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Abstract

Background: Simple obesity in China is rising rapidly and causing increasing concern. The
objectives of our study are to investigate cardiac structure and function in individuals with
simple obesity and to analyze the effect of BMI on left ventricular structure and function.
Methods: Between January 2012 and July 2014, echocardiography was performed in 361 con-
secutive patients visiting the outpatient echocardiography center for a health examination or
cardiac evaluation before a weight loss operation in our hospital. Echocardiographic indices,
waist-to-hip ratios, BMI, and metabolic markers were evaluated. We analyzed these data us-
ing Student's t test (normally distributed) or a nonparametric test (not normally distributed)
for continuous variables and chi-square test for categorical variables. Multivariate correlation
and regression analysis were conducted for comparisons. Results: The study sample was di-
vided into three groups: a normal/overweight group (BMI < 28.0 kg/m?), a mildly/moderately
obese group (BMI 28-39.9 kg/m?), and a severely obese group (BMI > 40 kg/m?). There were
no significant differences in clinical and laboratory characteristics among the groups, except
for BMI and waist-to-hip ratio. The severely obese group had a higher left ventricular end
diastolic diameter (LVEDD; p < 0.01) and lower left ventricular ejection fraction (LVEF; p < 0.01)
than the mildly/moderately obese group, which had a higher LVEDD and LV mass index (LVMI)
than the normal/overweight group. BMI correlated well with LVEDD, left ventricular posterior
wall thickness at end-diastole (LVPW), LV mass, LVMI, and E/e". In addition, age was signifi-
cantly associated with some echocardiographic parameters, including left atrial dimension
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(r = 0.366, p < 0.01), LVPW (r = 0.347, p < 0.01), interventricular septal thickness at end-
diastole (r = 0.351, p< 0.01), and E/A (r = -0.47, p < 0.01). Conclusions: Simple obesity caused
cardiac structural changes, including LV hypertrophy and LV enlargement, and severe obesity
resulted in asymptomatic LV systolic and diastolic function impairment.

© 2015 S. Karger GmbH, Freiburg

Introduction

Obesity, which is characterized by excessive fat deposition, is a growing problem in China
because of economic development and improved living standards [1-3]. Based on its patho-
genesis, obesity is separated into simple obesity and severe obesity [4]. Simple obesity is the
presence of obesity without other diseases, often caused by unhealthy lifestyles, including
poor dietary habits and limited physical activity [4]. Severe obesity rapidly shortens life expec-
tancy and increases the risk of chronic and fatal diseases. Many studies have shown that severe
obesity is associated with significant cardiac abnormalities, including abnormal left ventricular
(LV) geometry and function [5]. However, these studies focused on obesity in patients with
metabolic syndrome or associated disorders such as diabetes [6], hypertension [6, 7], hyper-
lipidemia [6, 8], and adipose inflammation [9]. Limited information is available on the rela-
tionship between simple obesity and cardiac structure or function. The aims of our study were
to investigate echocardiographic characteristics, blood pressure, waist-to-hip ratio (WHR),
and metabolic markers in a population with simple obesity and to analyze the effect of BMI on
cardiac structure and function and the relationships between BMI and other clinical features.

Patients and Methods

Study Population

Between January 2012 and July 2014, we evaluated 361 consecutive patients who visited the outpatient
echocardiography center for a health examination or cardiac evaluation before a weight loss operation in our
hospital. Patients were eligible for inclusion if they fulfilled the following criteria: age > 18 years, sinus rhythm,
healthy, and a signed consent form. Exclusion criteria were as follows: hyperlipidemia; hyperthyroidism;
diabetes; hypertension; acute inflammatory disorders; ischemia; trauma; surgery; pancreatitis; febrile
disorders; connective tissue disorder; kidney disease; lung disease; and primary and secondary heart diseases,
including heart failure, coronary heart disease, segmental wall motion abnormalities, restrictive pericarditis,
valvular heart disease, arrhythmia, cardiomyopathy, infective endocarditis, and cardiac tumors. Patients were
excluded if they had a history of taking cardiac medication. Patients were also excluded if their ultrasonic signal
was very poor. All patients had amedical record completed, including age, gender, height, weight,and abdominal
and hip circumferences. Written informed consent was obtained from all study participants, and the study
protocol was approved by the Shanghai Ninth People’s Hospital Ethics Committee and Research Board.

