echo images (A) and quantitative assessment (B) of the variations in LV
geometry parameters based on arterial blood pressure and BMI. Visual emphasis on various LV
geometry (A) within four chosen categories, through schematic drawings based on real echo images.

3.5. Association of Hypertension and Obesity with Left Ventricular Geometry

We next performed logistic regression analyses to determine the association between blood
pressure and LV geometry. Overall, we found that a one-unit increase in systolic blood pressure was
significantly associated with cLVR (OR = 1.023, 95%CI = 1.005-1.041; p = 0.012), cLVH (OR = 1.054,
95%CI = 1.013-1.097; p = 0.010) and eLVH (OR = 1.033, 95%CI = 1.001-1.066; p = 0.042), independent of
age, sex and BMI. Consistently, hypertension increased the odds of cLVR (OR = 1.78; 95%CI = 1.04-3.06;
p = 0.037) and cLVH (OR = 8.20; 95%CI = 2.35-28.66; p = 0.001), but not of eLVH (OR = 2.40;
95%CI = 0.88-6.59; p = 0.089). In a similar model, neither BMI nor obesity were associated with
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abnormal LV geometry patterns, independent of age, sex and systolic blood pressure. In line with
this evidence, stratified analyses showed that NWH patients had greater odds of cLVR (OR = 1.62;
95%CI = 1.02-3.34; p = 0.047) and cLVH (OR = 7.96; 95%CI = 1.70-37.08; p = 0.008) than NWNH
patients. Similarly, OH patients had greater odds of cLVR (OR = 2.89; 95%CI = 1.43-5.83; p = 0.003) and
cLVH (OR = 5.13; 95%CI = 1.09-24.14; p = 0.039) than NWNH patients, but also greater odds of cLVH
than ONH (OR = 13.05; 95%CI = 1.32-128.45; p = 0.028). By contrast, we found no association between
ONH and abnormal LV geometry patterns when compared with NWNH patients. In sum, these data
confirm a prevalent role for hypertension over obesity in inducing pathological LVR.

4. Discussion

In line with the current consensus [8,9], our study has confirmed—for the first time in a region
where no investigations have been previously carried out—that obesity and hypertension are the
major determinants of LVR and LVH. Among European countries, Czech Republic figures at the top
for incidence of obesity, and its population performs very poorly in metabolic and cardiovascular
health [10-12]. In this cohort, we observed that LVM, LVMI and RWT were significantly higher in NWH
and OH compared to NWNH patients. These results suggest that hypertension, alone or in combination
with obesity, negatively affect ECG parameters. Accordingly, we also found a significant interaction
between obesity and hypertension that enhanced the deleterious effect of high blood pressure in
overweight and obese patients. Indeed, obese individuals often develop systemic hypertension and
pressure overload, which exert an exponential effect on the prevalence of LV hypertrophy [22]. In line
with this evidence, previous studies reported that LVH ranged between ~15% in ONH and over 75%
in OH [23]. Either systolic blood pressure or hypertension also significantly increased the odds of
cLVR and cLVH, independent of age, sex and BMI. This obesity-independent effect of hypertension
on concentric LV geometry has been previously recognized by several epidemiological studies [5,6].
Our stratified analysis has delved further to determine that hypertension is associated with increased
odds of cLVR and cLVH in normal weight patients. Similarly, we found that OH patients had greater
odds of cLVR and cLVH compared with NWNH patients. This last finding is consistent with previous
studies [8,24] demonstrating that the coexistence of obesity and hypertension substantially increases
the prevalence of cLVR and cLVH.

