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ABSTRACT 

Background: Due to physiological and metabolic adaptation related to obesity, the pathological changes in cardiovascular geometry 

and functional state are expected. The purpose of this study was to evaluate asymptomatic alterations in cardiac dimensions and 

functional parameters and their association with anthropometric parameters and other laboratory indices in obese adolescents. 

Material and Methods: This study is a cross-sectional trial performed on 23 obese adolescents and 23 sex and age-matched healthy 

non-obese adolescents randomly selected from the relatives of hospital personnel. All individuals were undergone tissue Doppler 

echocardiography and transthoracic echocardiography to determine the cardiac parameters. Results: Obese patients had 

significantly higher mean left atrial area and volume, mean E and A velocities, declaration time, septal thickness, 

diastolic interventricular, left ventricular mass, end-diastolic left ventricular posterior wall thickness, epicardial adipose tissue 

thickness, and relative wall thickness but adversely had lower stroke volume and left ventricular ejection fraction. The raised LDL 

level was directly associated with A velocity. Also, serum triglyceride level was positively associated with left ventricular mass and left 

atrial volume, but adversely related to left ventricular ejection fraction. Conclusion: Obese adolescents are expected to experience 

significant changes in diastolic geometry and left ventricular wall dimensions. These changes can be closely associated with altered 

lipid metabolism.  

 

Keywords: Cardiac dimensions, Functional parameters, Anthropometric parameters, Laboratory indices, obese adolescents. 

 

 

1. INTRODUCTION 

Cardiovascular ischemic events are a major leading cause of mortality and disability entire the world. According to reports in 2005, 

approximately 17.5 million deaths occurred due to ischemic heart problems that is now projected to rise to about 23.6 million 

deaths by 2030 (Hajar, 2016). Many traditional as well as molecular profiles have been discovered as the risk factors for 

cardiovascular disorders among adults that predispose the subjects to cardiovascular disorders including obesity, systolic 

hypertension, diabetes mellitus, hyperlipidemia, family history of cardiac diseases, smoking, activated inflammatory cascades, and 

some genetic variants (Stewart et al., 2017 and Heianza and Qi, 2019 and Martens et al., 2019). But the point that has affected the 

mind is whether the risk factors differ in adolescence from childhood. Some researchers have found that the share of some of these 

factors is far more highlighted (Schutte, 2019). In this regard, the obesity during childhood is a contributory factor in increasing the 

likelihood of cardiovascular disease in the future (Raj, 2012). More importantly, some well-established risk factors within adulthood 

have been similarly identified during childhood and in this regard, overweight and obesity has a much stronger and amplifier role in 

children than adults (Kreatsoulas et al., 2019). Additionally, accompanying obesity with other risk factors for heart disease is far more 

likely to be expected in childhood. According to recent reports, 70% of obese children in the age range of 5 to 17 years have at least 

another cardiovascular risk factor (Umer et al., 2017). However, the association between obesity and the odds for ischemic heart 

disease during childhood remains uncertain. Moreover, it is an important question whether the occurrence of childhood obesity can 

increase the risk of heart disease in adults. As another important point, the causal effects of overweight and obesity on cardiac 

function and dimensions in adults have been clearly determined, but such changes in affected children have remained questioned 

(Abel et al., 2008). There are evidences that obesity in children increases left ventricular mass as well as the left atrium size, however 

the findings are contradictory (Koopman and Mertens, 2014 and Rowland, 2007). Based on another experience, in obese children 

even without raised blood pressure, mild changes in left ventricular diastolic function have been found to be associated with insulin 

resistance (Ghandi et al., 2018). Even the change in left atrium dimension has been suggested as an autonomous predictor of cardiac 

dysfunction in children (Zhang et al., 2018). In some histological studies, some of these changes have been attributed to the 

production and activation of inflammatory cytokines and lipid deposition in the heart tissue (Wang and Nakayama, 2010). Hence, 

the minutely assessment of early cardiac functional and structural abnormalities in overweight and obese children can effectively 

help to predict the risk for cardiovascular ischemic events even in adulthood. The purpose of this study was to evaluate 

asymptomatic changes in cardiac dimensions and functional parameters and their association with anthropometric parameters and 

other laboratory indices in obese adolescents.  
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2. MATERIAL AND METHODS 

This study is a cross-sectional trial performed on 23 obese adolescents (with body mass index higher than 95 percentile) who 

referred to obesity clinic at Rasoul-e-Akram governmental hospital in Tehran in 2018 and 23 sex and age-matched healthy non-

obese adolescents randomly selected from the relatives of hospital personnel. Those with the history of congenital heart diseases, 

thyroid problems, diabetes mellitus, Cushing disease, hypothalamus problems, hypertension, chronic liver or kidney disorders or 

with the history of corticosteroids usage within the last year were all excluded. The eligible subjects were included in the study after 

obtaining informed consent and the permission of the Ethics Committee of Iran University of Medical Sciences. On admission, the 

anthropometric parameters including height, body weight, hip circumference and waist circumference measured using same 

calibrated instruments. 

