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Background: Recent evidence suggests that high-density lipoprotein (HDL)
physicochemical characteristics and functional capacity may be more
important that HDL-C levels in predicting coronary heart disease. There is
little data regarding HDL subclasses distribution in youth with type 1 diabetes.
Objective: To assess the relationships between glycemic control and HDL
subclasses distribution, composition, and function in adolescents with type 1
diabetes.
Methods: This cross-sectional study included 52 adolescents with type 1
diabetes aged 12–16 years and 43 age-matched non-diabetic controls. Patients
were divided into two groups: one in fair control [hemoglobin A1c (HbA1c) <

9.6%] and the second group with poor glycemic control (HbA1c ≥ 9.6%). In
all participants, we determined HDL subclasses distribution, composition,
and the ability of plasma and of isolated HDL to promote cellular cholesterol
efflux. Levels of soluble adhesion molecules were also measured.
Results: Although both groups of patients and the control group had similar
HDL-C levels, linear regression analyses showed that compared with
non-diabetic subjects, the poor control group had a lower proportion of
HDL2b subclass (p = 0.029), triglyceride enriched (p = 0.045), and cholesteryl
ester depleted (p = 0.028) HDL particles. Despite these HDL changes,
cholesterol efflux was comparable among the three groups. The poor control
group also had significantly higher intercellular adhesion molecule-1 and
vascular cell adhesion molecule-1 plasma concentrations.
Conclusions: In adolescents with type 1 diabetes, poor glycemic control is
associated with abnormalities in HDL subclasses distribution and HDL lipid
composition, however, in spite of these HDL changes, the ability of HDL to
promote cholesterol efflux remains comparable to that of healthy subjects.

Patricia Medina-Bravoa,
Aída Medina-Urrutiab,
Juan Gabriel Juárez-Rojasb,
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Cardiovascular disease has been recognized as the
major cause of death in patients with type 1 diabetes (1).
An important part of the cardiovascular risk in patients
with type 1 diabetes may be mediated by atherogenic
lipid abnormalities (2). Compared to non-diabetic
subjects, children with type 1 diabetes have higher
levels of total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), apolipoprotein B (apoB), and
higher proportions of small, dense LDL particles (3).
These lipid disorders are highly dependent on glycemic
control (4, 5).

Although epidemiological studies have shown
that low plasma levels of high-density lipoprotein
cholesterol (HDL-C) is an independent risk factor
for coronary heart disease (CHD) (6), recent evidence
suggests that HDL physicochemical characteristics (7)
and functional capacity (8) may be more important
than HDL-C levels in predicting CHD. HDL is a
heterogeneous group of large (HDL2b and HDL2a)
and small (HDL3a, HDL3b, and HDL3c) lipoprotein
particles (9) that differ in size, lipid composition,
density, and function (10). The HDL protection against
atherosclerosis may be mediated, among many other
actions (11), by its ability to inhibit the expression
of intercellular adhesion molecule-1 (ICAM-1), and
vascular adhesion molecule-1 (VCAM-1), that reduces
the recruitment of blood monocytes into the artery
wall (12), and also by its central role in reverse
cholesterol transport, a process by which cholesterol
from peripheral tissues is returned to the liver for
excretion or recycling (13).

Increased levels of large HDL, reduced levels of
small HDL, and a higher mean particle size have
been reported in adults with type 1 diabetes. However,
in those with poor glycemic control higher levels of
small HDL, lower levels of large HDL, and a reduced
HDL size were observed (14). This latter pattern in
HDL subclasses distribution has also been reported in
adults with type 1 diabetes who subsequently developed
CHD (15). Recently, Gallo et al. (16) showed that
youths with type 1 diabetes have increased large HDL
particles concentration and higher mean HDL particle
size compared to non-diabetic subjects. However, HDL
function and the effect of glycemic control on HDL
related characteristics were not assessed in that study.
Accordingly, the aim of this study was to investigate the
HDL subclasses distribution, HDL composition, and
HDL capacity to promote cellular cholesterol efflux
in adolescents with type 1 diabetes with fair and poor
glycemic control. Plasma levels of soluble adhesion
molecules ICAM-1 and VCAM-1 were also measured.