Measurement and Calculation

Blood pressure (BP) was measured using a calibrated mercury sphygmomanometer in both arms while
sitting after at least 30 min of rest, and the average of 3 recordings was used. Weight and height were
measured with participants in light clothing and not wearing shoes. Abdominal and hip circumference
measurements were performed by the same examiner with the patient in a standing position.

WHR was calculated as abdominal circumferences divided by hip circumferences. BMI was calculated
as weight (in kilograms) divided by the square of height (in meters). Body surface area (BSA) was calculated
using the DuBois formula as BSA (m?) = weight (kg)?*?® x Height (cm)®72% x 0.00718413 [10].

Laboratory Tests

All of the subjects were investigated in the morning after an overnight fast. A venous cannula was
inserted into the brachial vein for blood sampling. The blood samples were drawn into 5-ml EDTA glass
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tubes. Serum was separated by centrifugation, and biochemical measurements were conducted immediately.
Serum total cholesterol (Tchol), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), triglyceride (TG), creatinine (Cr) and blood glucose (BG) were assayed using routine
laboratory techniques.

Definitions and Groups

Asian, European, and American people belong to different races; thus, the WHO’s criteria are not very
suitable for Chinese individuals. Based on Chinese obesity standards [11], the patients were characterized as
normal weight if their BMI was between 18.5 and 23.9 kg/m?, overweight if their BMI was between 24 and
27.9 kg/m?, obese if their BMI was above 28 kg/m? and severely obese if their BMI was higher than
40 kg/m?. We divided the study participants into three groups: Group 1, normal weight and overweight (G1,
BMI < 28.0 kg/m?); Group 2, mild and moderate obesity (G2, BMI 28-39.9 kg/m?); and Group 3, severe
obesity (G3, BMI > 40 kg/m?).

Echocardiographic Assessment

Echocardiography, including standard two-dimensional M-mode, Doppler and tissue-Doppler measure-
ments, was performed using the German Acuson Sequoia C512 ultrasound heartbeat graph examination
instrument and a 3.25 MHz transducer. All echo-Doppler studies were performed by the same observer, who
was unaware of the clinical data, to avoid inter-reader variability. All measurements were averaged over
three consecutive cardiac cycles. Special attention was focused on the location of the sample size as well as
on gain, filter, and angulations, to obtain reliable measurements.

Left ventricular end diastolic diameter (LVEDD), left atrial dimension (LAD), interventricular septal
thickness at end-diastole (IVS), and left ventricular posterior wall thickness at end-diastole (LVPW) were
measured using the American Society of Echocardiography (ASE) and the European Society of Cardiology
guidelines. Left ventricular (LV) mass was calculated according to the Devereux formula: LV mass = 1.04 x
((LVEDD + IVS + LVPW)3 - (LVEDD)?) - 13.6 [12]. Thereafter, LV mass index (LVMI) was obtained by the
following formula: LV mass / BSA (g/m?) [13].

LV systolic function was assessed by left ventricular ejection fraction (LVEF), which was measured using
the modified Simpson’s rule from two-dimensional echocardiographic tracings obtained in an apical four-
chamber view. LV diastolic function was evaluated using the E/A and E/e’ ratios, which were measured by
pulsed-wave Doppler and pulsed-wave tissue Doppler imaging (TDI) [14]. Peak velocities of the early phase
(E) and late phase (A) at the level of mitral valve leaflet tips were measured by pulsed-wave Doppler; then,
the ratio (E/A) was calculated. TD], guided by the two-dimensional four-chamber view, was performed to
measure myocardial velocities. The setting was adjusted for a frame rate between 120 and 180 Hz, and a
cineloop of 3-5 consecutive heartbeats was recorded [14]. Early diastolic (e") and late diastolic (a") myocardial
velocities were measured from the average of septal and lateral tissue velocities in the apical four-chamber
view, and then the E/e’ ratio was calculated.