According to the BMI measurements, in children and teens with the same age and sex, overweight was defined as a BMI between 

85th and 95th percentile, and obesity was defined as a BMI of 95th percentile and above. The blood pressure was tested using a 

standardized mercury sphygmomanometer three times and after 15 minutes of rest, along with a heart rate measurement and the 

average of the measurements were considered and the final criteria. Also, fasting blood glucose was measurement by Enzyme 

Immune Assay, fasting insulin level by highly sensitive two-site sandwich ELISA technique and cholesterol and triglyceride 

concentrations by enzymatic colorimetric analysis. Finally, all individuals were undergone tissue Doppler echocardiography and 

transthoracic echocardiography to determine the cardiac parameters including periaortic adipose tissue, epicardial adipose tissue 

thickness, left atrial and left ventricular diameters and volumes, left ventricular diastolic functional indices and tissue Doppler 

parameters.    

The data were described using descriptive analysis. Frequency (in percent) and mean ± standard deviation (SD) were used to 

describe categorical and quantitative variables, respectively. The comparison between the variables was performed using t test, Chi 

square test, or Mann-Whitney U test. Pearson's test or Spearman's test were used to evaluate the association between quantitative 

parameters. Data analyses were done using IBM SPSS software (version 22.0). P-values lower than 0.05 were regarded to be 

statistically significant. 

 

Ethical committee approval number & details 

This article has approved by ethical committee of Iran University of medical science with ethic code IR.IUMS.FMD.REC.1397.306.  

 

3. RESULTS  

Comparing baseline characteristics between obese and non-obese adolescents (Table 1) showed significantly higher mean fasting 

blood sugar, higher serum triglyceride, higher aspartate aminotransferase (AST) and alanine aminotransferase (ALT), and lower level 

of vitamin D in obese patients when compared to non-obese group. In assessment of cardiac geometry and functional status 

between obese and non-obese adolescents (Table 2 & fig. 1), obese patients had significantly higher mean left atrial area and 

volume, mean E and A velocities, declaration time, end-diastolic left ventricular posterior wall thickness, diastolic interventricular 

septal thickness, left ventricular mass, epicardial adipose tissue thickness, and relative wall thickness but adversely had lower stroke 

volume and left ventricular ejection fraction. Regardless of the presence of obesity condition, we found positive associations of body 

mass index (BMI) with the parameters of left atrial area, left atrial volume, right ventricular diameter, declaration time, end-diastolic 

left ventricular posterior wall and diastolic interventricular septal thicknesses, left ventricular mass, relative wall thickness, left 

ventricular end systolic volume, and adverse associations with lower cardiac output and left ventricular ejection fraction (table 3). 

Among laboratory parameters, raised LDL level was directly associated with A velocity (r = 0.397, p = 0.008). Also, serum triglyceride 

level was positively associated with left atrial volume (r = 0.355, p = 0.019) and left ventricular mass (r = 0.405, p = 0.007), but 

adversely associated with ejection fraction of the left ventricular (r = -0.385, p = 0.011). The cardiac geometry and functional indices 

were not significantly correlated to other laboratory indices (fig. 2&3).   

 

Table 1 Baseline characteristics between the obese and non-obese groups 

Group  Obese group Non-obese group P value 

Male gender  14 (60.9) 14 (60.9) 1.000 

Age, year 12.43 ± 3.35 12.43 ± 3.35 1.000 

Anthropometric parameters     

Height  150.22 ± 14.98 147.04 ± 17.44 0.511 

Weight  79.71 ± 22.35 43.57 ± 11.61 < 0.001 

Body mass index  34.75 ± 6.16 19.68 ± 1.72 < 0.001 
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BSA 1.81 ± 0.32 1.33 ± 0.25 < 0.001 

