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Abstract. Dyslipidemia in childhood predicts the development of atherosclerosis in young
adults. The aim of this study is to investigate the relation of apoB/apoA-I ratio with different
cardiovascular risk factors, in obese children. A total of 41 overweight obese children and 30 healthy
children were enrolled. Correlations between apoB/apoA-I ratio with different cardiovascular risk
factors: C reactive protein (CRP), blood pressure, dyslipidemia markers, gamma-glutamy] transferase
activity were calculated. Ultrasounds were used for carotid intima-media thickness (IMT) and fatty
liver estimation. All the studied parameters were higher in obese children versus normal subjects.
ApoB/apoA-I ratio was correlated (p < 0.05) with y-GT activity (» = 0.35), IMT (»= 0.38), CRP (= 0.59),
alanine aminotransferase activity (» = 0.37), waist circumference (» = 0.44) and diastolic blood
pressure (r = 0.33), while apoA-I was inversely related to triglycerides (» = —0.44), CRP (r = —0.39)
and waist circumference (» = —0.42). HDL-C was positively correlated with apoA-I (» = 0.82) and
negatively with apoB/apoA-I (r = —0.65), while LDL-C was positively correlated with apoB (r = 0.79).
The apoB/apo A-I ratio is higher in obese children than in normal children. The ratio is correlated
with increased values of other cardiovascular risk factors and fatty liver markers.

Key words: obesity, children, apoB/apoA-I ratio, atherosclerosis, intima-media thickness,
cardiovascular risk factors.

INTRODUCTION

Obesity itself appears to augment the incidence of cardiovascular events
because it is associated with major risk factors for atherosclerosis including:
hyperlipidemia, diabetes mellitus, hypertension, and metabolic syndrome [6, 11].

In order to evaluate the lipid-related risk factors for cardiovascular disease,
high blood total cholesterol (TC), high triglycerides (TG), high low-density
lipoprotein cholesterol (LDL-C) or low levels of high-density lipoprotein
cholesterol (HDL-C) should be considered [10].
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The major lipoproteins have a variety of apoproteins associated with them,
and these proteins have one or more functions. Each molecule of very low-density
lipoprotein (VLDL), produced in the liver, contains only one molecule of apoB-
100, and this apoprotein remains in the structure of lipoproteins during the
transformation of VLDL to IDL and next to LDL [7]. ApoB is also a major
component of Lipoprotein(a), (Lp(a)) that consists of an LDL molecule whose
apoB-100 component is covalently bound by a disulfide bridge with apo(a), a
glycoprotein homologous to plasminogen. The Lp(a) is an acute phase protein that
can increase substantially after acute trauma or infection. ApoB-100 is formed in
the liver and as it was mentioned, it is found in all potentially atherogenic
lipoproteins (VLDL, VLDL remnants, IDL, Lp(a) and LDL)[15]. Hence, plasma
concentration of apoB reflects the number of atherogenic particles [30] and its high
value is associated with increased risk for cardiovascular diseases.

Apoprotein A-I (apoA-I) constitutes about 70% of the apolipoproteins of
HDL and acts as the major antiatherogenic protein in the HDL particles. Plasma
apoA-1 value is an alternative to HDL-C measurement in the blood [1].

More publications support the new concept that apoB and especially the
apoB/apoA-l ratio may be superior to LDL concentration as predictors of
cardiovascular disease risk [25, 27, 32]. Some data suggest that the apoB/apoA-I
ratio reflects the balance of proatherogenic and antiatherogenic lipoproteins [28]
and can be used as a target for lipid-lowering therapy [25].

Childhood levels of apoB/apoA-I ratio predict carotid artery intima-media
thickness (IMT) and endothelial function in adulthood [14]. In middle-aged adults,
apoB/apoA-I ratio is related to IMT wvalue [22, 30] and is a strong predictor of
coronary events [19, 29]. Thus, apoB/apoA-I ratio may be the best single
lipoprotein variable related to coronary risk [19, 28].

The aim of this prospective study is to investigate the relation of apoB/apoA-I
ratio with IMT and other cardiovascular risk factors, in obese children.