Methods

This cross-sectional study included patients with type
1 diabetes aged 12–16 years, attending the outpatient

diabetic clinic at the Hospital Infantil de Mexico
Federico Gomez (Mexico City, Mexico). All patients
were diagnosed according to de American Diabetes
Association criteria (17), and were on multiple dose
insulin regimens. Exclusion criteria were evidence of
thyroid dysfunction, hepatic, renal or liver disease,
chronic or acute infections, micro or macrovascular
complications, history of smoking, and use of vitamin
supplements. The healthy control subjects were
matched for age, sex, and body mass index (BMI)
with type 1 diabetes patients and were selected from a
public junior high school of Mexico City. All control
subjects included were normoglycemic, had no clinical
evidence of diabetes, thyroid, renal, or liver disease,
and were not receiving vitamin supplementation or a
specific diet at the time of the study. No patients or
controls were receiving drug therapy to modify lipid
metabolism. Parental informed written consent and
child assent were obtained from all participants. The
protocol was approved by the Institutional Review
Board of the Hospital Infantil de Mexico Federico
Gomez (HIM-2009-019). Sample size was calculated to
detect differences in size of HDL subclasses based on a
previous study by Gallo et al. (16), with 80% power and
a 5% significance level. The required sample size was
24 subjects in each group. This number of patients was
also suitable to detect a difference in cholesterol efflux.

Measurements

In all participants a questionnaire was applied and
weight (kg), height (m), waist circumference (cm), and
blood pressure (BP) were measured. BP was measured
using the auscultatory method. Systolic and diastolic
blood pressure (SBP and DBP) were assessed after
subjects had been seated for at least 10 min, using
an appropriate cuff size for each participant. Three
readings were recorded for each individual and the
average of the second and third measurements was
used for analyses. Waist circumference was measured
with a non-stretching fiberglass tape to the nearest 0.5
cm at the midpoint between the bottom of the rib cage
and above the top of the iliac crest after a normal
exhalation. BMI was calculated by dividing weight by
height squared (kg/m2). Pubertal stage was assessed by
physical examination performed by a trained pediatric
endocrinologist using Tanner classification (18).

Venous blood samples were obtained after 10 h
overnight fast. Ethylenediaminetetraacetic acid plasma
was prepared by centrifugation at 4◦C at 2500 rpm for
20 min, and used for glucose, lipids, and lipoprotein
measurements or stored frozen at −70◦C until their
analysis. Plasma glucose, TC, TG, and HDL-C were
measured using standard enzymatic procedures in a
Hitachi 902 analyzer (Hitachi, LTD, Tokyo, Japan).
In the group with type 1 diabetes, hemoglobin A1c
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(HbA1c) levels were also measured at the same time.
Accuracy and precision of lipid measurements in our
laboratory are under periodic surveillance by the
Centers for Disease Control and Prevention service
(Atlanta, GA, USA). LDL-C was estimated by using
the Friedewald formula as modified by DeLong
et al. (19). ApoB and apoAI, were determined by
immunonephelometry on a BN Pro Spec nephelome-
ter (Dade Behring Marburg GmbH, Schwalbach,
Germany) according to the manufacturer method.
Interassay coefficients of variation were less than 6%.

