
Regular paper

High density lipoprotein subfractions and paraoxonase 1 in children
Jana Muchová1, Lucia Andrezálová1, Stanislav Oravec2, Zuzana Nagyová3, Iveta Garaiova4 
and Zdeňka Ďuračková1*

1Institute of Medical Chemistry, Biochemistry and Clinical Biochemistry, Faculty of Medicine, Comenius University, Bratislava, Slovakia;  
22nd Department of Internal Medicine, Faculty of Medicine, Comenius University, Bratislava, Slovakia; 3Juvenalia Paediatric Centre, Dunajská 
Streda, Slovakia; 4Research Department, Cultech Ltd, Unit, Port Talbot SA12 7BZ, UK

The Lipoprint system (Quantimetrix Corp., CA, USA), ena-
bles the determination of 10 high density lipoprotein 
(HDL) subfractions in contrast to the 5 HDL subfractions 
that can be determined by ultracentrifuge analysis. HDL 
subfractions, and their relationships to the arylesterase 
(PON1-A) and lactonase (PON1-L) activities of paraoxo-
nase 1 (PON1), together with total-, very low density li-
poprotein- and low density lipoprotein (LDL)-cholesterol 
and LDL subfractions were investigated in the serum of 
27 mildly hypercholesterolemic children and 21 healthy 
controls. Our results suggest the antiatherogenity of 
large HDL (L-HDL) subfractions and the atherogenity 
of small HDL (S-HDL) subfractions in the study groups. 
However, the relationship between the intermediate 
HDL (I-HDL) subfractions with the LDL subfractions and 
other lipoproteins did not suggest that I-HDL subfrac-
tions are antiatherogenic. No significant association be-
tween PON1-A and the HDL subfractions was found. In 
contrast, PON1-L activity positively correlated with the 
antiatherogenic large HDL1 subfraction and negatively 
with intermediate HDL subfractions 4, 5 and 6. Our re-
sults contribute to the knowledge of the roles of total 
HDL and ten individual HDL subfractions in children and 
adolescents.

Key words: lipoproteins, LDL-lipoproteins, HDL-lipoproteins, chil-
dren, paraoxonase 1

Received: 08 December, 2015; revised: 18 February, 2016; accepted: 
25 February, 2016; available on-line: 06 June, 2016

INTRODUCTION

Dyslipoproteinemia in children and adolescents can 
predict clinical manifestations of atherosclerosis in adult-
hood and therefore there is a growing demand for lipid 
screening in childhood (Jehlička et al., 2009; McNeal et 
al., 2010; Daniels et al., 2011).

Generally, high density lipoprotein (HDL) is character-
ised as the protective antiatherogenic part of the plasma 
lipoprotein spectrum, compared with the low density li-
poprotein (LDL) family which is generally considered to 
be the atherogenic lipoprotein population (Oravec et al., 
2011). The HDL lipoprotein family represents a highly 
heterogeneous group of plasma lipoprotein entities, with 
a density (d) ranging from 1.063–1.21 g/ml. Depending 
on the separation method used, different subfractions 
of HDL particles can be detected. When fractioned by 
ultracentrifugation, human HDL is separated into two 
major subfractions HDL2 (d=1.063–1.125 g/ml) and 
HDL3 (d=1.125–1.21 g/ml) (Chapman et al., 1981; Pi-
rillo et al., 2013). Non-denaturing polyacrylamide gradi-

ent gel electrophoresis divides HDL2 and HDL3 into 
5 subfractions: HDL2b (d=1.063–1.087 g/ml), HDL2a 
(d=1.088–1.110 g/ml), HDL3a (d=1.110–1.129 g/ml), 
HDL3b (d=1.129–1.154 g/ml) and HDL3c (d=1.154–
1.170 g/ml) (Rosenson et al., 2011).

The Lipoprint LDL and HDL system (Quantimetrix) 
(Hoefner et al., 2001; Neyer et al., 2003), allows the dif-
ferentiation up to seven LDL and ten HDL subfractions.

Subfractions HDL1 to HDL10 can be divided into: 
(i) antiatherogenic large HDL subfractions (L-HDL1 to 
L-HDL3), (ii) intermediate HDL subfractions (I-HDL4 
to I-HDL7) which are at present considered a protec-
tive part of HDL and (iii) atherogenic small HDL sub-
fractions (S-HDL8 to S-HDL10) (Morais, 2005; Després, 
2007; Oravec et al., 2011a).

Large HDL (L-HDL) subfractions are considered the 
most protective for arteries (Muniz & Morais, 2005; 
Oravec et al., 2011a), intermediate HDL (I-HDL) sub-
fractions of HDL spectrum according to some authors 
also represent a protective part of spectrum, but small 
HDL (S-HDL) subfractions may contribute to introduce 
an atherogenic part of the HDL family (Asztalos et al., 
2004; Després, 2007).

