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Assessment of atherosclerosis in obese adolescents:
Positive correlation of mean platelet volume and carotid
intima media thickness
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Aims: This study aims to assess the correlation of mean platelet volume (MPV) and common carotid artery (CCA) thickness in a population of
obese adolescents.

Methods: Sixty-eight patients and 23 controls were enrolled. Anthropometric measurements, triglyceride, total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, alanine aminotransferase, aspartate aminotransferase, y-glutamyl transpeptidase,
hemoglobin, white blood cell count, platelet count, MPV and insulin resistance by homeostasis model of assessment of insulin resistance were
investigated. Furthermore, CCA thickness was measured by high-resolution ultrasound.

Results: MPV and the left CCA thickness were significantly higher in obese adolescents than the healthy controls. The association between
MPV and left CCA was checked by linear regression analysis. MPV explained 19% of the variation in left CCA (P < 0.001). At multiple regression
analysis, MPV maintained a positive association with the left CCA thickness (P = 0.002) independently of fatty liver grade, relative weight, total
cholesterol and homeostasis model of assessment of insulin resistance.

Conclusion: MPV is significantly correlated with CCA thickness in obese adolescents.
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What is already known on this topic

1 Carotid intima media thickness (IMT) is a widely used non-
invasive marker to assess atherosclerosis.

2 Regarding large platelets are haemostatically more active, mean
platelet volume (MPV) may be used as a marker of platelet acti-
vation, which is an important step in early atherosclerosis.

3 Obesity in childhood and adolescence has been shown to be
related to increased IMT in many studies.

Obesity is a widespread medical problem affecting children and
adolescents in many countries around the world.'”> Obesity
means an excess fat deposition in the body. Non-alcoholic fatty
liver disease (NAFLD) describes a condition caused by a build-up
of fat within liver cells in the absence of alcohol consumption,
which is linked to being obese or overweight in many cases.*®
NAFLD is also associated with increased risk of atherosclerosis
and consequent cardiovascular disease’!!
risk of insulin resistance (IR) and type 2 diabetes mellitus.
Therefore, the increasing prevalence of obesity among children
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What this paper adds

1 MPV is significantly correlated with common carotid artery
thickness independently of fatty liver grade, relative weight,
total cholesterol and homeostasis model assessment-insulin
resistance.

2 Thus, MPV may be used as a possible indicator of subclinical
atherosclerosis.

3 MPV may, in part, help to determine atherosclerosis risk in
patients with non-alcoholic fatty liver disease.

and adolescents represents an important health problem.
Atherosclerosis, beginning in childhood, may be predictive
of coronary artery disease in adulthood.'>!'¢ Therefore, early
diagnosis of atherosclerosis is essential to prevent its future
complications.

During atherogenesis, platelet activation and aggregation
along with migration of smooth muscle cells from the media to
endothelium and consequent proliferation are the early events.
Previous studies showed that platelet size is correlated with
platelet function and activation, and large platelets are hemo-
statically more active.'”'® Therefore, mean platelet volume
(MPV) may be used as a marker of platelet activation, which
may also reflect atherosclerosis.'”*® Similarly, carotid artery
intima media thickness (IMT) is a widely used non-invasive
marker to assess atherosclerosis in researches.?' Obesity in child-
hood and adolescence has been shown to be related to increased
IMT in many studies.’”''*>->* Besides, we recently showed that
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the mean MPV values were higher in obese adolescents, par-
ticularly in patients with NAFLD, than their healthy peers.?” The
aim of this study was to evaluate whether MPV is a reliable
reflector of atherosclerosis such as carotid artery IMT in an
obese adolescent population.

Patients and Methods

Patients aged 11-18 years who were diagnosed as exogenous
obesity in the Pediatric Gastroenterology Department of Dokuz
Eylil University Hospital (Izmir, Turkey) were enrolled in this
case control study. Ethics approval and informed consent of the
parents and patients were obtained before entering the study.
The body mass index (BMI) of all children was calculated as
weight divided by height squared (kg/m?). Obesity was defined
as a BMI exceeding 95th percentile.?*?” In addition, relative
weight for height was calculated for each child.