For HDL subclasses, total HDL were isolated
from plasma of each adolescent by sequential
ultracentrifugation in a density of 1.21 g/mL at 4◦C
in a Beckman TL-100 ultracentrifuge. The resulting
total HDL were dialyzed against phosphate buffer (pH
7.4) and loaded into a native 4–25% polyacrylamide
gel electrophoresis (PAGE) gels. Gels were stained for
proteins with Coomasie brilliant blue R-250, scanned
and digitalized in a GS-670 Bio-Rad densitometer, and
the software Molecular AnalystTM was used for the
analysis. Migration distance intervals of each gel were
calculated by computing a standard curve of protein
stainable high molecular weight (HMW) standards
(thyroglobulin, 17 nm; ferritin, 12.2 nm; catalase, 10.4
nm; lactate dehydrogenase, 8.2 nm; and albumin,
7.1 nm) as a function of their relative migration
distance. The relative proportion of each HDL
subclass was estimated with the following size intervals:
HDL3c 7.21–7.76 nm; HDL3b 7.76–8.17 nm; HDL3a
8.17–8.77 nm; HDL2a 8.77–9.71 nm; and HDL2b
9.71–12.93 nm (20, 21). The coefficient of variation for
each subclass was less than 10%. The average HDL
particle size represents the overall distribution of the
HDL subclasses, and was calculated as the average size
of each HDL subclass interval (nm), multiplied by its
relative area under the densitometric scan. Coefficient
of variation for this determination was less than 1%.

Total protein, TC, free cholesterol (FC), phospho-
lipid (PL) and trygliceride (TG) contents of isolated
HDL were determined using commercially available
enzymatic assays in a Hitachi 902 analyzer. Cholesteryl
esters (CE) were calculated by multiplying the differ-
ence between TC and FC by 1.67 (22). Total lipoprotein
mass was calculated as the sum of total protein, CE,
FC, PL, and TG. Apolipoprotein content (AI, AIV,
and E) was evaluated semiquantitatively by sodium
dodecyl sulfate PAGE (22, 23). Samples were frozen for
approximately 6–8 months. The effects of long-term
storage on HDL subclasses have been investigated,
and no significant changes in the values obtained after
the measurement of the same samples fresh and from
short-term and long-term storage were observed. This
implies that the chemical composition has not been
altered (24).

The serum concentrations of adhesion molecules
ICAM-1 and VCAM-1 were determined by
enzyme-linked immunosorbent assay (Biosource,
San Jose, CA, USA). Coefficient of variation for this
determination was 5.7%.

Cellular cholesterol efflux was determined using
Fu5AH rat hepatoma cells following the procedure
described by de la Llera Moya et al. with
slight modifications (25). Briefly, Fu5AH cells
were maintained in minimal essential medium
(MEM) containing 5% of bovine serum, 250 000
cells/well were placed on 24-well plates and 24
h after plating radiolabeled cholesterol (1,2,6,7-3H
cholesterol; American Radiolabeled Chemicals, INC.
St Louis, MO) was added (0.5 μCi/well). Cells were
then washed and incubated for 18 h in MEM with
0.5% of bovine serum albumin. Finally, cells were
washed and incubated at 37◦C for 4 h with 2.0%
diluted serum, or isolated total HDL fractions (20
μg HDL-protein/mL or 100 μg HDL-PL/mL, as
indicated), prepared by sequential ultracentrifugation,
as previously described. Radioactivity was measured
in medium and cells, and the percentage of cholesterol
efflux calculated. All determinations were made in
triplicate. As an internal control, a total serum and
isolated total HDL were included in each plate,
obtaining CVs of 3.3 and 5.3%, respectively.

Data analysis

Data are expressed as mean ± SD or median
(maximum and minimum value) if the data
were skewedly distributed. Statistical analyses were
performed using analysis of variance or Kruskall
Wallis test for comparison. Multiple regression
analysis was performed to determine the independence
of the association between glycemic control and
HDL subclasses distribution, composition, and
functionality. All analyses were conducted using the
stata V. 11. All p-values ≤0.05 were considered
statistically significant.

