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Abstract: Background: Obesity is associated with many risk factors, such as hyperlipidemia, hyperinsulinemia, hy-
pertension and leads to early atherosclerosis. The aim of this study was to investigate the relation of the mean 
platelet volume (MPV) and the carotid intima media thickness (CIMT) on cardiac functions among obese children. 
Materials and Methods: Sixty obese children, with body mass index percentile were >95% and forty eight healthy 
controls were enrolled in the study. Triglyceride, total cholesterol, high-density lipoprotein cholesterol, low-density 
lipoprotein cholesterol, alanine aminotransferase (ALT), aspartate aminotransferase (AST), thyroid function tests, 
hemoglobin, white blood cell, MPV and insulin resistance were evaluated. CIMT was measured by using high-resolu-
tion ultrasound and echocardiography was performed to all individuals. Results: MPV and CIMT values were found 
significantly higher in obese children than controls. There was positive correlation between CIMT and age, body sur-
face area (BSA), systolic and diastolic blood pressure, left ventricular meridional end-systolic wall stress (ESWSm), 
myocardial fiber stress (MFS), stroke volume (SV) and insulin and negative correlation with left ventricle end-systolic 
elastance by single beat technique (Ees(sb)) and arterial elastance (Ea). There was no correlation between LVM, car-
diac risk profiles and CIMT. Multiple stepwise regression analyses revealed that ESWSm (β=0.337, P=0.049) was 
only independent factor on CIMT. MPV values showed negative correlation with ALT, AST, Free T4, thyroid stimulating 
hormone and positive correlation with age and BSA. Conclusion: Current study showed that obesity has an inde-
pendent impact on CIMT and MPV values in children. Increased CIMT in obese children leads significant increase in 
ESWSm and decrease in Ea and Ees(sb).
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Introduction

Obesity is a chronic metabolic disorder related 
with cardiovascular disease and carries mor-
bidity and mortality risk [1]. It is also suggested 
that the prevalence rate of atherosclerosis is 
high among individuals with non-alcoholic fatty 
liver disease (NAFLD) [2]. On the other hand 
atherosclerotic lesions in the aorta, coronary 
and the carotid arteries seem to be related with 
the risk factors, such as obesity, dyslipidemia, 
hypertension and diabetes mellitus (DM) [2]. 
Early childhood atherosclerosis may cause the 
coronary artery disease in adulthood [3]. The 
determination of the cardiovascular risk profile 
in children with obesity may make earlier diag-

nosis of the cardiovascular complications and 
thus preventive measures can be taken. 

Platelet size is correlated with platelet activa-
tion and large platelets have more hemostatic 
activation [4]. So the mean platelet volume 
(MPV) may be used as a marker of platelet acti-
vation and may also be associated with athero-
sclerosis as a simple assessment tool [5]. Acute 
myocardial infarction, acute ischemic stroke, 
preeclampsia and renal artery stenosis leads to 
increase in MPV value. Also increased MPV 
value may indicate poor prognosis after myo-
cardial infarction, restenosis after coronary 
angioplasty and during the period of preeclamp-
sia [6]. Additionally measurement of carotid 
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intima media thickness (CIMT) was used as a 
non-invasive predictive marker of atherosclero-
sis [7]. Subclinical carotid atherosclerosis is 
associated with impaired left ventricular (LV) 
functions and plays an important role in the 
development of heart failure [8]. 

The primary aim of the present study was to 
investigate the relation between MPV levels 
and CIMT measurements and LV meridional 
end-systolic wall stress (ESWSm), myocardial 
fiber stress (MFS), arterial elastance (Ea), LV 
elastance at end-systole derived by single-beat 
technique (Ees(sb)) and stroke volume (SV) as 
cardiac performances in obese children with 
NAFLD using conventional arterial ultrasound 
and echocardiography comparing with healthy 
controls. We also studied cardiovascular risk 
profiles in obese children related to the cardiac 
functions.

Materials and methods

After approval of the ethics committee and the 
signed informed consents of the patients’ par-
ents or their legal guardians were obtained. The 
control group was selected randomly from out-
patient population of the university hospital. 
Patients aged between 6-16 years, diagnosed 
as exogenous obesity and had NAFLD were 
included in the study. After measuring body 
weight and height, body mass index (BMI) of all 
children was calculated as, the individual’s 
body weight divided by the square of individu-
al’s height. Obesity was defined as a BMI 
exceeding 95th percentile [9].