With respect to obesity, previous studies have suggested that BMI was positively correlated with
LVM after adjusting for blood pressure [25], and that LVH, especially eLVH, was more prevalent in
normotensive obese patients than in their lean counterpart [26]. However, further studies failed to
provide unequivocal findings [27], and hence it still remains unknow whether obesity affects LV mass
and geometry in the absence of hypertension. In reference to this question, we found that ONH patients
exhibited increased ECG parameters, including LVM and LVMI, compared to NWNH patients. It is
important to highlight, however, that ONH patients still had significantly higher blood pressures than
NWNH, but not in the hypertensive range. Thus, the pressure load in obese patients was consistently
higher than in normal-weight patients, even in the presence of blood pressure levels within the normal
range. These findings are in line with Avelar et al., who speculated that even mild increases in blood
pressure within the normal range may have deleterious effects on LV mass in obese subjects [8]. Despite
this evidence, our stratified analysis demonstrated that LVMI increased with increasing BMI only in
hypertensive patients. Overall, our results add to the current debate about whether obesity-dependent
LV remodelling consists of concentric or eccentric geometry. The traditional paradigm considers that a
predominant volume load results in eLVH [28], which is characterized by a normal mass/volume ratio
and relative wall thickness. Previous data obtained from obese normotensive patients showed that
eLVH is more common than cLVH [29], but more recent analyses have proposed that concentric rather
than eLVH might be the predominant LV pattern in obese patients [29]. A plausible explanation for
this controversy is that studies showing a predominance of cLVR or cLVH were unable to adjust for or
exclude patients with hypertension [7]. By exploiting stratified analyses and excluding patients treated
for hypertension, we instead found no significant difference in the prevalence of abnormal LV geometry
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between obese and normal weight patients in the absence of hypertension. eLVH was, however, more
common than cLVH in ONH patients. By contrast, OH patients had higher odds of cLVH than ONH
patients. These data suggest that BMI is not per se a determinant of pathological remodelling.

The low prevalence of LVH, especially in ONH patients, could be a weakness of our study.
Moreover, the cross-sectional design does not allow us to yet understand the mechanisms that cause
LVR and LVH in obesity and hypertension. Furthermore, large and prospective studies are now
needed to understand how obesity and hypertension contribute both independently and additively to
pathological LVR. Prevalence of LVH is higher in the elderly, particularly since hypertension and obesity
increase with age [30,31]. Moreover, the effect of hypertension on LVM may differ by gender [32,33],
thus that hypertensive women are more likely to develop cLVH than their male counterparts [33].
For these reasons, we performed multivariate analyses adjusting for age, gender, and those variables
that were significantly associated with LVM in bivariate analysis. Despite this, we cannot rule out
the possibility of bias from residual confounders that might affect the relationship between obesity,
hypertension and LVR. Finally, the best approach to define LVH for risk prediction and reduction is
currently a matter of debate, namely whether LVH defined using height is preferable to LVH defined
using LV mass indexed to body surface area, which is greater in obese subjects compared to normal
weight subjects [9,34]. In the case of a high prevalence of obesity, the population risk attributable to
LVH identified by normalization of LV mass to height?7 is substantially greater than by normalization
to body surface area [35]. However, LVH has prognostic relevance in all subjects irrespective of obesity
status. As previously proposed [36], the best method of normalization could be free fat mass, but it is
not routinely measured. Height, which is the main factor to contribute to the magnitude of free fat
deposition, could be a surrogate of free fat mass. In the absence of general consensus, we adopted the
method based on normalization of LVM based on height.

5. Conclusions

In conclusion, our study supports the notion that hypertension is the major determinant of LVM
and pathological LVR. Thus, blood pressure control with long-term antihypertensive therapies (e.g.,
angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, and calcium channel
blockers) still remains the first-line approach against LVH in hypertensive patients [37,38]. In line
with current evidence [27], our findings also confirm a joint effect of hypertension and obesity on
LVM and LVR, with higher prevalence of cLVR and cLVH in obese hypertensive patients than
in their lean normotensive counterparts. Since weight reduction might decrease LVM in obese
hypertensive patients [7], lifestyle and dietary interventions might support blood pressure control but
also the prevention of LVH. In the absence of hypertension, however, no significant difference in LV
geometry were evident between obese and normal weight patients, and hence obesity was not per se a
determinant of pathological remodelling. Further research is encouraged to elucidate to what extent
obesity affects pathological LVR when it does not coexist with hypertension.

Author Contributions: Conceptualization, A.M., M.B.,, A.A., and M.V,; formal analysis, ] H.,J.J., O.L.R., JRM.-I,
and S.K; data curation and analysis, A.M., JRM.-I,, and S.K,; original draft preparation, A.M., S.S., and M.V,;
AM,]JH,]J,MB,0OLR,SK, AA,SS., and M.V, review and editing.

Funding: This work was supported by the National Program of Sustainability II (MEYS CR) (no. LQ1605), and by
the European Regional Development Fund—Project ENOCH (No. CZ.02.1.01/0.0/0.0/16_019/0000868).