A total of 68 exogenous obese patients (29 male and 39
female, mean age 13.8 = 1.5 years) were enrolled in the study.
The patients who had diabetes mellitus, Cushing syndrome,
growth hormone deficiency, hypertension, familial hypercho-
lesterolaemia, chronic liver disease and used corticosteroids
were not included. The study population was divided into three
groups: patients without hepatosteatosis (group 1), patients
with grade 1 hepatosteatosis (group 2) and patients with grade
2 or 3 hepatosteatosis (group 3). Diagnosis of NAFLD was made
by the paediatric gastroenterologist based on increased echo-
genicity via ultrasound compatible with fatty infiltration of the
liver with or without elevated alanine aminotransferase (ALT)
levels. NAFLD grading by ultrasound was done by the same
radiologist (A.T.S.) as follows:**?° Grade 1 (mild): a slight diffuse
increase in the hepatic parenchymal echogenity along with
normal visualisation at intrahepatic vessel borders and dia-
phragm; Grade 2 (moderate): a moderately diffuse increase in the
hepatic parenchymal echogenity along with a slightly impaired
visualisation of the intrahepatic vessel borders and diaphragm;
and Grade 3 (severe): a severe increase in the hepatic parenchy-
mal echogenity along with poor or no visualisation of intrahe-
patic vessel borders, diaphragm and posterior portion of the
right lobe.

After a 12-h fasting, the blood samples of the patients were
drawn for the following parameters: glucose, insulin, triglycer-
ide, total cholesterol, high-density lipoprotein (HDL) choles-
terol, low-density lipoprotein (LDL) cholesterol, ALT, aspartate
aminotransferase (AST), y-glutamyl transpeptidase, haemo-
globin, white blood cell count (WBC), platelet count (PLT) and
MPV. The estimate of IR was calculated by a homeostasis model
assessment-IR  (HOMA-IR) index (fasting insulin x fasting
glucose/22.5), as described by Matthews et al.’® A cut-off HOMA
level of >4.0 in adolescents was used to identify an insulin-
resistance status. Hepatitis A, B, C viruses, Epstein Barr virus
and TORCH serologies, serum copper and ceruloplasmin levels,
serum o-1-antitrypsin and autoantibodies against nuclear,
smooth muscle, liver and kidney microsomal type-1 antigens
were screened to eliminate infectious, metabolic and immuno-
logical liver pathologies in patients with elevated ALT levels.

Twenty-three age- and sex-matched healthy children consti-
tuted the control group (12 male and 11 female, mean age 14.5
*+ 1.5 years, group 4). BMI and relative weight of children in the
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control group were in normal ranges. Complete blood count
analyses were performed for healthy children.

Platelet measurements in blood samples with K3-
ethylenediaminetetraacetic acid were analysed in an automated
haematology analysis system (LH-780, Beckman Coulter, Brea,
CA, USA) with the impedance method (intra-assay variation
coefficient 1.6%, interassay variation coefficient 1.65%).
Double-standard quality control was performed every day.

The same experienced radiologist (A.K.) performed the
carotid artery ultrasound studies by the same ultrasonographer
(ATL 5000, Philips Medical Systems, Bothell, WA, USA) with a
linear wideband 5-12 mHz transducer, according to the recom-
mendations of the American Society of Echocardiography
Carotid Intima-Media Thickness Task Force.*! During the ultra-
sound examination, patients were kept in the supine position,
the head slightly extended and kept rotated to the opposite side.
Left common carotid artery (CCA) was scanned by two longi-
tudinal views: posterolateral, with the transducer positioned
parallel to the posterior border of the sternocleidomastoid
muscle, and anterolateral, with the transducer positioned par-
allel to the anterior border of the sternocleidomastoid muscle.
Measurement points were obtained in the far wall of the vessel.
Optimal B-mode settings of gain, depth, focal zone placement
and compression were individually adjusted for left CCA to
enhance arterial wall structures and image quality. Each image
was recorded on a digital system and was analysed manually by
the other radiologist blinded to the clinical data (H.C.). The
mean of these measurements were used. Distal wall measure-
ments were performed because of poor proximal imaging
quality.