Exclusion criteria were to have DM, Cushing 
syndrome, growth hormone deficiency, hyper-
tension, familial hypercholesterolemia, chronic 
liver disease and using of corticosteroids. All 
obese and healthy individuals were screened 
by the same experienced radiologist. The diag-
nosis of NAFLD was based on increased echo-
genicity determined by ultrasound compatible 
with fatty infiltration of the liver with or without 
elevated alanine aminotransferase (ALT) 
levels. 

After 12-hours fasting, the blood samples were 
taken for glucose, insulin, triglyceride, total 
cholesterol, high-density lipoprotein (HDL), low-
density lipoprotein (LDL), ALT, AST, Free T3, 
Free T4, thyroid stimulant hormone (TSH), 
hemoglobin (Hb), white blood cell count (WBC), 

platelet count (PLT) and MPV calculation. 
Insulin resistance was calculated by a homeo-
stasis model assessment-IR (HOMA-IR) index 
as described by Matthews et al. [10]. Body sur-
face area (BSA) was calculated by Mosteller for-
mula [11].

The carotid artery ultrasound performed by the 
same radiologist, according to the recommen-
dations of the American Society of Echocardio- 
graphy CIMT Task Force [12]. Echocardiographic 
assessments were performed by a single pedi-
atric cardiologist. All calculations were done 
using the parameters derived from echocardio-
graphic measurements. ESWSm was calculat-
ed by the method of Grossman [13] and MFS 
according to the formula recommended by 
Regen [14]. Ees(sb), Ea and SV were calculated 
as we described previously [15]. LVM was com-
puted according to the Devereux Formula [16]. 

The statistical analyses were carried out by 
Statistical Package for Social Sciences 18 
(SPSS). Variables were expressed as mean ± 
SD. Comparisons of variables were performed 
using unpaired Student t test. Bivariate associ-
ations of the variables were assessed using 
Pearson’s correlation coefficients. To find the 
parameters that explain the significance of the 
variance of the dependent variables, stepwise 
multivariate linear regression analysis was per-
formed to correlated parameters with CIMT and 
P value <0.05 was considered as indication of 
statistical significance.

Results

BMI, BSA, systolic and diastolic BP, serum AST, 
total cholesterol, triglyceride, LDL, glucose, 
insulin, MPV, Platelet, FT3 levels were signifi-
cantly higher and HDL levels lower in the NAFLD 
obese group compared with the controls. The 
control group showed lower HOMA-IR values 
than the obese group. The demographic char-
acteristics and the clinical features of the 
patients and healthy controls are listed in Table 
1.

The MPV was significantly higher in obese 
group (7.44-6.93 fl, P<0.01). And was positively 
correlated with age and BSA (r=0.263, P=0.034 
and r=0.261, P=0.035, respectively) and nega-
tively correlated with ALT, AST, FT4 and TSH (r=-
0.310, P=0.015), (r=-0.315, P=0.014), (r=-
0.264, P=0.033) and (r=-0.336, P=0.009) 
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respectively. The multiple stepwise regression 
analysis revealed no correlation between MPV 
and these parameters.

In obese children ESWSm, MFS, SV values were 
significantly higher than healthy group (P= 
0.000) whereas Ea and Ees(sb) were lower in 
obese group (P=0.000). LVM was higher in 
obese group (P=0.007). 

Also obese group with NAFLD exhibited signifi-
cantly higher CIMT values than the control 
group. CIMT showed positive correlation with 
age, BSA, systolic BP, diastolic BP, ESWSm, 
MFS, SV, insulin and negative correlation with 
Ea and Ees(sb) (Table 2). There was no correla-
tion between LVM, cardiac risk profiles and 
CIMT. Multivariate regression analyse was per-

formed to correlated parameters with CIMT. 
CIMT was chosen as dependent variable, age, 
BSA, systolic BP, diastolic BP, ESWSm, MFS, SV, 
insulin, Ea and Ees(sb) were independent vari-
ables in the regression analysis. ESWSm 
(β=0.337, P=0.049) was found as an only inde-
pendent factor on CIMT (Table 3). 