Acknowledgments: The authors would like to thank Francisco Lopez-Jimenez (Department of Preventative
Cardiology, Mayo Clinic, Rochester, MN, USA) for insightful discussion, and Insight Editing London for editing
the manuscript prior to submission.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2019, 8, 370 9of11

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Ganau, A.; Devereux, R.B.; Roman, M.].; de Simone, G.; Pickering, T.G.; Saba, P.S.; Vargiu, P; Simongini, I.;
Laragh, J.H. Patterns of left ventricular hypertrophy and geometric remodeling in essential hypertension.
J. Am. Coll. Cardiol. 1992, 19, 1550-1558. [CrossRef]

De Simone, G.; Daniels, S.R.; Kimball, T.R.; Roman, M.].; Romano, C.; Chinali, M.; Galderisi, M.;
Devereux, R.B. Evaluation of concentric left ventricular geometry in humans: Evidence for age-related
systematic underestimation. Hypertension 2005, 45, 64-68. [CrossRef] [PubMed]

Ortega, EB.; Lavie, C.J.; Blair, S.N. Obesity and Cardiovascular Disease. Circ. Res. 2016, 118, 1752-1770.
[CrossRef] [PubMed]

Kjeldsen, S.E. Hypertension and cardiovascular risk: General aspects. Pharmacol. Res. 2018, 129, 95-99.
[CrossRef] [PubMed]

Zhang, K.; Huang, E; Chen, J.; Cai, Q.; Wang, T.; Zou, R.; Zuo, Z.; Wang, J.; Huang, H. Independent
influence of overweight and obesity on the regression of left ventricular hypertrophy in hypertensive
patients: A meta-analysis. Medicine 2014, 93, €130. [CrossRef] [PubMed]

De Cleva, R.; Araujo, V.A.; Buchalla, C.C.O.; de Oliveira Costa, F.; Cardoso, A.F,; Pajecki, D.; Santo, M.A.
Cardiac Remodeling Patterns in Severe Obesity According to Arterial Hypertension Grade. Obes. Surg. 2018,
28,1047-1054. [CrossRef] [PubMed]

Aurigemma, G.P,; de Simone, G.; Fitzgibbons, T.P. Cardiac remodeling in obesity. Circ. Cardiovasc. Imaging
2013, 6, 142-152. [CrossRef] [PubMed]

Avelar, E.; Cloward, T.V.; Walker, ] M.; Farney, R.].; Strong, M.; Pendleton, R.C.; Segerson, N.; Adams, T.D.;
Gress, R.E.; Hunt, S.C.; et al. Left ventricular hypertrophy in severe obesity: Interactions among blood
pressure, nocturnal hypoxemia, and body mass. Hypertension 2007, 49, 34-39. [CrossRef] [PubMed]
Rodilla, E.; Costa, J.A.; Martin, J.; Gonzalez, C.; Pascual, ].M.; Redon, J. Impact of abdominal obesity and
ambulatory blood pressure in the diagnosis of left ventricular hypertrophy in never treated hypertensives.
Med. Clin. 2014, 142, 235-242. [CrossRef] [PubMed]

Agodi, A.; Maugeri, A.; Kunzova, S.; Sochor, O.; Bauerova, H.; Kiacova, N.; Barchitta, M.; Vinciguerra, M.
Association of Dietary Patterns with Metabolic Syndrome: Results from the Kardiovize Brno 2030 Study:.
Nutrients 2018, 10, 898. [CrossRef] [PubMed]

Maugeri, A.; Kunzova, S.; Medina-Inojosa, J.R.; Agodi, A.; Barchitta, M.; Homolka, M.; Kiacova, N.;
Bauerova, H.; Sochor, O.; Lopez-Jimenez, F.; et al. Association between eating time interval and frequency
with ideal cardiovascular health: Results from a random sample Czech urban population. Nutr. Metab.
Cardiovasc. Dis. NMCD 2018. [CrossRef] [PubMed]

Hruskova, J.; Maugeri, A.; Podrouzkova, H.; Stipalova, T.; Jakubik, J.; Barchitta, M.; Medina-Inojosa, J.R.;
Homolka, M.; Agodi, A.; Kunzova, S.; et al. Association of Cardiovascular Health with Epicardial Adipose
Tissue and Intima Media Thickness: The Kardiovize Study. J. Clin. Med. 2018, 7, 113. [CrossRef] [PubMed]
Movsisyan, N.K,; Vinciguerra, M.; Lopez-Jimenez, F.; Kunzov4, §.; Homolka, M.; Jaresova, J.; Cifkova, R.;
Sochor, O. Kardiovize Brno 2030, a prospective cardiovascular health study in Central Europe: Methods,
baseline findings and future directions. Eur. |. Prev. Cardiol. 2017. [CrossRef] [PubMed]