The atherogenic LDL lipoprotein profile is character-
ised by the presence of atherogenic lipoproteins com-
prising very low density lipoprotein (VLDL), intermedi-
ate density lipoproteins (IDL1, IDL2), and the presence 
of strongly atherogenic small dense lipoproteins (LDL 
3–7) (Rajman et al., 1996; Lamarche et al., 1997). IDL3 
and LDL1 subfractions are considered to play an antia-
therogenic function (Oravec et al., 2011). The protec-
tive effects of HDL particles depend on the presence of 
nonenzymatic proteins (e.g. apolipoprotein A-I) and sev-
eral enzymes, such as lecithin cholesterol acyltransferase, 
cholesteryl ester transfer protein, platelet-activating fac-
tor, acylhydrolase and paraoxonase 1 (PON1).

PON1 is a calcium dependent glycoprotein esterase, a 
dimer with molecular weight in the range of 43–45 kDa 
(Don et al., 1975). In the human, the PON1 gene is lo-
cated on the long arm of chromosome 7 (Humbert et al., 
1993). The PON1 enzyme is found in serum primarily 
associated with HDL particles (Don et al., 1975). PON1 
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is not bound to LDL particles (James & Deakin, 2004), 
although PON1 plays a key role in LDL protection 
against oxidative damage. The beneficial effect of PON1 
in atherosclerosis has been shown to be related to its 
ability to indirectly reduce oxidative stress by breaking 
down pro-inflammatory oxidized lipids present in oxi-
dized LDL (oxLDL) in mice (Shih et al., 1998) and this 
was confirmed through a negative correlation between 
PON1 activity and the atherogenic index in hypercholes-
terolemic children (Sumegová et al., 2007). Moreover, de-
creased PON1 arylesterase activity predicts a higher risk 
of incidence of long-term adverse cardiovascular events 
in patients with chronic kidney disease (Kennedy et al., 
2013).

It is believed that PON1 acts as (i) a detoxifying en-
zyme hydrolysing organophosphates (insecticides, neuro-
toxins) that block the enzyme acetylcholinesterase and 
(ii) an antiatherogenic enzyme, capable of attenuating 
plaque formation through the protection of lipoprotein 
particles from reactive oxygen species by hydrolysing 
oxidized cholesteryl esters and phosphatidylcholine core 
aldehydes (Ahmed et al., 2001). The appropriate physio-
logical substrate to use for PON1 assessment is unclear. 
PON1 displays an appreciable arylesterase activity to-
wards phenyl acetate and a lactonase activity (Jakubowski 
2000, Draganov et al., 2005). Lactonase activity has been 
well documented and homocysteine-thiolactone has been 
identified as an appropriate physiological substrate of 
PON1. (Jakubowski, 2000; Khersonsky & Tawfik, 2005; 
Jakubowski, 2011). In addition to thiolactone, PON1 
exerts hydrolytic activity toward lipolactones (Gaidukov 
& Tawfik, 2007) and oxidized phospholipids (Fuhrman 
et al., 2004). Homocysteine is considered to be a risk 
factor in atherosclerotic vascular diseases (Racek et al., 
2005) through protein homocysteinylation (Perla-Kaján 
& Jakubowski, 2012; Jakubowski, 2013). Jakubowski et 
al. (2015) found that urinary homocysteine-thiolactone is 
an additional risk predictor of acute myocardial infarc-
tion in patients with coronary artery disease independ-
ent from established risk factors and plasma total ho-
mocysteine level. There have been a limited number of 
studies on HDL subfractions in children. The STRIP 
project, which has been running in Finland from 1990 
to present, examines the impact of long-term dietary 
changes and increased physical activity from an early age 
to adulthood on the prevention of atherosclerosis. The 
researchers were studying the effect of life-style change 
on lipid profile, LDL and HDL subfractions in children 
from age seven onwards. Positive changes in LDL sub-
fractions were found only in boys but HDL subfractions 
2 and 3 were unchanged in both genders (Kaitosaari et 
al., 2009). HDL subfractions have been studied in obese 
adolescents according to ethnicity (D’Adamo et al., 2010) 
and African Americans, in contrast to the white race 
and Hispanics, had reduced large VLDL lipoproteins, 
reduced small dense LDL subfractions, increased large 
HDL subfractions and thus lower cardiovascular risk. 
Differences in lipoprotein subfractions in lean and obese 
children (7–18 years) found that lean children had higher 
large HDL subfractions and lower medium LDL and 
small LDL subfractions in comparison to obese children 
(Benson et al., 2012). Pietiläinen et al. (2009) investigated 
HDL subfractions in young twin and found in abdomi-
nal overweight children decreased HDL2b and increased 
HDL3c subfractions independent of genetic influences. 
A marker for cardiovascular disease, serum amyloid-A 
was found to be positively correlated with small HDL 
subfractions in overweight children McEneny et al. 
(2013).