Statistical Analysis

The data were expressed as means + SD. Differences in the means of variables were evaluated using both
parametric tests depending on the distribution of the variables. Categorical variables were analyzed using
the chi-square test. Continuous variables were analyzed using Student’s t-test (normally distributed) or a
nonparametric test (not normally distributed) or analysis of variance followed by post-hoc analysis for
multiple comparisons using Tukey’s test to assess different subsets as appropriate. The associations between
variables were studied using Pearson’s correlation coefficient and forward stepwise multiple regression
analysis. Statistical significance was considered as p < 0.05. All statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS for Windows, version 17.0; SPSS Inc., Chicago, IL, USA).

Results
Clinical and Laboratory Characteristics
Of the 361 participants (167 males, 194 females, mean age 34.2 + 10.7 years, minimum

18 years, maximum 67 years), 74 participants had a normal BMI and 58 were overweight
(G1), 67 were mildly obese and 50 were moderately obese (G2), and 112 were severely obese
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characteristics of studied G1 (n=132) G2 (n=117) G3 (n=112)
patients Age, years 303+7.1 34.4+10.8 32.8+8.6
BMI, kg/m? 21.7+3.1 32.4 % 3.6* 48.9 + 8.6*
WHR 0.84 £0.07 0.98 + 0.06* 1.06 £ 0.05*
Gender, M/F 61/71 52/65 54/58
SBP, mm Hg 127 +9 132 + g# 137+8
DBP, mm Hg 777 75+7 78+9
HR, bmp 83+14 81+11 86+11
BG, mmol/1 4.7+0.6 5.0+0.6 51+0.8
Tchol, mmol/1 43+0.6 4.4 +0.7 4.7 0.6
TG, mmol/I 1.48 +0.76 1.41+0.83 1.7 + 1.54
LDL, mmol/I 243 +0.64 2.76 £0.72 2.98 £ 0.65
HDL, mmol/1 1.03 £ 0.26 1.08 £ 0.27 1.00 £ 0.29
Cr, pmol/1 67 +13 73 +15 74 +18

Table 2. Echocardiographic

G1 =Normal weight and overweight group; G2 = mild and moderate
obesity group; G3 = severe obesity group.
Compared with G1: G2, *p < 0.01, #p < 0.05.

Compared with G2: G3, *p < 0.01.

characteristics of studied Ll {m = 152) Laim= i) Lollm =1z

patients LVEDD, mm 474449 54.0 + 5.0% 60.0 + 5.2*
IVS, mm 93+1.2 11.5 + 1.5* 121+ 1.4
LVPW, mm 92+1.2 11.4 + 1.4* 12.0+13
LV mass, g 193 + 63 319 + 98* 403 + 112*
LVMI, g/m?7 103 + 24 142 + 39* 143 +31
LAD, mm 33.4+3.4 37.2 + 4.6 40.6 + 5.5
LVEF, % 63.6 £ 4.5 61.6 + 6.8 57.3 +5.5%
E/A (mitral) 1.41+0.42 1.15 + 0.30* 1.16 £ 0.30
E/e’ (mitral) 8.2+1.9 9.5 + 2.3* 11.4 % 2.9*

G1 =Normal weight and overweight group; G2 = mild and moderate
obesity group; G3 = severe obesity group.
Compared with G1: G2, *p < 0.01, #p < 0.05.

Compared with G2: G3, *p < 0.01.

(G3). Because age influences LV structure and function, the age distribution of each group did
not differ. The clinical characteristics of each group are shown in table 1. Obese patients had
higher systolic blood pressure (SBP) than the normal/overweight patients. Except for BMI
and WHR, there were no significant differences in other characteristics among these groups,
including age, gender, diastolic blood pressure (DBP), heart rate (HR), lipid profile, Cr, and
BG.