Laboratory parameters     

Hemoglobin  13.06 ± 1.14 12.70 ± 1.23 0.336 

BUN 10.30 ± 3.08 11.16 ± 2.86 0.345 

Creatinine  0.84 ± 0.22 0.75 ± 0.11 0.104 

T4 8.67 ± 1.34 7.77 ± 1.46 0.076 

TSH 2.84 ± 1.03 2.97 ± 0.79 0.631 

Fasting blood sugar 94.21 ± 7.82 85.65 ± 11.36 0.008 

Cholesterol  152.05 ± 38.20 152.91 ± 16.76 0.922 

LDL 96.55 ± 30.09 89.26 ± 8.81 0.273 

HDL 43.30 ± 10.16 38.57 ± 9.85 0.129 

Triglyceride 137.75 ± 61.78 87.91 ± 22.33 0.001 

AST 22.50 ± 4.65 18.87 ± 4.76 0.016 

ALT 27.15 ± 12.73 19.52 ± 5.09 0.012 

Vitamin D 31.43 ± 17.41 47.09 ± 15.07 0.003 

Vital signs    

Systolic blood pressure 109.13 ± 9.84 105.00 ± 9.88 0.167 

Diastolic blood pressure 68.63 ± 6.21 67.39 ± 6.19 0.504 

Resting heart rate 77.36 ± 1.134 74.30 ± 8.19 0.304 

 

Table 2 Baseline characteristics between the obese and non-obese groups 

Group  Obese group Non-obese group P value 

LA cranio-codal diameter  47.35 ± 10.93  47.91 ± 13.77 0.878 

LA area 1 12.86 ± 4.29 10.29 ± 1.67 0.011 

LA area 2 14.20 ± 3.96 12.17 ± 1.65 0.029 

LA volume 36.22 ± 23.04 23.71 ± 7.29 0.017 

LAVI 19.40 ± 11.12 18.16 ± 5.29 0.632 

RV 1 5.88 ± 7.64 4.80 ± 5.95 0.594 

RV 2 2.89 ± 0.51 3.98 ± 5.39 0.340 

RV 3 9.83 ± 13.62 7.93 ± 9.00 0.579 

LA/AO 0.96 ± 0.08 0.98 ± 0.08 0.553 

E velocity  104.83 ± 18.80 95.61 ± 6.08 0.030 

A velocity  54.26 ± 13.52 48.00 ± 5.41 0.045 

E/A 1.99 ± 0.39 2.00 ± 0.12 0.928 

DT 149.26 ± 5.31 141.87 ± 9.25 0.002 

IVRT lateral  76.00 ± 7.15 74.96 ± 7.45 0.635 

LVRT septal  67.18 ± 7.06 62.31 ± 15.28 0.180 

IVCT lateral  87.81 ± 6.63 86.80 ± 7.86 0.616 

IVCT septal  82.24 ± 13.28 80.70 ± 7.86 0.748 

Lateral Em 18.07 ± 2.49 18.38 ± 3.41 0.720 

Lateral Am 7.06 ± 0.64 6.86 ± 0.74 0.346 

Lateral S 10.75 ± 1.29 10.48 ± 1.43 0.500 

Medial Em 14.38 ± 1.43 15.02 ± 2.61 0.314 

Septal Em 6.83 ± 0.73 6.68 ± 0.69 0.489 

Septal S 9.28 ± 1.36 9.01 ± 1.20 0.486 

MPI 0.32 ± 0.02 0.31 ± 0.02 0.146 

TAPSE 3.10 ± 0.64 3.01 ± 0.44 0.560 

RVIDd 15.30 ± 3.57 17.09 ± 3.41 0.090 

IVSd 8.21 ± 2.20 6.72 ± 0.73 0.004 

LVIDd 42.65 ± 10.59 41.35 ± 4.35 0.588 

LVPWd 8.85 ± 2.38 6.91 ± 1.23 0.001 

LVIDs 28.61 ± 7.56 26.09 ± 3.32 0.150 
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LVPWs 8.65 ± 1.78 9.81 ± 4.03 0.215 

EDV 77.70 ± 36.96 81.00 ± 12.56 0.687 

ESV 35.13 ± 12.60 30.36 ± 6.16 0.117 

FS 29.92 ± 2.68 32.52 ± 1.70 < 0.001 

LVEF 58.11 ± 4.62 63.22 ± 3.39 < 0.001 

CO 5.45 ± 6.01 4.16 ± 0.68 0.310 

SV 48.87 ± 12.71 55.74 ± 7.92 0.043 

RWT 0.43 ± 0.15 0.34 ± 0.08 0.009 

LV mass  122.25 ± 67.28 80.27 ± 16.99 0.006 

LV mass index 66.48 ± 36.12 61.90 ± 15.47 0.579 

Epicardial adipose tissue 

thickness 
1.76 ± 1.79 2.91 ± 0.53 0.005 

Mean PAP 18.87 ± 3.32 18.65 ± 2.90 0.814 

 

 

 

 

Figure 1 Comparison of laboratory parameters between obese and non-obese groups 

 