LDL and HDL subfractions in infants at birth and at 
2–3 months of age and in their parents showed an in-
verse association between the largest HDL subfractions 
and the small LDL particles (Kwiterovich et al., 2013). 
At present, the exact function of I-HDL subfractions is 
not known and their correlations with PON1 or with 
other HDL associated enzymes have not been discussed.

This pilot study investigates for the first time the rela-
tionship between 10 HDL subfractions and lipid profile 
parameters – TCH (total cholesterol), VLDL (very low 
density lipoprotein)-cholesterol, LDL-cholesterol, LDL 
subfractions and to the arylesterase and lactonase activi-
ties of paraoxonase 1 in a group of mildly hypercholes-
terolemic children and adolescents and in healthy chil-
dren together with any gender link.

SUBJECTS AND METHODS

Subjects. The subjects and study design are described 
elsewhere (Garaiova et al., 2013). Briefly, thirty children 
and adolescents with dyslipidemia, registered with Juve-
nalia Pediatric Centre, Dunajská Streda, Slovakia, were 
invited to participate in the study based on the universal 
screening of cholesterol and glycemia in children aged 11 
and adolescents aged 17 according to Ministry of Health 
guidelines MZ13010/2004. Ethical Approval was granted 
by the Medical School Ethics Board, Comenius Universi-
ty in Bratislava, Slovakia. Written informed consent was 
obtained from the parents or guardians before inclusion 
in the study. Subjects with initial total cholesterol (TCH) 
levels ≥4.1 mmol/l (≥159 mg/dl) (value recommended 
by pediatricians in Slovakia according to Šoltésová & 
Hrebík, 2006), despite having completed a 3 months pe-
riod of assigned dietary lifestyle change were selected for 
inclusion in this study. Genetic diagnosis of familial hy-
percholesterolemia or familial combined hyperlipidemia 
had not been determined in any child included in the 
study. None of the subjects had received lipid or choles-
terol lowering drugs, were diabetic, hypertensive or had a 
history of cardiovascular diseases (Garaiova et al., 2013).

Baseline samples were not provided by three children. 
The serum of twenty seven children (19 girls, 8 boys) 
was analysed for lipid profile, HDL subfractions and 
PON1 activities.

Twenty-one healthy children and adolescents regis-
tered in Pediatric Centre Juvenalia, s.r.o Dunajská Streda 
with average age 14.5±2.8 years (8 boys and 13 girls) 
were enrolled into the control group.

Clinical and anthropometric assessment. Body 
weight and height were measured without shoes and 
with light clothing using a digital weighing and measur-
ing station with automatic body mass index (BMI) calcu-
lation (kg/m2, SECA 764, Germany).

Biochemical analysis. Venous blood samples were 
collected after 12-hours overnight fast. Within 1 h of 
collection, blood was centrifuged (1200×g, 10 min), se-
rum was obtained, aliquoted and frozen at –80°C until 
analysis. The fasting serum analysis of triacylglycerols 
(TAG), total cholesterol and glucose were determined 
using a Hitachi 911 Analyser by standard procedure 
using Roche Diagnostics kits (Switzerland). The analy-
sis of the HDL subfractions in serum, which included 
large HDL, intermediate HDL and small HDL, was 
performed by the Lipoprint HDL system (Quantime-
trix Corp., CA, USA) (Muniz & Morais, 2005) on po-
lyacrylamide gel electrophoresis. HDL subfractions are 
expressed as % of area under the curve and in mg/dl 
for the sum of the large, intermediate and small HDL 
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subfractions. The data generated from the hypercholes-
terolemic children were compared with healthy control 
group.

Arylesterase activity of PON1 (PON1-A). For spectro-
photometric determination of PON1-A activity in se-
rum, phenyl acetate was used as the substrate according 
to Gan et al. (1991). Briefly, addition of 100 μl of 10 
mmol/l substrate solution to the assay mixture contain-
ing 10 μl of diluted serum and 890 μl Tris buffer pH 8 
(the total volume of the reaction mixture was 1 ml), pro-
duction of phenol was detected after 2 min at 270 nm. 
Spontaneous hydrolysis of phenyl acetate was negligible. 
The molar extinction coefficient 1 310 mol–1 · dm3 · cm–1 
was used for the expressing of enzyme activity (U/ml). 1 
U is defined as 1 µmol of phenol produced per minute.

Lactonase activity of PON1 (PON1-L). For spectropho-
tometric measurement of PON1-L activity in serum, di-
hydrocoumarin was used as the substrate. Lactonase ac-
tivity was determined according to Aviram & Rosenblat 
(2008). After addition of 500 μl of 2 mmol/l substrate 
solution to the assay mixture containing 15 μl of diluted 
serum and 485 μl of Tris buffer pH 7.5 (the total vol-
ume of the reaction mixture was 1 ml), the absorbance 
was measured within 4 minutes at 270 nm.