Discussion

The present study revealed that the obese chil-
dren with NAFLD had significantly higher MPV 
levels than healthy individuals. Coban et al. [17] 
showed that MPV levels of obese children were 
significantly higher than the controls and sug-
gested that the higher MPV levels leads to 
increased risk of atherosclerosis. Arslan et al. 
[18] found a significant relationship between 

Table 1. Clinical features of healthy controls and obese children

Variable
Obese children Healthy controls

P value
60 (M/F=27/33) 48 (M/F=21/27)

Age (years) 12.25 ± 3.14 10.8 ± 3.13 0.027*
Body mass index (kg/m2) 27.6 ± 3.95 17.6 ± 3.48 0.000**
Body surface area (m2) 1.66 ± 0.31 1.22 ± 0.31 0.000**
Systolic blood pressure (mmHg) 114.5 ± 11.25 102 ± 15.72 0.000**
Diastolic blood pressure (mmHg) 68.88 ± 7.85 63.77 ± 7.43 0.001**
Hemoglobin (gr/L) 13 ± 0.81 13.34 ± 1.01 0.079
White blood cell count (×103/mL) 8.14 ± 2.01 7.64 ± 2.07 0.23
Platelet (×103/mL) 293.52 ± 54.34 247.91 ± 55.42 0.000**
Mean platelet volume (fL) 7.44 ± 0.88 6.93 ± 0.87 0.003**
Glucose (mg/dL) 89.19 ± 7.19 88.45 ± 9.13 0.65
Alanine transaminase (IU/L) 21.36 ± 5.73 22.19 ± 5.51 0.47
Aspartate transaminase (IU/L) 20.05 ± 9.78 14.53 ± 6.91 0.002**
Free T3 (pg/ml) 3.74 ± 0.64 3.36 ± 0.49 0.002**
Free T4 (NG/DL) 1.19 ± 0.14 1.17 ± 0.13 0.362
Thyroid stimulating hormone (uIU/ml) 3.63 ± 3.23 2.81 ± 2.99 0.191
Triglyceride (mg/dL) 119.39 ± 53 84.88 ± 32 0.000**
Total chollesterol (mg/dL) 172.70 ± 38 152.49 ± 29 0.005**
High-density lipoprotein (mg/dL) 42.78 ± 6.55 46.44 ± 10.56 0.039*
Low-density lipoprotein (mg/dL) 103.82 ± 31.91 88.51 ± 24.58 0.008**
Insulin (uIU/mL) 13.13 ± 7.93 7.40 ± 5.54 0.000**
HOMA-IR 3.92 ± 1.85 1.45 ± 1.02 0.000**
Carotid intima-media thickness (mm) 0.541 ± 0.021 0.352 ± 0.012 0.000**
Left ventricular mass (g) 63.72 ± 16.80 56.49 ± 12.37 0.007**
Fiber stress (g/cm2) 279.231 ± 65.41 228.298 ± 55.46 0.000**
End-systolic wall stress (g/cm2) 213.26 ± 61.93 168.66 ± 52.52 0.000**
Arterial elastance (mmHg/ml) 1.62 ± 0.42 1.97 ± 0.46 0.000**
Ventricular elastance (mmHg/ml) 2.15 ± 0.78 2.79 ± 0.70 0.000**
Stroke volume (ml) 70.56 ± 19.17 52.79 ± 14.60 0.000**
*Statistically significant (P<0.05). **Statistically significant (P<0.01). HOMA-IR: homeostasis model assessment-IR.
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MPV and CIMT. We failed to demonstrate such 
relationship. Kilciler et al. [19] reported a posi-
tive relationship between MPV and carotid ath-
erosclerosis in adult patients with NAFLD but 
not any difference between NAFLD and control 
group regarding MPV and CIMT.

MPV is a strong indicator of atherosclerosis. In 
present study we showed that the obese chil-
dren with NAFLD demonstrate higher MPV val-
ues than control group. Ozhan et al. [20] sug-
gested that MPV value may be accepted as a 
prognostic criterion in NAFLD patients indicat-
ing a possible enhancement of risk of develop-
ing cardiovascular disease. They showed that 
the MPV values were positively correlated with 
ALT and AST levels and negatively correlated 
with platelet and creatinine levels. We also 
demonstrated that the MPV levels show nega-

factors for cardiovascular disease [23]. 
Nonsclerotic changes in arterial wall leads 
increase in CIMT. The association between 
increased CIMT and atherogenesis, hypercho-
lesterolemia in obese children and young adults 
is well established [24]. In the present study we 
showed that there was no significant correla-
tion between CIMT and hypercholesterolemia.

Our results agree with Iannuzzi et al. [25] who 
showed significantly increased CIMT in obesity. 
Previous studies showed that there was also a 
positive correlation between increased CIMT 
and triglyceride levels [26]. However there was 
no correlation between increased CIMT and tri-
glyceride level in our study. 