Results

To assess the effect of glycemic control in HDL
subclasses distribution, composition, and function,
patients with type 1 diabetes were divided into two
groups using the median value of HbA1c (9.6%) at the
time of study. Group 1 with fair glycemic control
(HbA1c < 9.6%) included 25 patients, and group
2 with poor glycemic control (HbA1c ≥ 9.6%) was
formed with 27 patients. Clinical, biochemical, and
anthropometric characteristics of patients with type
1 diabetes according to glycemic control and non-
diabetic subjects are shown in Table 1. There were
no differences among the groups with respect to age,
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Table 1. Clinical, biochemical, and anthropometric characteristics of non-diabetic adolescents and patients with type 1
diabetes according to glycemic control

Type 1 diabetes

Group 1 Group 2
Non-diabetic (n = 43) Fair glycemic control (n = 25) Poor glycemic control (n = 27) p-Value

Age (yr) 12.88 ± 1.25 13.02 ± 1.69 13.34 ± 1.65 0.471
Sex (M/F) 17/26 8/17 12/15 0.652
Weight (kg) 47.43 ± 8.44 44.30 ± 8.73 46.33 ± 8.99 0.360
Height (m) 1.54 ± 0.09 1.50 ± 0.08 1.53 ± 0.11 0.213
BMI (kg/m2) 19.68 ± 2.32 19.50 ± 2.53 18.80 ± 4.41 0.485
WC (cm) 66.33 ± 6.92 68.00 ± 6.36 69.49 ± 6.43 0.179
Tanner stage (II–III/IV–V) 11/32 17/8* 15/12 0.015
Disease duration (yr) N/A 1.4 (0.5–10)* 5.0 (0.58–13) 0.012
Insulin dose (UI/kg/day) N/A 0.72 ± 0.33* 1.02 ± 0.25 0.002
SBP (mmHg) 100.05 ± 8.12 86.61 ± 9.82*,† 94.88 ± 12.63 <0.001
DBP (mm/Hg) 62.15 ± 6.92 56.68 ± 7.39*,† 63.30 ± 10.24 0.013
Glucose (mg/dL) 85.0 (70.0–99.0) 178.4 (69.0–414.0) 243.0 (52.0–506.0) 0.001
HbA1c% N/M 7.32 ± 1.17 11.55 ± 2.16 <0.001
Total cholesterol (mg/dL) 144.76 ± 23.73 144.94 ± 33.31 153.90 ± 36.72 0.436
Triglycerides (mg/dL) 88.13 ± 22.19 62.63 ± 15.63*,† 85.45 ± 42.42 0.001
LDL-C (mg/dL) 78.22 ± 18.98 74.86 ± 27.05 84.63 ± 31.23 0.375
HDL-C (mg/dL) 52.41 ± 11.33 55.01 ± 12.05 55.72 ± 17.5 0.563
Non-HDL-C (mg/dL) 92.34 ± 19.64 89.92 ± 32.68 98.18 ± 35.23 0.557
ApoAI (mg/dL) 123.35 ± 20.22 119.95 ± 16.74 122.91 ± 24.31 0.815
ApoB (mg/dL) 47.64 ± 12.15 47.00 ± 15.46* 60.25 ± 21.24† 0.008
ApoB/apoAI ratio 0.39 ± 0.11 0.39 ± 0.12* 0.50 ± 0.19† 0.011

Apo, apolipoprotein; BMI, body mass index; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; N/A, not applicable; N/M, not measured; SBP, systolic blood pressure; WC, waist
circumference.
Data are expressed as mean ± SD, median (minimum and maximum value), and frequencies.
*p ≤ 0.05 vs. group 2.
†p ≤ 0.05 vs. non-diabetic.

sex, BMI, and WC. Tanner stage was more advanced
in non-diabetic controls compared to adolescents with
type 1 diabetes. Disease duration was longer and insulin
dose was higher in type 1 diabetes group 2 compared
to group 1. Type 1 diabetes group 1 had significantly
lower levels of SBP, DBP, and TG than those of group
2 and non-diabetic adolescents. The highest values of
apoB and of the apoB/apoAI ratio were observed in
the poor glycemic control group.