For calculation of PON1 activity corrections for 
spontaneous hydrolysis of the substrate were done. The 
molar extinction coefficient 1 295 mol–1 · dm3 · cm–1 was 
used for the expressing of enzyme activity (U/ml). 1 U 
is defined as 1 µmol of dihydrocoumarin hydrolysed per 
minute.

Statistical analysis. Prior to significance testing, the 
normality of the data was determined using the Shap-
iro-Wilk test. Data for normally distributed continuous 

variables are presented as the mean  ± standard devia-
tion (S.D.). The median with minimum, maximum and 
interquartile range was calculated for variables out of 
normality. For statistical comparison, P-values were de-
termined using the Student’s t-test or the Mann-Whitney 
test. Spearman’s rank correlation was used for the cor-
relations between normally distributed data. For values 
with border statistical significance Kendall’s rank correla-
tion was used. P-value of <0.05 was considered statisti-
cally significant. All statistical tests were performed using 
StatsDirect® version 2.7.9. (Cheshire M33 3UY, UK).

RESULTS

The baseline characteristics and arylesterase and lacto-
nase activities of PON1 of patient and control groups 
are shown in Table 1. 17 girls from the patients group 
were menstruating. The patients differed from the con-
trol group in TCH and TAG; these parameters were 
higher in the patients group. Analysis on the basis of 
gender indicated a significantly higher glucose level in 
boys (B) (P=0.0001) and higher levels of TCH in girls 
(G) in patients group (P=0.009). No gender differences 
in the control group were observed.

HDL subfraction levels are presented in Table 2. In 
the patient group the values of subfractions decreased in 
the order L-HDL2>L-HDL1>L-HDL3 and for I-HDL, 
I-HDL6>I-HDL4=I-HDL5>I-HDL7. The S-HDL sub-
fractions were the lowest of the three groups comprising 
S-HDL8>S-HDL9. Subfraction S-HDL10 was not de-
tected in the patients group. No gender differences were 
observed.

Table 1. Baseline characteristics of individuals and PON1 activities

Parameter

Patients Controls
P value
Patiens/
Controls

All Boys Girls P value All Boys Girls P value

n=27 n=8 n=19 B/G n=21 n=8 n=13 B/G

Age (years) 16.26 (3.34) 15.38 (3.11) 16.68 (3.35) 0.354 14.5 (2.78) 14.40 (3.11) 14.60 (2.68) 0.870 0.058

Weight (kg) 61.69 (19.9) 75.31 (26.9) 55.95 (13.2) 0.02 55.4 (18.4) 56.1 (21.25) 54.89 (17.19) 0.89 0.239

BMI (kg/m2) 22.41 (5.24) 25.39 (5.8) 21.16 (4.58) 0.055 20.5  (4.1) 20.05 (3.04) 20.84 (4.78) 0.68 0.159

TCH (mmol/l) 5.40 (1.17) 4.67 (1.33) 5.73 (0.95) 0.009 3.85 (0.59) 3.89 (0.76) 3.82 (0.48) 0.736 0.0001

TAG (mmol/l) 1.38 (0.53) 1.48 (0.68) 1.34 (0.47) 0.554 0.81 (0.26) 0.70 (0.23) 0.88 (0.27) 0.126 0.0001

Fasting Glu-
cose (mmol/l) 4.9 (0.5) 5.43 (0.43) 4.71 (0.33) 0.0001 4.88 (0.45) 5.06 (0.34) 4.77 (0.49) 0.157 0.791

PON1 –  
A (U/ml) 134.1 (26.2) 141.1 (26.9) 131.2 (26.1) 0.38 122.70 (23.9) 127.00 

(26.9) 119.82 (24.7) 0.525 0.133

PON1 –  
L (U/ml) 11.3 (2.2) 10.9 (1.9) 11.4 (2.4) 0.60 10.6 (2.7) 11.5 (2.5) 10.1 (2.8) 0.262 0.357

Data presented as mean (standard deviation); n, number of subjects per group. BMI, body mass index (BMI = weight/height2); TCH, total choles-
terol; TAG, triacylglycerols; PON1-A, arylesterase activity of PON1; PON1-L, lactonase activity of PON1; B, boys; G, girls; P, significance
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Table 2. Serum HDL subfractions

Patients Controls
P value 
Patients/
ControlsParameter

All Boys Girls P value All Boys Girls P value

B/G B/G

Large HDL subfractions

L-HDL1
(Area %)

16.0 13.0 18.0
0.092

6.0 6.0 5.0
0.817 0.0001

(13.0-21.5) (9.0-16.75) (14.0-22.0) (5.0-8.0) (5.25-8.0) (5.0-8.0)

L-HDL2
(Area %)

19.0 17.0 19.0
0.968

17.0 10.0 16.0
0.845 0.200

(16.0-21.5) (16.0-21.75) (15.0-21.5) (15.0-20.0) (15.0-19.25) (15.0-20.0)

L-HDL3
(Area %)