Sert et al. [27] showed that obese adolescents 
suffered from NAFLD and with increased CIMT 

Table 2. Pearson’s correlations between carotid intima-media 
thickness and clinical laboratory and echocardiography param-
eters in obese children

Variables
Carotid 

intima media 
thickness

Age
Body 

surface 
area

Age (year) .407** 1
Body surface area (m2) .475** .892** 1
Arterial elastance (mmHg/ml) -.335** -.440** -.523**
Ventricular elastance (mmHg/ml) -.371** -.534** -.562**
Sistolic BP (mmHg) .345** .389** .487**
Diastolic BP (mmHg) .288* .423** .401**
Stroke volume (ml) .396** .481** .610**
End-systolic wall stress (g/cm2) .419** .278* .413**
Fiber stress (g/cm2) .433** .300* .466**
White blood cell count (×103/mL) -.130 -.132 -.184
Hemoglobin (gr/L) -.142 .081 .102
Platelet (×103/mL) -.088 -.264 -.300
Mean platelet volume (fL) .178 .304* .265
Triglyceride (mg/dL) .060 .076 .121
Total chollesterol (mg/dL) -.121 -.234 -.362*
High-density lipoprotein (mg/dL) -.136 .044 -0.029
Low-density lipoprotein (mg/dL) -.113 -.242 -.347*
Alanine transaminase (IU/L) -.211 -.481** -.601**
Aspartate transaminase (IU/L) .059 -.084 -.137
Free T3 (pg/ml) -.050 -.396** -.343*
Free T4 (NG/DL) -.031 -.007 .029
Thyroid stimulating hormone (uIU/ml) -.066 -.112 -.234
Glucose (mg/dL) -.153 .004 -.145
Insulin (uIU/mL) .261* .292* .381**
**Correlation is significant at the .01 level (2-tailed). *Correlation is significant at 
the .05 level (2-tailed). 

tive correlation with ALT, AST, 
FT4 and TSH and positive cor-
relation with age and BSA.

NAFLD is the accumulation of 
excess fat in the liver without 
alcohol consumption and com-
monly coexists with the obesity. 
NAFLD is associated with 
increased risk of the athero-
sclerosis and the insulin resis-
tance. Some studies showed 
that there was a positive rela-
tion between NAFLD and the 
atherosclerosis in the pediatric 
population. Schwimmer et al. 
[21] reported that the preva-
lence of atherosclerosis was 
increased among individuals 
with NAFLD. They also demon-
strated that the obese children 
are at risk of developing athero-
sclerosis six times more than 
the children without fatty liver. 
Pacifico et al. [22] reported that 
the severity of NAFLD had been 
correlated with an increased 
degree of CIMT in obese 
children.

Ultrasonographic measurement 
of CIMT is a noninvasive, sensi-
tive and reproducible technique 
to identify and quantify the 
degree of subclinical vascular 
disease and evaluate the risk 
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had higher LVM. Although our study confirms 
that the LVM increases significantly among the 
obese children, there was no correlation 
between CIMT and LVM. This result raises the 
question of the effect of the duration of the 
obesity and the significant changes in CIMT and 
LVM. Also present study is evident that the 
obese children with NAFLD had increased CIMT 
and revealed positive correlation with age, BSA, 
Systolic BP, Diastolic BP, ESWSm, MFS, SV, 
insulin and negative correlation with Ea, Ees(sb) 
(Table 2). Multiple regression analysis model 
was performed in the NAFLD obese group and 
ESWSm was found as an independent factor on 
CIMT values (β=0.337, P=0.049) (Table 3).

In our series, systolic and diastolic blood pres-
sures were found significantly higher in obese 
children compared with those of control group. 
Arterial wall alterations in obese children could 
be explained by the effects of hypertension. 
Remodeling of arterial wall in the presence of 
hypertension is controversy [28]. Systolic BP 
elevation is associated with deteriorated arte-
rial compliance and leads to increase afterload 
of the heart. Elevated BP may coexist with 
increased CIMT and cardiac hypertrophy [29]. 
The present study revealed positive relation 
between CIMT and systolic BP (r=0.345, 
P=0.006). We suggest that the high systolic BP 
and increased CIMT may elevate the afterload 
and therefore causes increased ESWSm in 
obese children.