SUBJECTS AND METHODS

A total of 41 overweight children (22 boys and 19 girls) with a mean age of
13.32 + 4.6 years and 30 healthy children and adolescents (16 boys and 14 girls)
with normal weight were enrolled. Subjects were recruited from S.C. CABINET
DANAMED S.R.L. Children under medications or those with chronic disease
(endocrine disease, hereditary disease, or systemic inflammation) were excluded.
All subjects were nonsmokers.

The study protocol was approved by the Ethical Commission of “Carol
Davila” University of Medicine, Bucharest and a written informed consent was
obtained from each parent.
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CLINICAL CHARACTERISTICS

Anthropometric measurements: body mass index (BMI), waist/hip ratio
(WHR), waist circumference (WC), hip circumference (HC) were assessed. BMI
was calculated as body weight (kg) divided by square height (m”). Overweight is
defined as a BMI at or above the 85th percentile and under the 95th percentile.
Obesity is defined as a BMI at or above the 95th percentile for children of the same
age and gender [17]. Obese group was formed by overweight and obese children.
Waist circumference (WC) was measured at the midway between the lower rib and
the iliac crest and hip circumference was measured at the widest part at the gluteal
region. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were
measured twice at the right arm after a 10-minute rest, in the supine position using
an automated sphygmomanometer.

BIOCHEMICAL MEASUREMENTS

Blood samples were taken after an overnight fast. Metabolic markers: fasting
serum glucose, serum lipids (total cholesterol, HDL-cholesterol, triglycerides),
serum creatinine, urea, uric acid and enzymes activities for alanine
aminotransferase (ALT) and for y—Glutamyl transferase (y-GT) were performed by
standard methods using an automatic analyzer HITACHI and kits from Diasys
(Germany). LDL-cholesterol was calculated according to the Friedewald equation [8].

Enzymes activities for alanine aminotransferase (ALT) and for y-Glutamyl
transferase (y-GT) were performed by standard methods using an automatic
analyzer HITACHI and kits from Diasys (Germany). C peptide was measured by
using Human C-Peptide ELISA Kit (Diametra Italy). The ALT activity and liver
ultrasounds were evaluated as indicators of fatty liver due to obesity.

ULTRASOUND MEASUREMENTS

Carotid intima media thickness (IMT) was measured by B-mode ultrasound
using a 10 MHz linear transducer (echograph Chison 600 M). IMT was measured
at the common carotid artery near the bifurcation, during end diastole. At least
three measurements were taken approximately 10 mm proximal to the bifurcation
and the mean value was used for statistical purposes [14].

STATISTICAL ANALYSIS

The source of variation between the control group and the obese subjects was
assessed by the unpaired Student t-test. The associations of variables were
examined by Pearson correlation.
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RESULTS

The clinical characteristics and routine biochemistry of the healthy children
and adolescents with normal weight and overweight children of school age are
shown in Table 1. No differences in age and gender were noticed between the
control and the obese groups. Higher values for anthropometric parameters
(weight, BMI, WC, HC, WHR), for plasma triglycerides, uric acid, apoB,
apoB/apoA ratio, total cholesterol, LDL-cholesterol, blood pressure, creatinine and

ALT activity were measured in overweight children versus lean children.

Table 1
Clinical characteristics and biochemical important determinations in the studied groups
Comlgrow | Oz [Ohee s
[Age (1018 years) 14.03+2.09 13.32+4.6 Ns
Sex (F/M) 14/16 19/22 Ns
[Weight (kg) 44.82 +6.14 73.55+19.7 <0.001
Height (m) 1.62+ 0.07 1.52+0.18 Ns
BMI (kg/m®) 18.81+1.7 302+24 <0.001
WC (cm) 67.4+6.6 91.75+9.2 <0.001
HC (cm) 83.46+7.1 99.26 +£15.22 <0.001
WHR 0.8 +0.07 0.92 +£0.05 <0.001
Uric Acid (mg/dL) 448 +0.5 58+14 <0.04
~-GT (Ul/liter) 1338+ 1.3 16.48 +5.0 <0.05
Glycemia (mg/dL) 852+34 86.25+ 7.5 Ns
Total cholesterol (mg/dL) 134.46+ 16,3 177.25+ 34.37 <0.01
[HDL-C (mg/dL) 50.55+12.7 53.449.7 Ns
L.DL-C (mg/dL) 81.1+ 6.8 104.23+£21.7 <0.03
ALT (Ul/liter) 13.13+0.24 18.84+7.57 <0.01
Triglycerides (mg/dL) 68.4+28.7 108.8+54.3 <0.001
ISBP (mmHg) 97.3+52 110.97 + 7.08 <0.001
IDBP (mmHg) 59.25+2.6 72.58 £ 6.17 <0.001
/M T(mm) 0.41 +£0.03 0.506 £ 0.06 <0.01
Albumin (g/dL) 4.16+0.35 3.93+0.31 Ns
[Albumin/globulin ratio 1.47+£0.19 1.26+0.15 <0.006
Creatinine (mg/dL) 0.87+0.15 0.75+0.16 <0.03
Bilirubin (mg/dL) 0.55+0.29 0.5+0.31 Ns
apoA (g/liter) 1.18+0.05 1.34+0.26 <0.03
apoB (g/liter) 0.52+0.03 0.74+0.15 <0.001
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Table 1 (continued)