Statistics

Data were evaluated using the Statistical Package for Social
Sciences (SPSS) 11.0 program for Windows (SPSS Inc., Chicago,
IL, USA). Data were expressed as mean * standard deviation and
median when appropriate. Kruskal-Wallis test was used for
comparing the four groups. As a post hoc test, the Mann—
Whitney U-test was used. P < 0.05 was considered statistically
significant. Pearson correlation coefficients were computed
between left CCA and all other parameters. A correlation coeffi-
cient indicated low correlation at 0.10-0.29, medium correlation
at 0.30-0.49 and high correlation at =0.50. Multiple stepwise
linear regression analysis with enter method was used to explore
independent association between left CCA and MPV. Relative
weight, total cholesterol, HOMA-IR and fatty liver severity were
included in the final model as potential confounders.

Results

Among 68 obese patients, 24 had no hepatosteatosis (group 1),
24 had grade 1 hepatosteatosis (group 2) and 20 had grade 2 or
3 hepatosteatosis (group 3). MPV was significantly higher in
obese patients than healthy adolescents. Besides, there was a
significant difference between group 1 and group 3 regarding
the MPV (Table 1). The mean haemoglobin, WBC and PLT were
comparable in three obese groups (Table 1). However, the mean
WBC level was higher in patients with grade 2 or 3 hepatost-
eatosis (group 3) than healthy controls (Table 1).
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Table 1 Comparison of clinical and laboratory parameters between patients without hepatosteatosis (group 1), patients with grade 1 hepatosteatosis
(group 2), patients with grade 2 or 3 hepatosteatosis (group 3) and the control group (group 4)