Although HDL-C levels were comparable in the
three groups (Table 1), the unadjusted analysis
(Table 2) showed that patients with fair glycemic
control were characterized by the highest proportions
of large (HDL2b and HDL2a) and lowest proportions
of small HDL subpopulations (HDL 3b and HDL3c)
and, as a result of the shift toward large HDL
particles, by the highest mean HDL particle size, with
the differences being significant particularly when
compared with the poor glycemic control group. HDL
subclasses distribution was similar in group 2 patients
and non-diabetic adolescents. Except for a significantly
higher proportion of TG in HDL from group 2 com-
pared with that in HDL from group 1, the unadjusted
analysis showed no differences in percent content of

HDL lipids (FC, PL, CE, and TC) or apolipoproteins
(AI, AII, AIV, and E) among the three groups.

In spite of differences in HDL subclasses distribution
and HDL triglyceride content between patients with
fair and poor glycemic control, no differences in the
ability of HDL to promote cholesterol efflux from
Fu5AH cells to total serum or to isolated HDL,
adjusted either for protein content or for PL content,
were observed among the groups. Compared with non-
diabetic subjects and patients from group 1, patients
from group 2 had increased plasma levels of soluble
adhesion molecules ICAM-1 (p < 0.001) and VCAM-1
(p = 0.05) (Table 2).

To better assess the effect of glycemic control on
the HDL subclasses distribution and composition,
cholesterol efflux capacity, and adhesion molecules
levels, we performed a multiple linear regression
analyses in which non-diabetic adolescents were
considered as a reference. Poor glycemic control in
adolescents with type 1 diabetes was associated with
a lower proportion of HDL2b subclass (p = 0.029),
TG enriched (p = 0.045) and CE depleted (p = 0.028)
HDL particles (Table 3), and to increased ICAM-1
levels (p = 0.031) (data no shown). These associations
were independent of age, sex, Tanner stage, diabetes
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Table 2. HDL subclasses distribution, HDL chemical composition, and functionality in non-diabetic subjects and adolescents
with type 1 diabetes according glycemic control

Type 1 diabetes

Group 1 Group 2
Non-diabetic (n = 43) Fair glycemic control (n = 25) Poor glycemic control (n = 27) p-Value

HDL subclasses distribution
HDL2b (%) 13.45 ± 3.41 16.57 ± 3.21*,† 13.28 ± 3.29 0.001
HDL2a (%) 22.70 ± 2.55 24.32 ± 1.59† 22.59 ± 3.00 0.025
HDL3a (%) 27.70 ± 2.31 27.32 ± 2.56 27.52 ± 2.14 0.818
HDL3b (%) 22.82 ± 2.71 20.58 ± 1.95*,† 22.77 ± 2.94 0.003
HDL3c (%) 13.30 ± 2.82 11.15 ± 3.21† 13.81 ± 3.71 0.011
HDL size (nm) 8.82 ± 0.13 8.95 ± 0.12*,† 8.81 ± 0.15 <0.001

HDL composition
Total protein (%) 46.75 ± 3.62 47.09 ± 5.68 47.76 ± 6.21 0.939
Phospholipids (%) 26.69 ± 2.00 26.94 ± 2.88 26.60 ± 3.48 0.887
Triglycerides (%) 2.93 ± 0.66 2.57 ± 0.67† 3.22 ± 1.08 0.018
Cholesteryl esters (%) 20.23 ± 1.92 19.73 ± 2.54 19.29 ± 2.79 0.435
Free cholesterol (%) 3.37 ± 0.45 3.65 ± 0.49 3.41 ± 0.70 0.072

HDL apolipoproteins
ApoAI (%) 46.11 ± 7.15 47.73 ± 6.22 46.07 ± 4.51 0.575
ApoAII (%) 24.07 ± 4.40 23.41 ± 4.78 24.40 ± 4.61 0.662
ApoAIV (%) 6.55 ± 3.09 6.31 ± 2.57 5.85 ± 2.19 0.655
ApoE (%) 5.72 ± 1.60 6.18 ± 2.25 6.28 ± 2.55 0.678

Cholesterol efflux
To total serum (%) 13.10 ± 3.45 14.12 ± 2.90 12.22 ± 3.39 0.286
To isolated HDL (%)‡ 7.02 ± 2.60 6.55 ± 1.86 6.33 ± 1.77 0.499
To isolated HDL (%)§ 6.61 ± 3.51 5.40 ± 1.93 5.33 ± 1.82 0.144