apoB/apoA 0.43+0.04 0.58+0.2 <0.01
Fibrinogen (g/liter) 3.23+£0.12 3.28+0.16 Ns
CRP mg/dL 0.95+0.5 2.3+2.10 Ns
C peptide ng/mL 1.15+0.7 1.92+1.23 <0.01

Data are expressed as means + SD. BMI = body mass index; WC = waist circumference; HC=hip
circumference; WHR = waist to hip ratio; ALT = alanine aminotransferase; y—Glutamyl transferase
(7-GT); HDL-C = high-density lipoprotein-cholesterol; LDL-C = low-density lipoprotein-cholesterol;
TG-triglycerides; SBP = systolic blood pressure; DBP = diastolic blood pressure; /MT = carotid artery
intima-media thickness; CRP = C reactive protein.

In order to determine the association of dyslipidemia with other
cardiovascular risk factors, we performed correlations between apoB/apoA-I ratio
with different markers. In our obese group, univariate analysis showed statistically
significant (p < 0.05) positive correlations of apoB/apoA-I ratio with: ALT (r = 0.37),
v-GT(r = 0.35), IMT (r = 0.38), CRP (r = 0.59), WC (r = 0.45), HC (r = 0.42),
weight ( = 0.45) and a negative correlation with HDL-C (» = —0.65).

Positive correlations were observed between apoB and: total cholesterol (= 0.79),
LDL-C (r = 0.80), ALT (r = 0.55), IMT (r = 0.45), glycemia (» = 0.43), albumin
(r=0.34), a-1 globulins (» = 0.39), a-2 globulins (» = 0.37) and B-globulins (» = 0.47).

Negative correlations were observed between apoA with: apoB/apoA-I ratio
(r =-0.66), CRP (r =-0.39), WC (r =-0.43), HC (»r = —0.46), weight (» = —0.48),
and positive correlations between apoA-I with a-1 globulins (» = 0.40), a-2
globulins (» = 0.56), total cholesterol (» = 0.66) and HDL-C (r = 0.82).

DISCUSSION

Excessive amount of adipose tissue in children and adolescents represents a
growing health problem throughout the world. Obesity in childhood is associated
with an increased mortality due to cardiovascular disease in adulthood [20].

Childhood obesity is associated with insulin resistance, inflammation,
elevated blood pressure and higher levels for: total cholesterol, LDL-C,
triglycerides and lower concentrations for HDL-C [9]. All these biochemical
changes contribute to atherosclerosis which starts at an early age in obese children [2].

It is known that IMT value is a marker for atherosclerosis and predicts future
cardiovascular disease [33]. In our study we measured IMT and other risk factors
for cardiovascular disease and we demonstrated that their values have been already
altered in obese children and adolescents. According to our results, the association
of apoB/apoA ratio with waist circumference (» = 0.44), and with carotid IMT
values (» = 0.38), may explain the link of dyslipidemia with visceral obesity and
with early atherosclerosis (Fig. 1 and Fig. 2).
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Fig. 1. Relation between apoB/apoA-1 and waist circumference.
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Fig. 2. Relation between apoB/apoA-I and IMT.
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In Lee S. et al. study, waist circumference (which is strongly associated with
visceral fat) was found to be an independent predictor of insulin resistance [16].
Visceral fat is associated with high plasma levels for inflammatory markers which
determine triglycerides storage formation in non-adipose tissues (ectopic places).
Also, visceral fat is more easily mobilized than subcutaneous fat and so, it is
associated with higher plasmatic values for free fatty acids [18]. All these
modifications have an important contribution for insulin resistance in obesity. In
our study, plasma C peptide concentration (a marker for insulin resistance) was
higher in the obese group and it was correlated with triglycerides level (» = 0.35),
demonstrating the relation between dyslipidemia and insulin resistance.