Maugeri, A.; Medina-Inojosa, J.R.; Kunzova, S.; Agodi, A.; Barchitta, M.; Sochor, O.; Lopez-Jimenez, F.;
Geda, Y.E.; Vinciguerra, M. Sleep Duration and Excessive Daytime Sleepiness Are Associated with Obesity
Independent of Diet and Physical Activity. Nutrients 2018, 10, 1219. [CrossRef] [PubMed]

Maugeri, A.; Hruskova, J.; Jakubik, J.; Kunzova, S.; Sochor, O.; Barchitta, M.; Agodi, A.; Bauerova, H.;
Medina-Inojosa, ].R.; Vinciguerra, M. Dietary antioxidant intake decreases carotid intima media thickness in
women but not in men: A cross-sectional assessment in the Kardiovize study. Free Radic. Biol. Med. 2019, 131,
274-281. [CrossRef] [PubMed]

World Health Organization. Physical status: The use and interpretation of anthropometry. Report of a WHO
Expert Committee. World Health Organ. Tech. Rep. Ser. 1995, 854, 1-452.

WHO. Waist Circumference and Waist—Hip Ratio: Report of a WHO Expert Consultation, World Health
Organization: Geneva, Switzerland, 2008.


http://dx.doi.org/10.1016/0735-1097(92)90617-V
http://dx.doi.org/10.1161/01.HYP.0000150108.37527.57
http://www.ncbi.nlm.nih.gov/pubmed/15557389
http://dx.doi.org/10.1161/CIRCRESAHA.115.306883
http://www.ncbi.nlm.nih.gov/pubmed/27230640
http://dx.doi.org/10.1016/j.phrs.2017.11.003
http://www.ncbi.nlm.nih.gov/pubmed/29127059
http://dx.doi.org/10.1097/MD.0000000000000130
http://www.ncbi.nlm.nih.gov/pubmed/25437025
http://dx.doi.org/10.1007/s11695-017-2968-z
http://www.ncbi.nlm.nih.gov/pubmed/29058237
http://dx.doi.org/10.1161/CIRCIMAGING.111.964627
http://www.ncbi.nlm.nih.gov/pubmed/23322729
http://dx.doi.org/10.1161/01.HYP.0000251711.92482.14
http://www.ncbi.nlm.nih.gov/pubmed/17130310
http://dx.doi.org/10.1016/j.medcli.2013.04.046
http://www.ncbi.nlm.nih.gov/pubmed/24139053
http://dx.doi.org/10.3390/nu10070898
http://www.ncbi.nlm.nih.gov/pubmed/30011827
http://dx.doi.org/10.1016/j.numecd.2018.04.002
http://www.ncbi.nlm.nih.gov/pubmed/29753587
http://dx.doi.org/10.3390/jcm7050113
http://www.ncbi.nlm.nih.gov/pubmed/29757253
http://dx.doi.org/10.1177/2047487317726623
http://www.ncbi.nlm.nih.gov/pubmed/28812915
http://dx.doi.org/10.3390/nu10091219
http://www.ncbi.nlm.nih.gov/pubmed/30177634
http://dx.doi.org/10.1016/j.freeradbiomed.2018.12.018
http://www.ncbi.nlm.nih.gov/pubmed/30576781

J. Clin. Med. 2019, 8, 370 10 of 11

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Lang, RM.; Badano, L.P; Mor-Avi, V,; Afilalo, J; Armstrong, A.; Ernande, L.; Flachskampf, FA;
Foster, E.; Goldstein, S.A.; Kuznetsova, T.; et al. Recommendations for cardiac chamber quantification by
echocardiography in adults: An update from the American Society of Echocardiography and the European
Association of Cardiovascular Imaging. J. Am. Soc. Echocardiogr. Off. Publ. Am. Soc. Echocardiogr. 2015, 28,
1-39.e14. [CrossRef] [PubMed]

Zoghbi, W.A.; Adams, D.; Bonow, R.O.; Enriquez-Sarano, M.; Foster, E.; Grayburn, P.A.; Hahn, RT,; Han, Y,;
Hung, J.; Lang, R M.; et al. Recommendations for Noninvasive Evaluation of Native Valvular Regurgitation:
A Report from the American Society of Echocardiography Developed in Collaboration with the Society for
Cardiovascular Magnetic Resonance. J. Am. Soc. Echocardiogr. Off. Publ. Am. Soc. Echocardiogr. 2017, 30,
303-371. [CrossRef] [PubMed]