Adhesion molecules
ICAM-1 (ng/mL) 288.09 ± 75.02 349.50 ± 98.33† 444.58 ± 141.36* <0.001
VCAM-1 (ng/mL) 1048.96 ± 304.89 972.66 ± 346.76† 1218.25 ± 380.51 0.050

Apo, apolipoprotein; HDL, high-density lipoprotein; ICAM-1, intercellular adhesion molecule-1; VCAM-1, vascular adhesion
molecule-1.
Data are expressed as mean ± SD.
*p ≤ 0.05 vs. non-diabetic.
†p ≤ 0.05 vs. group 2.
‡Adjusted for protein content.
§Adjusted for phospholipid content.

duration, and insulin dose. No associations between
glycemic control and the levels of VCAM-1 or the HDL
capacity to induce cholesterol efflux were observed.

Discussion

This study showed that compared to adolescents
with type 1 diabetes with fair glycemic control,
patients with poor glycemic control had higher levels
of SBP, DBP, and TG. However, this metabolic
profile of adolescents with poorly controlled diabetes
was not different from that of normoglycemic
controls. In multivariate regression analyses, poor
glycemic control was associated with lower levels
of large HDL 2b, and abnormal HDL composition
characterized by TG enrichment and CE depletion
compared to normoglycemic controls. In spite of
these HDL changes, cholesterol efflux was similar
in normoglycemic controls and in the two groups of
adolescents with type 1 diabetes. One additional finding
was that adhesion molecule ICAM-1 was higher in
patients with poor control type 1 diabetes.

As in our adolescent patients with fair glycemic
control, increased level of large HDL, and higher HDL
particle size have been previously reported in adults
(14) and children (16) with type 1 diabetes, compared
with non-diabetic subjects. The shift to larger HDL
subclasses in these patients may be explained by the
higher PL transfer protein activity in patients with
diabetes (14), or by a slow catabolism of HDL in these
patients (26). Our results in diabetic adolescents of
group 2 also confirm previous reports on adult patients
showing that poor glycemic control is significantly
associated with higher levels of small HDL, reduced
levels of large HDL, and lower HDL size (15, 27). Thus
poor glycemic control is associated to abnormalities in
HDL subclasses in both adults and children.

Despite an extensive search, we were unable to find
studies on HDL composition in pediatric populations
with type 1 diabetes. Studies in type 1 diabetes adult
patients with poor glycemic control showed decreased
esterified cholesterol to triglyceride ratio in HDL,
indicating lower content of CE and higher content
of TG in HDL particles (28, 29). Our findings of higher

Pediatric Diabetes 2013: 14: 399–406 403



Medina-Bravo et al.

Table 3. Effect of glycemic control on HDL subclasses distribution and composition in adolescents with type 1 diabetes

Group 1 Group 2
Fair glycemic control Poor glycemic control

Non-diabetic Coefficient 95% CI p-Value Coefficient 95% CI p-Value R2

HDL subclasses
HDL2b (%) Referent 0.82 −1.49, 3.14 0.482 −3.40 −6.44, −0.36 0.029 0.41
HDL2a (%) Referent 0.27 −1.49, 2.03 0.761 −1.97 −4.28, 0.33 0.092 0.26
HDL3a (%) Referent 1.00 −0.68, 2.69 0.238 2.10 −0.10, 4.31 0.061 0.11
HDL3b (%) Referent −0.90 −2.68, 0.87 0.317 1.90 −0.42, 4.23 0.107 0.39
HDL3c (%) Referent −1.23 −3.49, 1.03 0.281 1.35 −1.60, 4.31 0.364 0.15
HDL size (nm) Referent 0.16 0.05, 0.27 0.003 0.02 −0.08, 0.12 0.698 0.40