Low-grade systemic inflammation and dyslipidemia may also explain the
link between obesity and endothelial dysfunction. Adipose tissue, especially
visceral fat, is known to produce several pro-inflammatory molecules, such as
adipocytokines and acute-phase reactants. Concentrations of high-sensitive C-
reactive protein (hs-CRP) and soluble adhesion molecules have been found to be
higher in obese than in lean children [S5]. In our study, univariate analysis showed a
statistically significant positive correlation of apoB/apoA-I ratio with CRP (r =
0.59) (Fig. 3) and a negative correlation of apoA-I with CRP (» = —0.39). The
predictive role of CRP and apoB/apoA-I ratio in the earliest stage of atherosclerosis
remains to be studied in obese children.
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Fig. 3. Relation between apoB/apoA-I and CRP.

In the Insulin Resistance Atherosclerosis Study [31], the researchers
compared the associations of apoB and LDL-C with a wide array of measures of
cardiovascular risk factors and finally they suggested that apoB is a better predictor
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of vascular risk than LDL-C [31]. In our study, plasma apoB was positively
correlated with vascular risk factors such as: cholesterol (» = 0.79), LDL-C (r =
0.80) and IMT(» = 0.45), while apoB/apoA-I was negatively correlated with HDL
(r=-0.65) (Fig. 4).

0.9

0.8 .
-= 07 * *
S 06 L
g 05 . \'.\;‘\’*’ *
S 04 : CeT
[«X . * * .
® 03

0.2

0.1

0 ‘ ‘ ‘

0 20 40 60 80
HDL-C (mg/dl)

Fig. 4. Relation between apoB/apoA-I and HDL-C.

It was demonstrated that increased production of small dense LDL particles
in obese subjects with metabolic syndrome is related to an increased influx of fatty
acids to the liver, insulin resistance and hyperinsulinemia [3, 12]. It seems that
insulin resistance precedes the development of the metabolic syndrome in obese
children [4]. Dyslipidemia and insulin resistance have additive effects for
cardiovascular disease risk. In this study we demonstrated that apoB was correlated
with fasting glycaemia (r = 0.43).

Small dense LDL particles may have increased atherogenic potential because
of their low affinity to LDL receptors, prolonged plasma half-life time and high
penetration of the intima. y-GT can catalyze the oxidation of low-density
lipoprotein (LDL) augmenting the development of atherosclerosis [24]. y-GT is
present on the outer surface of plasma membrane of most cell types and in blood,
where it has been shown to form complexes with several plasma components, in
particular with albumin and lipoproteins [13]. The enzyme is expressed in the
atheromatous core of coronary plaques, where it colocalizes with oxidized LDL
and foam cells [23]. In our study y-GT levels were positively correlated with
apoB/apoA-I ratio (r = 0.35) (Fig. 5).
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Non alcoholic fatty liver disease (NAFLD) is associated with increased
prevalence of cardiovascular disease [21]. NAFLD should be suspected in
overweight and obese children older than 3 years with increased waist
circumference especially if there is a NAFLD history in relatives. Abdominal
ultrasound and liver function tests (including ALT), followed by exclusion of other
liver diseases, serve as a diagnostic tool for non alcoholic fatty liver disease [26].
The average ALT activity measured in our obese group was in normal range but
much higher than in the lean group. Also, in the obese group, the ALT activity
correlated with apoB/apoA-I ratio (» = 0.37) (Fig. 6) and ultrasounds images
suggested fatty liver disease.

CONCLUSIONS

The apoB/apoA-I ratio is higher in obese children than in lean children and
the ratio is correlated with increased values of other cardiovascular risk factors
(IMT, CRP, waist circumference, y-GT, diastolic blood pressure and NAFLD).
These correlations may help physicians to understand and prevent comorbidities
associated with childhood obesity.
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