Group 1 (n=24) Group 2 (n =24) Group 3 (n=20) Group 4 (n=23) Group comparisons (P-value)*
Age (years) 13.5 (12-16) 14.2 (11-16) 14 (11-16) 14.5 (11.5-17) 1-2 (0.201), 1-3 (0.729), 1-4 (0.629)
2-3 (0.440), 2—4 (0.346), 3—-4 (0.123)
Weight (kg) 70.0 (55-109) 81.5 (64-107) 83.9 (58-105) 49.8 (39-80) 1-2 (0.003), 1-3 (0.010), 1-4 (0.000)
2-3 (0.494), 2-4 (0.000), 3-4 (0.000)
Relative weight (%) 139.5 (123-193) 145 (129-202) 167 (127-198) 99 (90-113) 1-2 (0.108), 1-3 (0.004), 1-4 (0.000)
2-3(0.101), 2-4 (0.000), 3—4 (0.000)
Hb (gr/L) 13 (11.6-14.3) 13.5 (11.9-15.3) 13 (10.2-15.8) 13 (11-15.2) 1-2 (0.173), 1-3 (0.841), 1-4 (0.594)
2-3 (0.357), 2-4 (0.079), 3-4 (0.542)
WBC (x10%/uL) 7.2 (4.1-10) 7.4 (5.1-11.6) 8.4 (4.3-11.5) 6.7 (4.9-10.9) 1-2 (757), 1-3 (0.075), 1-4 (0.573)
2-3 (0.137), 2—4 (0.338), 3—4 (0.018)
PLT (x10%/uL) 300 (206-392) 317 (150-391) 304 (169—386) 289 (194-417) 1-2 (0.789), 1-3 (0.795), 1-4 (0.401)
2-3 (0.706), 2—4 (0.406), 3—-4 (0.551)
MPV (fL) 8.3 (7.4-9.9) 8.3 (7.3-10.3) 8.9 (7.7-10.1) 7.7 (5.7-8.7) 1-2 (0.695), 1-3 (0.025), 1-4 (0.000)
2-3 (0.125), 2—4 (0.000), 3—4 (0.000)
Glucose (mg/dL) 90 (71-109) 88 (72-112) 89 (74-105) 85 (81-98) 1-2 (0.828), 1-3 (0.777), 1-4 (0.238)
2-3 (0.813), 2—4 (0.233), 3-4 (0.177)
ALT (U/L) 15 (6-34) 19 (8-35) 24 (12-84) 18 (8-23) 1-2 (0.037), 1-3 (0.000), 1-4 (0.200)
2-3(0.011), 2—-4 (0.138), 3—4 (0.000)
Triglyceride (mg/dL) 99.5 (48-246) 90 (63-271) 129.6 (56—209) 74 (45-124) 1-2 (0.635), 1-3 (0.472), 1-4 (0.041)
2-3 (0.207), 2-4 (0.050), 3—4 (0.004)
Total cholesterol (mg/dL) 173 (122-257) 162 (112-258) 159 (133-274) 136 (123-182) 1-2 (0.177), 1-3 (0.305), 1-4 (0.010)
2-3 (0.207), 2—4 (0.075), 3-4 (0.033)
HDL cholesterol (mg/dL) ~ 51.5 (23-68) 48.5 (24-63) 43 (34-74) 49.5 (42-68) 1-2 (0.509), 1-3 (0.019), 1-4 (0.583)
2-3 (0.125), 2-4 (0.316), 3—4 (0.006)
LDL cholesterol (mg/dL) 102 (52-158) 91.5 (54-159) 92.5 (62-188) 75 (55-109) 1-2 (0.312), 1-3 (0.563), 1-4 (0.100)
2-3 (0.750), 2—4 (0.226), 34 (0.113)
Insulin (ulU/mL) 12.7 (6.4-48.9) 15 (7.9-80) 22.4 (9-51) 7.8 (4.4-13) 1-2 (0.216), 1-3 (0.001), 1-4 (0.009)
2-3 (0.015), 2—4 (0.000), 3—4 (0.000)
HOMA-IR 2.9 (1.3-12.9) 3.2 (1.9-22) 4.9 (2-11.3) 1.7 (0.97-2.9) 1-2(0.177), 1-3 (0.002), 1-4 (0.006)

Left CCA (mm)

2-3(0.033), 2-4 (0.000), 3—-4 (0.000)

0.400 (0.259-0.561) 0.430 (0.332-0.558) 0.439 (0.287-0.631) 0.324 (0.259-0.443) 1-2 (0.137), 1-3 (0.083), 1-4 (0.009)

2-3(0.612), 2-4 (0.000), 34 (0.000)

Values are given as median (range), *P < 0.05 is significant and represented in bold characters; **y? test (P-value between the all groups). ALT, alanine
aminotransferase; CCA, common carotid artery; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment-insulin resistance; LDL, low-
density lipoprotein; MPV, mean platelet volume; PLT, platelet count; WBC, white blood cell count.

The mean ALT level was significantly higher in group 3 than
in groups 1 and 2 (P = 0.000 and P = 0.011, respectively)
(Table 1). Triglyceride, total cholesterol and LDL cholesterol
levels were not significantly different among three obese groups
(Table 1). HDL cholesterol was significantly lower in group 3
than group 1. Fasting blood glucose was similar in patient
groups. Besides, HOMA-IR was significantly higher in group 3
than in group 1 and group 2 (P = 0.002 and P = 0.033, respec-
tively) (Table 1).

The left CCA thickness was significantly higher in obese ado-
lescents than the healthy controls; however, there was not a
significant difference between three obese groups regarding the
left CCA thickness (Table 1).