Table 3 The correlation between BMI and cardiac parameters in all population 

Group  R coefficient  P value 

LA area 1 0.485 0.001 

LA area 2 0.329 0.026 

LA volume 0.451 0.002 

RV 3 0.308 0.038 

DT 0.352 0.016 

IVSd 0.449 0.002 

LVPWd 0.437 0.002 

ESV 0.318 0.034 

FS -0.481 0.001 

LVEF -0.484 0.001 

CO -0.386 0.010 

RWT 0.332 0.024 

LV mass  0.370 0.001 
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Figure 2 Echocardiography-Doppler Criteria for Assessment of Diastolic Function. E indicates early peak mitral inflow velocity; A, late 

peak mitral inflow velocity, DT, deceleration time of the E-wave. 

 

 

Figure 3 Tissue Doppler image obtained from the lateral wall of the ventricle in an obese child 

 

4. DISCUSSION  

Due to physiological and metabolic adaptation related to obesity, the pathological changes in cardiovascular geometry and 

functional state are completely expected. These changes may be more predicted in children and adolescents because their greater 

susceptibility to physiological changes especially hormonal changes. Moreover, it seems that the cardiovascular system in childhood 

is more vulnerable that in adulthood due to adiposity changes. Based on these hypotheses, we attempted to assess the structural 

and functional cardiovascular changes in obese adolescents and to compare such changes with non-obese subjects. More 

important, most of these cardiovascular changes are asymptomatic before imposing extra load on the heart, but may predictive for 

severe cardiac dysfunction particularly heart failure during adulthood. As well shown in our study, obesity in adolescents was 

associated with multidimensional changes in cardiac geometry and function. In this regard, the increases in left ventricular wall 

thickness as well as in the area and volume of the left atria along with increase in epicardial adipose tissue thickness are highlighted 

geometric cardiac changes in obese individuals. Besides, the echocardiography assessment emphasized the abnormal changes in 

either systolic or diastolic left ventricular function in obese ones. Interestingly, the changes in some cardiac geometric parameters 

could be predicted by the change in some lipid metabolism indices especially higher serum level of LDL and triglyceride. Similar 

changes were previously described in similar studies. In a similar study, Ghanem et al. (Ghanem et al., 2010) reported diastolic 
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function changes and increases in the dimension and mass of the left ventricular wall of obese children that were predicted by 

increasing in some lipid metabolism parameters such as LDL and triglyceride. As a more important finding in their study, weight 

reduction could lead to recovery of cardiac function and geometry. Some other studies could demonstrate increasing left ventricular 

wall thickness as well as left ventricular mass in obese than in non-obese youth (Friberg et al., 2004 and Koehler et al., 1997 and 

Mehta et al., 2004 and Rabbia et al., 2003). Some other studies have confirmed a significant association between obesity severity and 

left ventricular size especially end-systolic and end-diastolic dimensions of the left ventricular in adolescents (Kono et al., 1994 and 

Rowland, 2005). Regarding the cardiac functional and geometric changes in obese youth, recent studies could explain such 

abnormal changes. Cardiac enlargement in obesity can be due to the response to increased hemodynamic load (Chinali et al., 2006).  

Some other studies expressed that the cardiac geometric changes in obesity may be due to the anabolic impacts of 

hyperinsulinemia as a representation of resistance to insulin (Gidding et al., 2004 and Giordano et al., 2003 and Sasson et al., 1993). 

In some studies, the change in cardiac function could be predicted by some inflammatory markers. According to a recent study by 

Franssen et al. (Franssen et al., 2018), diameter of the left atria, thickness of the left ventricular septum, mitral E/e' ratio and A-wave 

velocity were significantly increased, while mitral e'-wave velocity was significantly decreased in obese adolescents. They predicted 

these changes through the evaluation of elevated homeostatic model of insulin resistance and blood insulin, uric acid 

concentrations, and C - reactive protein. However, in our study, the change in cardiac geometry and function parameters were 

independent to glycemic control parameters and insulin resistance. We believe that such associations between increased body mass 

index and cardiac structural and functional change may originate from molecular characteristics such as population-based genetic 

variants especially those associated with lipid metabolism. Such genetic variants and polymorphisms have been discovered in adult 

population (Goodarzi, 2018 and Iacobellis et al., 2006 and Yaylali et al., 2011), but not in children requiring comprehensive molecular 

studies.         

 

5. CONCLUSION  

As the final conclusion, obesity in adolescents is closely associated with significant changes in geometric and functional parameters 

including increasing left ventricular mass, left ventricular wall thickness and also diastolic functional parameters. These cardiac 

changes can be associated with some abnormalities in lipid metabolism.  
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