9.0 9.0 9.0
0.535

12.0 11.0 13.0
0.243 0.015

(8.0-11.0) (8.75-11.5) (8.0-10.5) (11.0-14.0) (10.75-12.5) (12.0-15.0)

L-HDL 1+2+3
(Area %)

45.0 39.0 50.0
0.326

36.0 35.0 36.0
0.683 0.002

(38.5-53.5) (37.75-48.25) (41.0-53.5) (32.0-41.0) (31.0-39.5) (33.0-41.0)

L-HDL 1+2+3
(mg/dl)

24.0 22.0 26.0
0.236

15.0 15.0 16.0
0.988 0.0001

(18.0-33.0) (18.0-24.0) (19.0-34.0) (12.0-17.0) (13.5-17.0) (12.0-17.0)

Intermediate HDL subfractions

I-HDL4
(Area %)

13.0 13.0 12.0
0.131

14.0 13.0 14.0
0.097 0.085

(12.0-13.5) (12.75-14.0) (11.5-13.0) (12.0-15.0) (11.75-13.25) (13.0-15.0)

I-HDL5
(Area %)

13.0 14.0 12.0
0.228

13.0 13.0 14.0
0.110 0.450

(11.5-14.0) (12.75-14.0) (11.0-14.0) (13.0-14.0) (11.75-13.25) (13.0-15.0)

I-HDL6
(Area %)

16.0 18.0 15.0
0.352

22.0 21.0 22.0
0.957 0.0001

(13.0-19.0) (14.75-19.25) (13.0-17.0) (19.0-23.0) (18.25-23.25) (19.0-23.0)

I-HDL7
(Area %)

4.0 5.0 4.0
0.354

6.0 6.0 6.0
0.781 0.001

(3.0-5.0) (3.0-5.25) (3.0-5.0) (5.0-6.0) (4.75-7.0) (5.0-6.0)

I-HDL 4+5+6+7
(Area %)

45.0 50.0 43.0
0.222

54.0 54.0 54.0
0.210 0.0001

(38.5-52.5) (43.25-52.25) (38.5-51.0) (53.0-57.0) (49.5-54.75) (53.0-57.0)

I-HDL 4+5+6+7
(mg/dl)

24.0 24.0 24.0
0.299

22.0 22,0 21.0
0.988 0.150

(20.5-27.0) (21.75-29.5) (19.5-26.5) (20.0-24.0) (19.25-24.0) (20.0-23.0)

Small HDL subfractions

S-HDL8
(Area %)

5.0 6.0 5.0
0.720

4.0 5.0 4.0
0.308 0.134

(4.0-6.0) (4.0-6.0) (4.0-6.0) (3.0-5.0) (3.75-6.0) (3.0-5.0)

S-HDL9
(Area %)

3.0 3.0 2.0
0.616

2.0 4.0 2.0
0.187 0.828

(2.0-3.0) (2.5-3.25) (2.0-3.0) (2.0-4.0) (2.75-4.25) (2.0-3.0)

S-HDL10
(Area %)

0.0 0.0 0.0
0.664

2.0 5.0 2.0
0.299 ns

(0.0-1.0) (0.0-1.0) (0.0-0.0) (0.0-6.0) (1.5-6.5) (0.0-3.0)

S-HDL 8+9+10
(Area %)

8.0 9.0 7.0
0.977

9.0 13.0 8.0
0.277 0.293

(6.0-10.0) (7.0-10.0) (6.0-10.0) (5.0-16.0) (9.25-16.25) (5.0-11.0)

S-HDL 8+9+10
(mg/dl)

4.0 5.0 4.0
1.00

4.0 6.0 3.0
0.290 0.954

(4.0-5.0) (3.5-5.0) (4.0-5.0) (2.0-6.0) (3.5-6.25) (2.0-6.0)

Values are expressed as median with an interquartile range (LQ-UQ; 25-75%). L-HDL, Large HDL subfraction; I-HDL, Intermediate HDL subfraction; 
S-HDL, Small HDL subfraction; B, boys; G, girls; LQ, lower quartile; UQ, upper quartile; P, significance; ns, non significant. To change to mmol/l, 
multiply the values in mg/dl with 0.02586. White colour of lines and columns – nonatherogenic variable. Light grey colour of lines and columns – 
atherogenity/non-atherogenity is not exactly known. Darker grey colour of lines and columns – atherogenic variables
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The most antiatherogenic subfraction L-HDL3 was 
significantly lower in patients than in the controls. 
However, L-HDL1 and the sum of the L-HDL sub-
fractions (L-HDL1+2+3) were higher in patients. The 
levels of the intermediate subfractions I-HDL6 and 
I-HDL7 and the sum of the I-HDL subfractions (I-
HDL4+5+6+7) were significantly lower in the patient 
group than in the controls. The levels of small HDL 
subfractions were not different from the controls (Ta-
ble 2). In the patient group a trend to higher levels of 
the nonatherogenic L-HDL1 subfraction was observed 
in the girls compared to boys (p=0.092). No gender 
differences were seen for other HDL subfractions in 
either patients or healthy controls (Table 2). Data for 
LDL subfractions of this cohort were published previ-
ously (Garaiova et al., 2013).