LV Structure and Function

Comparisons of echocardiographic parameters are shown in table 2. There was a signif-
icant difference in cardiac structure parameters, including LVEDD, IVS, LVPW, LV mass, LVMI
and LAD, among the three groups. Compared to the normal/overweight group (G1), mildly/
moderately obese patients (G2) had a larger heart cavity, thicker IVS and LVPW as well as
larger LV mass and LVMI, but there was no difference in LVEF, which indicated LV hyper-
trophy in the mildly/moderately obese patients. Severely obese patients had a larger heart
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Table 3. Echocardiographic characteristics in gender and age subgroups and G1 subgroup

Age group Gender group G1 group

G-Y G-0 G-F G-M G1-1 G1-2

(n=223) (n=138) (n=194) (n=167) (n=74) (n=58)
Age, years 278+4.6 43.1 +5.5* 329+89 33.5+9.0 289+6.3 35.5 + 8.9%
BMI, kg/m? 289+10.6 334=x11.6% 293x11.6 31.7+10.6% 20.1%26 25.7 £ 2.5*
WHR 090+0.12 0.95%0.10* 0.90%0.13 0.94+0.09% 0.82+0.06 0.90%0.07*
LVEDD, mm 499+6.7 54.0 + 6.8* 49.1+6.6 53.8+ 6.6* 46.1+4.4 51.8 £4.1*
IVS, mm 9.8+1.6 11.3+1.7* 99+1.8 10.9 £ 1.7* 8.8+0.38 10.8 £ 1.1*
LVPW, mm 9.8+1.6 11.2 £ 1.7* 9.8+1.7 10.8 £ 1.7* 88+0.38 10.7 £ 1.0*
LVmass, g 233 +£107 316 £ 120* 223 +108 299 + 119* 170 + 42 269 * 62*
LVMI, g/m?7 109 27 141 £ 39* 113 £33 128 + 36* 96 +18 127 + 26*
LAD, mm 33.1+45 37.4+5.8* 333+48 36.0 £ 5.7* 304+29 354 +2.6*
LVEF, % 62.9+6.0 60.2 + 5.0* 62.8+59 61.1+5.7 63.8+4.4 62.9+4.7
E/A (mitral) 142+038 1.07+0.29* 137040 1.22+0.37 146+038 1.22+0.48
E/e’ (mitral) 9.7+2.5 92+24 9.0+2.5 93+24 9.0+25 93+24

G-Y = Young subgroup (age < 35 years); G-O = middle/old subgroup (age > 35 years); G-F = female
subgroup; G-M = male subgroup; G1-1 = normal-weight group; G1-2 = overweight group.
Within group comparisons: *p < 0.01, #p < 0.05.

cavity, larger LV mass, and lower LVEF than the mildly/moderately obese group (G2), but
there was no difference in IVS, LVPW and LVMI, which suggested that LV enlargement was
accompanied by LV systolic function impairment in the severe obesity group.

LV diastolic function was evaluated using the E/A and E /e’ ratios. The E/A ratio refers to
the ratio of E-wave mitral velocity to A-wave mitral velocity at the level of the mitral valve
leaflet tips. Impaired relaxation was detected by a reduction in E/A ratio. The E/A ratio was
significantly higher in the normal/overweight group than in the mildly/moderate obesity
group, but there were no significant differences between the mildly/moderate obesity and
severe obesity groups. Increased filling pressure was considered to be present in patients
with an increased E/e’ ratio, which became progressively higher from the overweight to the
severe obesity groups; thus, diastolic dysfunction was significantly higher in the severe
obesity group than in the overweight/obese groups.

In the subgroup analyses, we divided the participants according to age and gender. As
shown in table 3, there were higher BMI and WHR, larger heart cavity, thicker myocardial
wall, and lower LVEF and E/A in the middle-aged/old subgroup (age > 35 years) than in the
young subgroup (age < 35 years). We also found that males had higher BMI and WHR, larger
LVEDD and LAD, thicker septum and posterior wall, and larger LV mass and LVMI than
females. To understand whether being overweight affects cardiac structure and function, the
G1 group was divided into an overweight subgroup and a normal subgroup. The overweight
subgroup had a larger heart and thicker ventricular wall than the normal subgroup. However,
there were no significant differences in functional characteristics, including LVEF, E/A ratio
and E/e’ ratio, among these subgroups.