ESWSm has been used in the measurement of 
myocardial afterload, and as the counter force 

limiting left ventricular ejection [30]. Chamber 
geometry of cardiac structure has also an 
effect on both ventricular contractility and myo-
cardial performance and identified by measure-
ment of ESWSm and MFS. ESWSm seems to be 
related with chamber shape and mass/volume 
ratio and displays the forces opposing predomi-
nantly meridional and circumferential planes. 
ESWSm is an index of total forces per unit of 
myocardium. It may be helpful for estimation of 
true afterload. We observed high ESWSm and 
MFS values in obese individuals. These echo-
cardiographic measurements provide impor-
tant information about the myocardial 
mechanics.

MFS is known as an indicator for radial forces 
and when determining the myofiber afterload it 
is more decisive. It is shown that the wall stress 
is dependent on both chamber shape and 
mass/volume ratio; MFS is dependent on only 
the former, making it a more accurate index of 
afterload in the setting of ventricular hypertro-
phy or severe dilatation [31]. We showed that 
the MFS and ESWSm levels were significantly 
higher in obese children.

Ees(sb) is a major determinant of cardiac systolic 
function and ventricular-arterial interaction. Ea 
reflects afterload and sensitive to any kind of 
afterload changes such as BP. We demonstrat-
ed that Ea and Ees(sb) were lower and CIMT was 
negatively correlated with Ea and Ees(sb) in 
obese children. These findings are compatible 
with the risk of increased arterial and ventricu-

Table 3. Analysis of the factors affecting CIMT by stepwise multiple linear regression

Independent 
variables

Unstandardized 
Coefficients

Standardized 
Coefficients t Sig.

95.0% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound
(Constant) .693 .299 2.319 .025 .090 1.296
Age .005 .015 .106 .327 .745 -.025 .034
BSA .017 .158 .039 .106 .916 -.302 .335
Sist BP .002 .003 .162 .660 .513 -.004 .009
Diast BP .001 .003 .072 .390 .699 -.005 .007
ESWSm .001 .000 .337 2.028 .049* .000 .001
MFS .001 .000 .321 1.002 .219 .000 .001
SV -.002 .003 -.284 -.650 .519 -.008 .004
Ea -.128 .147 -.400 -.874 .387 -.424 .168
Ee(sb) .007 .043 .040 .162 .872 -.080 .094
Insulin .004 .003 .215 1.374 .177 -.002 .010
Dependent Variable: CIMT (carotid intima media thickness). R2: .342. Adjusted R2: .200. *Correlation is significant at the .05 
level (2-tailed). BSA: Body surface area, Sist BP: systolic blood pressure, Diast BP: Diastolic blood pressure, ESWSm: meridi-
onal end-systolic wall stress, MFS: Myocardial fiber stress, SV: stroke volume, Ea: arterial elastance, Ees(sb): left ventricle end-
systolic elastance by single beat technique, CIMT: carotid intima media thickness.
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lar stiffness and decreased arterial elasticity in 
obese children. Previous studies showed that, 
risk factors such as high LDL-cholesterol, ele-
vated BP and obesity have been associated 
with decreased arterial elasticity [32]. Koopman 
et al. [33] showed that CIMT and Ea/Eesb were 
higher in obese children than controls. They 
suggested that the changes in vascular param-
eters were correlated with the changes in longi-
tudinal myocardial deformation parameters. 
We previously reported that the Ea and Ees(sb) 
show powerful negative correlation with BSA of 
normal children [15].

An excess of adipose tissue augments cardiac 
output (CO), SV and left ventricular filling pres-
sure, expands intravascular volume, and lowers 
total peripheral resistance [34]. In current 
study SV was higher in obese subjects. Stelfox 
et al. [35] revealed that BMI was positively cor-
related with CO and SV and they suggested that 
each 1 kg/m2 increase in BMI was associated 
with 1.35 mL increase in SV. 

Our results showed significant correlation 
between CIMT and ESWSm. In the literature, 
such a relationship in obese children is not pre-
viously detected so we think that this is the first 
report. We suggest that the echocardiographic 
assessment of ESWSm along with CIMT, Ea and 
Ees(sb) measurements may be accepted as an 
indicator of LV performance and/or dysfunction 
and vascular elasticity among obese children 
with NAFLD. 

Conclusion

The current study demonstrates that the obe-
sity had an impact on MPV, CIMT and increased 
ESWSm values and decreased arterial and ven-
tricular elastance. In addition to these findings 
CIMT values were positively correlated with 
ESWSm which reflects afterload in obese 
children.
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