There was a positive correlation between left CCA thickness
and MPV (r = 0.439, P = 0.000) (Table 2, Fig. 1). Besides, left
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CCA thickness was positively correlated with relative weight
and ALT level (r = 0.358 and r = 0.249, respectively) (Table 2).
Also, MPV was positively correlated with relative weight,
insulin, HOMA-IR, ALT and triglyceride levels (r = 0.483, r =
0.422,r=0.410, r=0.278 and r = 0.262, respectively) (Table 2).
Furthermore, MPV was inversely correlated with HDL choles-
terol and PLT (r = —0.245, r = —0.276, respectively) (Table 2).

The association between MPV and left CCA was checked
using linear regression analysis. MPV explained 19% of the
variation in left CCA (Beta = 0,041, SE: 0.009 P < 0.001).

When other potential confounders were included in the mul-
tiple regression analysis, MPV maintained a positive association
with the left CCA thickness (Beta =0.037, SE: 0.012, P=0.002)
independently of fatty liver grade, relative weight, total choles-
terol and HOMA-IR.
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Table 2 Correlation between laboratory parameters in obese adolescent
W/H WBC PLT MPV Glu Ins HOMA ALT Tri HDL LDL
WBC 0.177
PLT 0.142 0.310**
MPV 0.483** 0.070 —0.276**
Glu 0.185 0.070 0.083 0.110
Ins 0.410** 0.341** 0.104 0.422** 0.347**
HOMA 0.392%* 0.328** 0.119 0.410%* 0.463** 0.981**
ALT 0.250* 0.285** 0.074 0.278** —-0.056 0.222* 0.168
Tri 0.137 0.180 0.247* 0.262* 0.019 0.059 0.049 0.238*
HDL -0.201 -0.031 —0.064 —0.245* -0.184 -0.194 —-0.209 -0.119 —0.395**
LDL 0.287~* 0.209 0.159 0.186 0.053 0.112 0.082 0.211 0.401** —0.085
Left CCA 0.358** 0.072 -0.103 0.439** 0.144 0.151 0.173 0.249* 0.192 -0.187 0.035

*Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01 level. ALT, alanine aminotransferase; CCA, common carotid artery; HDL,
high-density lipoprotein; HOMA, homeostasis model assessment; LDL, low-density lipoprotein; MPV, mean platelet volume; PLT, platelet count; WBC, white

blood cell count.
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Discussion

The findings of present study indicate that MPV may be associ-
ated with carotid atherosclerosis in adolescent patients with
obesity. To the best of our knowledge, this is the first study
investigating the correlation of CCA thickness and MPV in obese
adolescents.

We found a significant relation between MPV and increased
carotid IMT, which strongly suggest an important role of sys-
temic platelet activation in the course of the carotid wall
disease and in progression of atherosclerosis. Indeed, earlier
studies demonstrated that larger platelets are more reactive
than the smaller platelets.'® This remains true when platelet
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Linear Regression

Fig. 1 Scatter plot of left CCA and MPV. CCA,
common carotid artery; MPV, mean platelet
volume.

aggregability is referred to platelet volume. One potential
explanation is that large platelets produce larger amounts of
tromboxane A2.'7 Besides, previous studies demonstrated a
role for platelets in carotid atherosclerosis and showed that
P-Selectin stored in their secretory granules was crucial for the
growth of atherosclerosis plaque and that the degree of plaque
maturation, including the presence of smooth muscle cells and
calcification, was dependent on the endothelial as well as the
platelet P-Selectin as a product of the platelet activation.’?
Given this relationship, it is rational that high MPV is associ-
ated with increased CCA thickness, as platelet aggregability is
known to be an important factor in the etiopathogenesis of
atherosclerosis.
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There are some studies about the MPV levels in obesity in the
literature.”®* Coban eral.*® demonstrated that MPV levels of
obese patients were significantly higher than the healthy sub-
jects. These authors suggested that higher MPV levels in obese
individuals might be a possible cause for increased risk of
atherosclerosis. Same authors also showed in another study that
MPV levels significantly decreased after diet and consequent
weight loss in obese patients.**