The correlation data presented in Table 3 indicate 
positive relationships between L-HDL2 and 3 and an-
tiatherogenic IDL3 and between L-HDL3 and HDL-
CH in the patient group. No positive correlations were 
observed for the control group. Negative correlations in 
the patient group were found between L-HDL2, 3 and 
TCH, and between L-HDL3 and VLDL-CH as well as 
LDL2. In the control group negative correlations were 
found for L-HDL1, 2, 3 and potentially atherogenic 
LDL2, and between L-HDL1 and VLDL-CH; in the 
same group a negative correlation was found for L-
HDL3 and LDL-CH.

For the intermediate subfractions, in the patient 
group, positive correlations were found for I-HDL5, 6 
and TCH and also for I-HDL6 and LDL2. Negative re-
lationship was seen for I-HDL5 and HDL. In the con-
trol group, for the intermediate subfractions a positive 
correlation was seen for I-HDL6, 7 and LDL2 and for 
I-HLD7 and TCH, LDL-CH, IDL1 and IDL2. Negative 
correlations were observed between I-HDL4 and both 
TCH and IDL2 and between I-HDL5 and both LDL-
CH and HDL-CH.

S-HDL8, 9 subfractions of the patient group showed 
a positive correlation with LDL2 (as seen also for I-
HDL6 in this group) and a positive correlation between 
S-HDL8 and TCH; a negative correlation between S-
HDL8, 9 and HDL was seen. In the control group, 
S-HDL8 showed a positive correlation with LDL-CH 
contrasting with that seen with I-HDL5. However, as 
seen for I-HDL7, S-HDL8, 9 had a positive correlation 
with LDL1 and S-HDL9 also with LDL2. Subfraction S-
HDL10 also positively correlated with LDL2.

For the patient group a positive correlation was seen 
for L-HDL1 and PON1-L with negative correlations for 
the intermediate HDL subfractions 4, 5 and 6. In the 
control group significant correlations were not seen. No 
correlation between PON1-A and HDL subfractions was 
observed.

DISCUSSION

In this pilot study of the HDL subfractions in hy-
percholesterolemic children the most antiatherogenic L-
HDL3 subfraction was decreased in patients when com-
pared to the controls, but the concentrations of L-HDL1 
and the sum of the L-HDL subfractions (L-HDL1+2+3) 
were higher in the patient group than in the controls. 
The proportions of I-HDL 4 and 5 were comparable 
with the control group whilst those of I-HDL 6 and 7 
were significantly lower in the patient group. Very low 
levels of the small atherogenic HDL subfractions were 
detectable.

The HDL lipoproteins are considered to be nonather-
ogenic in character but the work of Morais and co-work-
ers identified that small HDL subfractions (S-HDL8-10) 
can be associated with an increased risk of cardiovascu-
lar diseases (CVD) (Muniz & Morais, 2005). Oravec et al. 
(2011a) observed elevated levels of S-HDL subfractions 
in adult patients with arterial hypertension and CVD. 
A review by Superko et al. (2012) on the relationship 
between HDL subfractions and CVD concluded, that 
HDL2 (large) and HDL3 (small) analysis alone is insuffi-
cient for the assessment of the impact of HDL on CVD 
and further differentiation of HDL2 and HDL3 is need-
ed. The Quantimetrix Lipoprint system allows separation 
of HDL into ten subfractions.

There were negative correlations between the antia-
therogenic L-HDL2, 3 and TCH and between L-HDL3 
and VLDL-CH levels in the patient group as would be 
expected. No correlation between LDL-CH and the L-
HDL subfractions was found in the patient group but 
a negative correlation was seen between L-HDL3 and 
LDL-CH in the control group.

Positive correlations were recorded between TCH 
and I-HDL5, 6 and S-HDL8 in the patient group with 
a negative correlation observed between VLDL-CH and 
I-HDL4. The HDL-CH showed negative correlations 
with I-HDL5, 6 and S-HDL8, 9 and a positive correla-
tion with L-HDL3 for the patients whilst in the control 
group HDL-CH correlated negatively with I-HDL5.

With regard to the HDL subfractions the findings in 
this study support the view that the proposed antiather-
ogenic properties of the I-HDL subfractions are ques-
tionable. The function of the LDL2 subfractions is also 
unclear. Oravec et al. (2011b) indicated that the LDL2 
subfraction has an atherogenic function and our results 
support these findings, with a negative correlation be-
tween LDL2 and the antiatherogenic L-HDL3 subfrac-
tion and a positive correlation with the I-HDL6 subfrac-
tions and S-HDL8, 9 in the patient group. In the control 
group LDL2 correlated negatively with L-HDL1-3 and 
positively with I-HDL6, 7 and S-HDL9, 10.