Nagueh, S.F; Smiseth, O.A.; Appleton, C.P; Byrd, B.E, 3rd.; Dokainish, H.; Edvardsen, T.; Flachskampf, EA;
Gillebert, T.C.; Klein, A.L.; Lancellotti, P; et al. Recommendations for the Evaluation of Left Ventricular
Diastolic Function by Echocardiography: An Update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. . Am. Soc. Echocardiogr. Off. Publ. Am. Soc. Echocardiogr.
2016, 29, 277-314. [CrossRef] [PubMed]

Craig, C.L.; Marshall, A.L.; Sjostrom, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.;
Yngve, A ; Sallis, ].E,; et al. International physical activity questionnaire: 12-country reliability and validity.
Med. Sci. Sports Exerc. 2003, 35, 1381-1395. [CrossRef] [PubMed]

Chobanian, A.V.; Bakris, G.L.; Black, H.R.; Cushman, W.C.; Green, L.A.; 1zzo, ].L.; Jones, D.W.; Materson, B.J.;
Oparil, S.; Wright, ].T.; et al. Seventh report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure. Hypertension 2003, 42, 1206-1252. [CrossRef] [PubMed]
De Simone, G.; I1zzo, R.; De Luca, N.; Gerdsts, E. Left ventricular geometry in obesity: Is it what we expect?
Nutr. Metab. Cardiovasc. Dis. 2013, 23, 905-912. [CrossRef] [PubMed]

De Simone, G.; Palmieri, V.; Bella, ].N.; Celentano, A.; Hong, Y.; Oberman, A.; Kitzman, D.W.; Hopkins, PN.;
Arnett, D.K,; Devereux, R.B. Association of left ventricular hypertrophy with metabolic risk factors:
The HyperGEN study. J. Hypertens. 2002, 20, 323-331. [CrossRef] [PubMed]

Lauer, M.S.; Anderson, K.M.; Kannel, W.B.; Levy, D. The impact of obesity on left ventricular mass and
geometry. The Framingham Heart Study. JAMA 1991, 266, 231-236. [CrossRef] [PubMed]

De Simone, G.; Devereux, R.B.; Roman, M.].; Alderman, M.H.; Laragh, J.H. Relation of obesity and gender
to left ventricular hypertrophy in normotensive and hypertensive adults. Hypertension 1994, 23, 600-606.
[CrossRef] [PubMed]

Cuspidi, C.; Rescaldani, M.; Sala, C.; Grassi, G. Left-ventricular hypertrophy and obesity: A systematic
review and meta-analysis of echocardiographic studies. J. Hypertens. 2014, 32, 16-25. [CrossRef] [PubMed]
Grossman, W.; Jones, D.; McLaurin, L.P. Wall stress and patterns of hypertrophy in the human left ventricle.
J. Clin. Investig. 1975, 56, 56-64. [CrossRef] [PubMed]

Poirier, P; Giles, T.D.; Bray, G.A.; Hong, Y.; Stern, J.S.; Pi-Sunyer, EX.; Eckel, RH.; American Heart
Association; Obesity Committee of the Council on Nutrition, Physical Activity, and Metabolism. Obesity
and cardiovascular disease: Pathophysiology, evaluation, and effect of weight loss: An update of the 1997
American Heart Association Scientific Statement on Obesity and Heart Disease from the Obesity Committee
of the Council on Nutrition, Physical Activity, and Metabolism. Circulation 2006, 113, 898-918. [CrossRef]
Cheng, S.; Fernandes, V.R.; Bluemke, D.A.; McClelland, R.L.; Kronmal, R.A.; Lima, J.A. Age-related
left ventricular remodeling and associated risk for cardiovascular outcomes: The Multi-Ethnic Study of
Atherosclerosis. Circ. Cardiovasc. Imaging 2009, 2, 191-198. [CrossRef] [PubMed]

Heesen, W.E,; Beltman, EW.; May, ].E; Smit, A.J.; de Graeff, P.A.; Havinga, T.K.; Schuurman, FH.; van der
Veur, E.; Hamer, J.P.; Meyboom-de Jong, B.; et al. High prevalence of concentric remodeling in elderly
individuals with isolated systolic hypertension from a population survey. Hypertension 1997, 29, 539-543.
[CrossRef] [PubMed]

Kostkiewicz, M.; Tracz, W.; Olszowska, M.; Podolec, P.; Drop, D. Left ventricular geometry and function in
patients with aortic stenosis: Gender differences. Int. J. Cardiol. 1999, 71, 57-61. [CrossRef]