Interrelations

Multivariate correlation and logistic regression analysis demonstrated the association of
BMI or WHR with clinical and echocardiographic parameters (table 4). A series of stepwise
multiple regression models were developed to identify independent associations of BMI or
WHR. The set of variables tested in these models included laboratory and echocardiographic
parameters. The variables were put into the stepwise models in order of descending signifi-
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Table 4. The association of BMI

. . BMI WHR
and WHR with clinical and (R%= 0.891; p < 0.000) (R% = 0.732; p < 0.000)
echocardiographic parameter
Coeff SE p Coeff SE p
Age 0.064 0.056 0.150 -0.079 0.001 0.260
SBP 0.091 0.050 0.032 0.088 0.001 0.184
DBP -0.048 0.057 0.205 -0.167 0.001 0.006
BG 0.004 0.585 0.918 0.029 0.009 0.596
HR 0.019 0.030 0.592 0.062 0.000 0.269
Cr 0.052 0.026 0.131 -0.008 0.000 0.884
Tchol -0.004 0.565 0.900 -0.006 0.009 0.912
TG -0.032 0.385 0.342 0.084 0.006 0.110
LDL 0.040 0.548 0.248 0.112 0.009 0.039
HDL -0.037 1430 0.279 -0.072 0.023 0.179
LVEF -0.058 0.070 0.112 -0.034 0.001 0.554
LVEDD 0.309 0.186 0.009 0.648 0.003 0.001
LAD 0.058 0.146 0.414 0.176 0.002 0.114
IVS -0.260 1.578 0.314 -0.510 0.025 0.208
LVPW 0.725 1.559 0.004 1.460 0.025 0.000
LV mass 0917 0.019 0.000 -0.641 0.000 0.046
LVMI -1.096 0.031 0.000 -0.406 0.000 0.009

E/A (mitral) 0.012 1.190 0.771  -0.097 0.019 0.140
E/e' (mitral) 0.082 0.171 0.034  0.007 0.003 0.911

Coeff = Sample estimate of the regression parameter; SE = standard
error of the estimated regression coefficient.

cance in the univariate analyses. The independent determinants were SBP/DBP, LDL-C,
LVEDD, LVPW, LV mass, LVM], and E/e’ ratio (mitral).

We also studied the associations of echocardiographic parameters with clinical and labo-
ratory characteristics using Pearson’s test (r) (table 5). Significant correlations were revealed
between BMI and LVEDD, LVPW, LV mass, LVMI or E/e’ ratio and between WHR and LVEDD,
LVPW, LV mass or LVMI. WHR was found to be directly correlated with LDL-C and DBP, and
BMI was correlated with SBP but not with HR, BP, Cr, Tchol, or TG. Additionally, we found that
age was significantly positively associated with some echocardiographic parameters,
including LAD (r = 0.366, p < 0.01), LVPW (r = 0.347, p < 0.01), and IVS (r = 0.351, p < 0.01),
and was negatively associated with E/A ratio (r = -0.47, p < 0.01). There was no relationship
between other characteristics and the echocardiographic parameters.

Discussion

In the present study, we have compared cardiac structure and function in patients with
various degrees of obesity using echocardiography and also evaluated the relationship
between clinical characteristics and echocardiographic parameters. The main clinical findings
were the following: i) Patients with mild and moderate obesity demonstrated LV hypertrophy
and enlargement. ii) Patients with severe obesity showed not only LV hypertrophy but also
asymptomatic cardiac function impairment. iii) These cardiac structural and functional
changes were independently determined by BMI, WHR, and age, and not by HR, BP, BG, Cr,
Tchol, or TG.

There has been a significant increase in the incidence of obesity, followed by an increased
prevalence of hypertension and heart failure, in China during the past decades [15]. Obesity,
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Table 5. Correlations of clinical and echocardiographic characteristics