The relationships found between atherogenic risk, the 
HDL or LDL subfractions and their size and functions 
and PON1 activities are not consistent (Gugliucci et al., 
2013). PON1 is associated with HDL but its exact role 
in relation to the individual HDL subfractions is unclear. 
Assessments of both HDL subfractions and PON1 ac-
tivities have some methodological limitations and varia-
tions among the data may be related to the use of dif-
ferent analytical techniques, making direct comparisons 
difficult.

With regard to the HDL fractionation, Kontush et 
al. (2003) used ultracentrifugation to separate the HDL 
fractions in serum and found that PON1-A activity in-
creased from large to small HDL subgroups in the order 
HDL2b<HDL2a<HDL3a<HDL3b<HDL3c. However, 
when HDL particles were isolated from serum using 
Fast Protein Liquid Chromatography, PON1-A activity 
was higher in large compared with small HDL particles. 
The authors explained this phenomenon by the weak 
bond between PON1 and HDL2 allowing release of the 
enzyme from HDL2 during ultracentrifugation. For the 
HDL3 subfractions, PON1 is more strongly bound and 
not released during the isolation of the HDL subfrac-
tions, as reflected by higher PON1 activity. Gugliucci et 
al. (2013) reported higher PON1-A activity in isolated 
HDL3 subfractions and similar results were obtained 
by Nobécourt et al. (2005) who found a positive cor-
relation between PON1-A activity determined in each 
subfraction and small dense HDL3 particles isolated by 
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Table 3. Correlations between HDL subfractions and lipid parameters, LDL subfractions, PON1–A and PON1–L activities

Parameter L–HDL1 L–HDL2 L–HDL3 I–HDL4 I–HDL5 I–HDL6 I–HDL7 S–HDL8 S–HDL9 S–HDL10

TCH

C ns ns
r=–0.370 r=–0.458

ns ns
r=0.501 r=0.418

ns ns
P=0.099 P=0.038 P=0.022 P=0.061

P ns
r=–0.664 r=–0.535

ns
r=0.439 r=0.538

ns
b=0.295 b=0.289

ns
P=0.0003 P=0.005 P=0.025 P=0.0051 P=0.049 P=0.057

VLDL–CH

C
r=–0.448

ns ns ns ns ns ns ns ns ns
P=0.043

P ns ns
r=–0.383 r=–0.254

ns ns ns ns ns ns
P=0.049 P=0.099

LDL–CH

C ns ns
r=–0.454

ns
r=–0.467

ns
r=0.601 r=0.442

ns ns
P=0.040 P=0.034 P=0.005 P=0.024

P ns ns ns
r=–0.269

ns ns ns ns ns ns
P=0.087

HDL–CH

C
r=0.431

ns ns ns
r=–0.473

ns ns ns ns ns
P =0.052 P=0.030

P
r=0.307 r=0.344 b=0.301 r=–0.259 r=–0.609 r=–0.492

ns
r=–0.317 r=–0.416

ns
P=0.059 P=0.079 P=0.036 P=0.096 P=0.001 P=0.01 P=0.053 P=0.032

IDL1
C ns ns

r=–0.434 r=–0.404
ns ns

r=0.449 r=0.375
ns ns

P=0.051 P=0.071 P=0.042 0.093

P ns ns ns ns ns ns ns ns ns ns

IDL2

C
r=–0.400

ns ns
r=–0.501

ns ns
r=0.523 r=0.391

ns ns
P=0.072 P=0.022 P=0.016 P=0.08

P ns ns
r=–0.303

ns ns ns ns ns ns ns
P=0.062

ILD3

C ns ns ns ns ns ns ns ns ns ns

P ns
r=0.460 r=0.342

ns
r=–0.304 r=–0.284

ns ns ns ns
P=0.017 P=0.021 P=0.062 P=0.075

LDL1
C ns ns

r=–0.463
ns ns ns

r=0.652 r=0.560 r=0.499
ns

P=0.066 P=0.002 P=0.001 P=0.042

P ns ns ns ns ns ns ns ns ns ns

LDL2 (?)