Several studies showed that patients with NAFLD had
increased subclinical atherosclerosis compared with non-
steatotic patients.”!" In these studies, carotid IMT was used to
determine atherosclerosis. MPV, which is a parameter generated
by full blood count analysers as part of the routine complete
blood count test cycle, has recently become an interesting topic
in cardiovascular researches.?**>® The use of this parameter
adds no extra cost and technical effort. Regarding that cardio-
vascular disease is one of the most common causes of morbidity
and mortality in NAFLD patients,® MPV may, in part, help to
determine atherosclerosis risk in this group of patients.

To date, controversial results have been reported about the
relationship between carotid IMT and MPV in previous studies.
Recently, Kilciler et al.*® reported a study investigating the rela-
tionship between MPV and carotid atherosclerosis in adult
patients with NAFLD. They compared 60 biopsy-proven NAFLD
patients with 54 healthy subjects. In contrast to our study, they
could not show any difference between two groups regarding
MPV and CCA thickness. They concluded that MPV might not
be involved in the mechanism of increased cardiovascular risk in
NAFLD in the absence of other metabolic risk factors such as
hypertension, diabetes and obesity. Our study population con-
sisted of obese patients, and we found a positive correlation
between relative weight and left CCA thickness as well as MPV.
We suggest that obesity might have contributed to altered MPV
and CCA thickness in our study.

Another study investigating the relationship between MPV
and carotid atherosclerosis was reported by Yarlioglues et al.*!
They enrolled 80 newly diagnosed adult hypertensive patients
and investigated the subclinical target organ damages such as
proteinuria, left ventricular hypertrophy and carotid atheroscle-
rosis. They assessed 24-h blood pressure monitoring, left ven-
tricular mass index, carotid IMT and urine albumin/creatinine
ratio in the patient population. They found a positive correlation
between MPV and carotid IMT as well as left ventricular hyper-
trophy and renal damage.

Obesity creates a low-grade systemic inflammation.*? In
genetically susceptible individuals, excessive fat consumption
leads to the derangement of adipose tissue architecture and
homeostasis, the peripheral and hepatic resistance to insulin-
stimulated glucose uptake, thus favouring a condition of
chronic low-grade inflammation. Excessive fat cannot be
stored in the adipose tissue and stored elsewhere, particularly
to the muscle and liver.* The pathogeneses of both NAFLD and
atherosclerosis include subclinical inflammation. The signifi-
cantly higher WBC level of patients with grade 2 or 3 hepato-
steatosis (group 3) according to the healthy controls supports
the inflammatory state of this disease. Systemic inflammation
may also drive MPV changes.**** Obesity accompanied by
chronic inlammatory state might also have contributed to the
MPV levels in our study.

Journal of Paediatrics and Child Health 49 (2013) 963-968
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The results of the present study are in concordance with our
previous study about MPV levels in obese adolescents with
NAFLD.* This study also showed that MPV was significantly
higher in obese adolescents than their healthy peers; besides,
MPV was higher in patients with NAFLD than patients without
NAFLD. We further showed the positive correlation of CCA
thickness with MPV in this study, which we believe enhancing
the reliability of MPV in pointing out atherosclerosis. Detection
of CCA thickness is more expensive and needs physical and
technical effort. MPV is an easy method to study and requires no
extra skills. However, this is only a cross-sectional study, thus
our results cannot indicate that MPV can replace ultrasonogra-
phy in detecting atherosclerosis. In conclusion, we suggest that
possible prognostic role of MPV in cardiovascular disease in
children needs to be elicited by longitudinal studies including
larger number of patients.
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