216

BMI LVEDD LVPW LV mass LVMI LAD LVEF E/A E/e’

r p r p r p r p r p r p r p r p r p
BMI / / 0.78 0.00 0.76 000 084 0.00 056 0.00 073 0.00 -039 000 -0.34 0.00 0.51 0.00
WHR 084 000 070 000 075 0.00 072 0.00 058 0.00 069 0.00 -0.36 0.00 -0.38 0.00 0.44 0.00
Age 0.10 0.23  0.24 0.01 035 0.00 030 0.00 044 0.00 037 0.00 -0.14 010 -0.47 0.00 -0.04 0.63
SBP 035 0.02 023 006 046 0.00 050 0.00 043 000 032 003 -0.08 034 -0.18 0.04 0.23 0.01
DBP 0.11 021 020 010 013 013 011 0.20 009 029 014 018 -0.03 0.73 -0.09 0.30 0.08 0.22
HR 0.05 056 008 036 005 056 002 074 012 017 010 026 -012 037 -0.09 0.32  0.04 0.70
BS 0.10 0.06 0.08 016 010 0.09 019 011 021 0.08 014 026 -0.15 0.08 -0.13 0.15 0.08 0.34
Tchol 0.09 0.07 0.18 0.13 019 030 0.06 050 0.09 048 019 0.12 -0.09 029 -0.06 0.32 0.13 0.15
TG 0.02 084 0.06 064 012 081 0.13 028 003 074 011 038 -0.16 0.08 0.07 058 0.06 0.63
LDL 0.06 048 0.13 0.11 016 0.10 011 030 019 0.24 023 0.08 -0.04 0.68 -0.24 0.26 0.16 0.19
HDL -0.09 031 -0.05 0.56 -0.05 0.60 -0.06 046 -0.04 035 -0.07 0.58 0.13 019 0.12 0.23 -0.09 0.46
Cr 0.06 065 010 026 0.06 058 0.10 049 002 080 0.09 030 -0.05 060 -0.04 0.65 -0.07 0.39

as a risk factor for diabetes, has gained recognition in China [16]. However, there is little
concern about the relationship between simple obesity and heart disease. Therefore, we eval-
uated clinical and echocardiographic characteristics in patients with simple obesity and
analyzed changes in cardiac structure and function. Our results showed that obese patients
were more likely to have LV enlargement and hypertrophy, which was directly positively
correlated with BMI. Because there were no differences in other clinical characteristics,
including age, HR, BP, BG, Cr, Tchol, TG, LDL-C and HDL-C, among the various obese groups,
simple obesity contributes to the development of LV hypertrophy and enlargement.

LVEF, as arecognized predictor of LV systolic function decline, was lowest in the severely
obese group, although all these data were in the normal range (50-80%). Diastolic dysfunction
was classified as mild if E/A < 0.7 (impaired relaxation), moderate if E/A >0.7 and <1.5
(pseudo-normalized pattern), and severe if E/A > 1.5 (restrictive pattern) [16]. To clarify the
role of obesity in LV diastolic function, we analyzed the E/A and E /e’ ratios of the three groups
and found that the mildly/moderate obesity group had alower E/A ratio and higher E /e’ ratio
than the normal/overweight group. Additionally, the severe obesity group had a higher E/e’
ratio but no change in E/A ratio compared to the mildly/moderate obesity group, which may
be due to the pseudo-normalized pattern of the E/A ratio in the severe obesity group.
Decreased E/A and increased E/e' ratios indicated increased filling pressure, which suggested
the presence of diastolic dysfunction. These data reveal that severe obesity impairs not only
LV systolic function but also LV diastolic function.

The key observation in the present study was that alterations in the cardiac structure and
function of severely obese patients were different from those of mildly/moderately obese
patients. Compared to the normal/overweight group, there were thicker IVS and LVPW and
higher LVMI in the mildly/moderately obese group but not in the severely obese group
(table 2). However, there was a significantly lower LVEF in the severely obese group, but not
in the mildly/moderately obese group. The mildly/moderately obese patients showed LV
hypertrophy and very early diastolic dysfunction, but severely obese patients showed LV
enlargement and systolic and diastolic function impairment. All these data suggest that
obesity might result in myocardial remodeling, accompanied by LV function disturbances
thatincrease with the degree of obesity. Additionally, LV mass and LVMI are the absolute and
relative weights ofthe heart, respectively,and LVMIis more accurate for evaluating myocardial
remodeling [17, 18]. As shown in table 2, severely obese patients had larger LV mass, but not
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LVM]I, than the mildly/moderately obese patients, which indicates that the degree of
myocardial remodeling was not different between the two groups, despite the heavier hearts
of the severely obese patients.