C
r=–0.536 r=–0.586 r=–0.486

ns ns
r=0.557 r=0.695

ns
r=0.633 r=0.465

P=0.013 P=0.006 P=0.027 P=0.009 P=0.000 P=0.003 P=0.035

P ns ns
r=–0.463

ns
r=0.304 r=0.395 r=0.301 r=0.495 r=0.359

ns
P=0.016 P=0.061 P=0.042 P=0.063 P=0.010 P=0.033

LDL3

C ns ns ns ns ns ns ns ns ns ns

P ns ns ns ns ns ns ns
r=0.255

ns ns
P=0.098

PON1–A
C ns ns ns ns ns ns ns ns ns ns

P ns ns ns ns ns ns ns ns ns ns

PON1–L

C ns
r=–0.400

ns ns ns
r=0.440

ns ns ns ns
P=0.082 P=0.052

P
r=0.388

ns ns
r=–0.403 r=–0.482 r=–0.409

ns ns ns ns
P=0.046 P=0.038 P=0.012 P=0.035

P, Patient; C, control; TCH, total cholesterol; VLDL–CH, very low density lipoprotein cholesterol; LDL–CH, low density lipoprotein cholesterol; HDL–
CH, high density lipoprotein cholesterol; TAG, triacylglycerols; IDL, Intermediate LDL subfractions; L–HDL, Large HDL subfractions, I–HDL, Intermedi-
ate HDL subfractions, S–HDL, Small HDL subfraction; PON1–A, arylesterase activity of Paraoxonase p1; PON1–L, lactonase activity of Paraoxonase 
1; P, significance; r, Spearman’s correlation coefficient; b, Kendall’s tau coefficient; ns, non significant. WhiSte colour of lines and columns – non-
atherogenic variable. Light grey colour of lines and columns – atherogenity/non–atherogenity is not exactly known. Darker grey colour of lines and 
columns – atherogenic variables
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density gradient ultracentrifugation from type 2 diabetic 
subjects. Vekic et al. (2007), isolated the subfractions by 
electrophoresis and found that PON1 activity toward di-
azoxon was strongly and positively associated with HDL 
size. Harangi et al. (2009) found in accordance with our 
results no association between PON1-A and HDL sub-
fractions.

PON1 activity provides an indirect assessment of the 
antioxidant activity of HDL particles. However, one of 
the problems with the measurement of PON1 activity 
is the choice of substrate for assessment. The original 
studies with PON1 assessed activity against organo-
phosphates using paraoxon as the substrate of choice 
which would target the detoxifying active site of PON1 
but this activity does not play a role in atherogenesis 
(Perla-Kaján & Jakubowski, 2012) and it is thought that 
the arylesterase activity of PON1 provides a better in-
dicator of its antiatherogenic properties. However, it is 
currently accepted that the lactonase activity of PON1 
assessed using homocysteine-thiolactone as the appropri-
ate physiological substrate provides a good assessment 
of antiatherogenic potential (Aviram and Rosenblat, 
2008; Perła-Kaján & Jakubowski, 2012). PON1 hydro-
lyses homocysteine-thiolactone and inhibits N-homocyst-
einylation of proteins that can impair protein function 
and cause endothelial dysfunction and vascular dam-
age in vivo (Lacinski et al., 2004; Domagala et al., 2006; 
Perła-Kaján & Jakubowski, 2010, Macharia et al., 2012). 
In this pilot study two substrates (phenylacetate and di-
hydrocoumarin) were used for the assay but significant 
correlations with HDL subfractions were observed only 
from the results obtained assessing the lactonase activity 
of PON1.

Mascarenhas-Melo et al. (2013) showed in CVD risk 
patients that the large HDL subfractions negatively cor-
related with oxLDL and the small HDL subfractions 
positively correlated with oxLDL. These findings are in 
accordance with our observed positive correlation be-
tween L-HDL1 subfractions and PON1-L. However, 
PON1 itself does not exert direct antioxidant properties 
(Teiber et al., 2004; Draganov et al., 2005; Perła-Kaján 
& Jakubowski, 2012) and it is assumed that its role in 
oxidative stress (which contributes to atherogenesis) is 
indirect though elimination of homocysteine-thiolactone 
and the inhibition of protein N-homocysteinylation (Per-
la-Kaján & Jakubowski, 2010). 

Some limitations of our study must be noted. The 
small sample size might account for some of the mar-
ginal significances. Also the uneven distribution of num-
bers and anthropometrics between boys and girls limits 
the extent of statistical analysis. Our results contribute 
to the knowledge of total HDL function as well as HDL 
individual subfractions functions which could contribute 
to a to a better understanding of the role of individual 
HDL subfractions, especially I-HDL, in mild hypercho-
lesterolemic children and adolescents.

CONCLUSIONS

This is the first time ten HDL subfractions have been 
assessed using the Lipoprint system in children and ado-
lescents. Our results showed a positive association be-
tween the large L-HDL subfractions and the antiathero-
genic LDL subfractions and between S-HDL subfrac-
tions and atherogenic small LDL subfractions in mild 
hypercholesterolemic children and adolescent. Associa-
tions between the intermediate I-HDL subfractions and 
other lipoproteins did not indicate a positive association 

with antiatherogenic lipoproteins. No significant associa-
tion between PON1-A and the HDL subfractions was 
found. In contrast, PON1-L activity positively correlated 
with the antiatherogenic large L-HDL1 subfraction and 
negatively correlated with intermediate I-HDL subfrac-
tions 4, 5 and 6. Our results contribute to the knowl-
edge of the roles of total HDL and the ten individual 
HDL subfractions (notably intermediate I-HDL subfrac-
tions) in children and adolescents.
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