HDL composition
Total protein (%) Referent 1.00 −2.54, 4.55 0.574 2.52 −2.57, 7.62 0.328 0.03
Phospholipids (%) Referent −0.10 −0.95, 0.74 0.804 −0.36 −1.60, 0.88 0.561 0.04
Triglycerides (%) Referent −0.05 −0.59, 0.49 0.858 0.80 0.01, 0.58 0.045 0.20
Cholesteryl esters (%) Referent −1.31 −2.98, 0.34 0.121 −2.69 −5.09, −0.30 0.028 0.20
Free cholesterol (%) Referent 0.18 −0.19, 0.55 0.342 −0.17 −0.71, 0.36 0.522 0.13

HDL, high-density lipoprotein.
Values were estimated from linear regression analyses adjusted for age, sex, Tanner stage, disease duration and insulin dose.
Regression coefficients are change in outcome variable (HDL subclasses or composition) in each group with type 1 diabetes
compared to non-diabetic subjects.

TG proportion and less CE in HDL from adolescents
with type 1 diabetes and poor glycemic control are
consistent with the results in the those studies. This
abnormal HDL composition may be attributed to an
increased CE transfer from HDL to apoB-containing
lipoproteins in patients with type 1 diabetes (29).
However, the biological significance of these findings
in terms of cardiovascular risk is uncertain, because in
our study the changes in HDL subclasses distribution
and lipid composition did not affect HDL function as
assessed by their ability to efflux cholesterol.

Dysfunctional endothelial cells produce increased
amounts of cellular adhesion molecules that mediate
attachment and transmigration of leukocytes across
the endothelial surface and represent an early stage in
atherogenesis (30). Consistent with previous studies
showing increased levels of adhesion molecules in
adolescents with type 1 diabetes that were positively
related to HbA1c (31–33), our data show that ICAM-
1 and VCAM-1 concentrations are associated with
hyperglycemia, which has been shown to increase
formation of advanced glycation end products that
impair endothelial function (34).

There are no previous studies on cholesterol efflux in
children and adolescents with type 1 diabetes. In adult
patients with type 1 diabetes and moderate hyperc-
holesterolemia, de Vries et al. (35) reported increased
cholesterol efflux out of Fu5AH rat hepatoma cells
compared with healthy subjects. In that study no cor-
relation was found between HbA1c and cholesterol
efflux. In our adolescents with type 1 diabetes, the
results show that cholesterol efflux to whole serum or
to isolated total HDL using the same cellular system,
were similar in patients with fair and poor glycemic

control and in non-diabetic adolescents. A possible
explanation for the differences between the two studies
is the composition of HDL particles. It has been shown
that the ability of plasma to promote cholesterol efflux
mediated by the SR-BI in Fu5AH cells is largely depen-
dent on mature PL rich HDL particles (36). Compared
to controls, adults with type 1 diabetes had significantly
higher HDL PLs (35), whereas in our adolescents no
difference was observed in PL content of HDL between
patients with diabetes and controls. Together, our
results and those reported in adults (35) suggest that
the higher CHD risk in patients with type 1 diabetes is
not mediated by abnormalities in cholesterol efflux.

Our study has some potential limitations. First, its
cross-sectional nature does not allow us to establish
a causal relationship between poor glycemic control
and HDL abnormalities. Second, HbA1c was not
measured in non-diabetic controls. However, their
glucose levels were normal and they had no symptoms
of diabetes before or at the time of the study. Also, our
median value of HbA1c was high (9.6%) and the use of
this cutoff point to divide patients into fair and poor
glycemic control groups is arbitrary. However, taking
into account that glycemic control is particularly
difficult in adolescents and that some previous studies
have used a similar HbA1c value to separate patients
in good and poor glycemic control, we feel that the
use of this cutoffs in acceptable.

In conclusion, in adolescents with type 1 diabetes,
poor glycemic control is associated to increased levels
of adhesion molecules and to abnormalities in HDL
subclasses distribution and HDL lipid composition,
but HDL function as assessed by cholesterol efflux is
normal.
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