The results of the correlation analysis further confirmed the relationship between obesity
and heart structure. A significant positive correlation was observed between BMI or WHR and
echocardiographic parameters, including LVEDD, LVPW, LV mass and LVMI, which suggested
that BMI and WHR are independent determinants of LV hypertrophy. Increasing BMI was
associated with increasing E/e’ ratio, which also indicates that patients with severe obesity
exhibited asymptomatic LV diastolic function impairment. We also evaluated the association
of echocardiographic parameters with other clinical characteristics, including HR, BP, BG, Cr,
Tchol and TG, and did not find any significant relationships between them. All these data
suggest that simple obesity is an independent risk factor for LV hypertrophy and dysfunction.
Therefore, weight loss is necessary for most obese patients.

Many scientists have studied the relationships between obesity and heart diseases with
a special emphasis on potential mechanisms. Eschalier et al. [19] reported that early cardiac
structural remodeling, fibrosis and diastolic dysfunction were detectable in healthy but
obese adolescents. Linz et al. [20] found increased LV fibrosis with increased myocyte diam-
eters and an impaired LV ejection fraction in an obese, spontaneously hypertensive rat
model. However, the pathophysiology of obesity-induced LV remodeling and dysfunction is
not clear. Increased blood volume and heart overload may be involved in the pathogenesis
of myocardial hypertrophy [20]. Cardiac overload is associated with increased activation of
the renin-angiotensin-aldosterone system (RAAS) [20]. Therefore, increased RAAS acti-
vation may stimulate myocardial hypertrophy and fibrosis, leading to LV systolic and
diastolic dysfunction. The molecular mechanisms of the effects of obesity on cardiac contrac-
tility were studied in previous experimental studies, including oxidative stress [21, 22],
calcium mishandling [22], high-sensitivity C-reactive protein [23], insulin resistance [22,
24], and arterial stiffness [25].

We have demonstrated that age was also independently associated with LV hypertrophy
and dysfunction. Middle-aged/old patients had larger heart cavities, thicker myocardial walls,
and lower LVEF and E/A ratios than young patients. Age was also significantly positively asso-
ciated with LV hypertrophy and very early LV diastolic function, but not with BMI. Therefore,
age was also a factor that mediated LV hypertrophy and diastolic dysfunction but was inde-
pendent of BMI. We also analyzed the effect of gender on cardiac structure and function and
found that male hearts were always larger than female hearts, but the function was not
different, and there was no difference in overweight individuals (table 3).

Consistent with the results of many studies on obesity and hypertension [26-28], we
found that SBP was increased in obese patients and positively associated with BMI, LVEDD as
well as myocardial thickness and function. Obesity can lead to hypertension, which is closely
related to heart structure and function. In fact, obesity, hypertension, and LV hypertrophy are
inseparable. Obesity is also an independent risk factor for hypertension. The mechanisms
underlying obesity-associated hypertension have not yet been clearly understood. There are
some leading hypothetical mechanisms to explain obesity-associated hypertension, including
activation of the RAAS, adipose tissue and endothelial dysfunction [26-28].

Limitations

Given our strict exclusion criteria, this study is homocentric and cross-sectional, and the
studied population size was limited. The proof of clinically documented preexisting cardio-
vascular disease in our study participants was only based on the noninvasive strategy used
in the study protocol; so we could not clearly ascertain the absence of coronary artery disease.
However, this factor seems unavoidable because an angiographic verification would not be
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justified in asymptomatic individuals for ethical reasons. As numerous comparisons were
performed with no adjustment for multiple testing, the increased risk of type I errors should
be acknowledged.

Conclusion

LV hypertrophy and enlargement were often observed in the mildly/moderately obese
group, and asymptomatic LV function impairment was observed particularly in the severely
obese group. An increased BMI and WHR were directly correlated with LV hypertrophy
factors suchas LVEDD, LVPW, LV mass, and LVMI. Additionally, age had a positive relationship
with LV hypertrophy and diastolic dysfunction. These observations indicate that simple
severe obesity is an independent risk factor for cardiac dilatation, hypertrophy as well as
asymptomatic LV systolic and diastolic function impairment.
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