Krumholz, HM,; Larson, M.; Levy, D. Sex differences in cardiac adaptation to isolated systolic hypertension.
Am. |. Cardiol. 1993, 72, 310-313. [CrossRef]

Woodiwiss, A.J.; Norton, G.R. Obesity and left ventricular hypertrophy: The hypertension connection.
Curr. Hypertens. Rep. 2015, 17, 539. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.echo.2014.10.003
http://www.ncbi.nlm.nih.gov/pubmed/25559473
http://dx.doi.org/10.1016/j.echo.2017.01.007
http://www.ncbi.nlm.nih.gov/pubmed/28314623
http://dx.doi.org/10.1016/j.echo.2016.01.011
http://www.ncbi.nlm.nih.gov/pubmed/27037982
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/pubmed/12900694
http://dx.doi.org/10.1161/01.HYP.0000107251.49515.c2
http://www.ncbi.nlm.nih.gov/pubmed/14656957
http://dx.doi.org/10.1016/j.numecd.2013.06.012
http://www.ncbi.nlm.nih.gov/pubmed/24095148
http://dx.doi.org/10.1097/00004872-200202000-00024
http://www.ncbi.nlm.nih.gov/pubmed/11821719
http://dx.doi.org/10.1001/jama.1991.03470020057032
http://www.ncbi.nlm.nih.gov/pubmed/1829117
http://dx.doi.org/10.1161/01.HYP.23.5.600
http://www.ncbi.nlm.nih.gov/pubmed/8175168
http://dx.doi.org/10.1097/HJH.0b013e328364fb58
http://www.ncbi.nlm.nih.gov/pubmed/24309485
http://dx.doi.org/10.1172/JCI108079
http://www.ncbi.nlm.nih.gov/pubmed/124746
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.171016
http://dx.doi.org/10.1161/CIRCIMAGING.108.819938
http://www.ncbi.nlm.nih.gov/pubmed/19808592
http://dx.doi.org/10.1161/01.HYP.29.2.539
http://www.ncbi.nlm.nih.gov/pubmed/9040435
http://dx.doi.org/10.1016/S0167-5273(99)00114-X
http://dx.doi.org/10.1016/0002-9149(93)90678-6
http://dx.doi.org/10.1007/s11906-015-0539-z
http://www.ncbi.nlm.nih.gov/pubmed/25794954

J. Clin. Med. 2019, 8, 370 11 0f 11

35. De Simone, G.; Kizer, J.R.; Chinali, M.; Roman, M.].; Bella, ].N.; Best, L.G.; Lee, E.T.; Devereux, R.B.;
Investigators, S.H.S. Normalization for body size and population-attributable risk of left ventricular
hypertrophy: The Strong Heart Study. Am. |. Hypertens. 2005, 18, 191-196. [CrossRef] [PubMed]

36. Alessandro Gondoni, L.; Titon, A.M.; Montano, M.; Nibbio, E.; Bertone, G. The importance of a shared
definition of left ventricular hypertrophy: The case of obese women. Int. |. Cardiol. 2017, 227, 404-406.
[CrossRef] [PubMed]

37. Schmieder, R.E.; Martus, P.; Klingbeil, A. Reversal of left ventricular hypertrophy in essential hypertension.
A meta-analysis of randomized double-blind studies. JAMA 1996, 275, 1507-1513. [CrossRef] [PubMed]

38. Schmieder, R.E.; Schlaich, M.P,; Klingbeil, A.U.; Martus, P. Update on reversal of left ventricular hypertrophy
in essential hypertension (a meta-analysis of all randomized double-blind studies until December 1996).
Nephrol. Dial. Transpl. 1998, 13, 564-569. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1016/j.amjhyper.2004.08.032
http://www.ncbi.nlm.nih.gov/pubmed/15752946
http://dx.doi.org/10.1016/j.ijcard.2016.11.032
http://www.ncbi.nlm.nih.gov/pubmed/27856041
http://dx.doi.org/10.1001/jama.1996.03530430051039
http://www.ncbi.nlm.nih.gov/pubmed/8622227
http://dx.doi.org/10.1093/ndt/13.3.564
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Physical Examination 
	Echocardiography 
	Covariates 
	Statistical Analyses 

	Results 
	Study Population 
	BMI and Systolic Blood Pressure Are Strong Predictors of Left Ventricular Mass Index 
	ECG Parameters According to BMI and Hypertension 
	Left Ventricular Geometry According to BMI and Hypertension 
	Association of Hypertension and Obesity with Left Ventricular Geometry 

	Discussion 
	Conclusions 
	References

