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Decreased High-Density Lipoprotein (HDL) Particle Size,
Pref3-, and Large HDL Subspecies Concentration in Finnish
Low-HDL Families

Relationship With Intima-Media Thickness

Hiroshi Watanabe, Sanni Soderlund, Aino Soro-Paavonen, Anne Hiukka, Eeva Leinonen,
Corradina Alagona, Riitta Salonen, Tomi-Pekka Tuomainen, Christian Ehnholm,
Matti Jauhiainen, Marja-Riitta Taskinen

Objective—High-density lipoprotein (HDL) cholesterol correlates inversely with the risk of coronary heart disease (CHD).
The precise antiatherogenic mechanisms of HDL subspecies are not thoroughly elucidated. We studied the relationship
between carotid intima-media thickness (IMT) and HDL subspecies distribution in Finnish families with low HDL

cholesterol and premature CHD.

Methods and Results—Altogether, 148 members of Finnish low-HDL families and 133 healthy control subjects
participated in our study. HDL particle size was significantly smaller in affected family members (HDL =10th Finnish
age-sex specific percentile) compared with unaffected family members and control subjects (9.1£0.04 nm versus
9.5+0.05 nm, P<<0.0001, versus 9.80.03 nm, P<<0.0001 [mean=*SE]). Large HDL,, particles as well as pre-HDL
concentration were significantly decreased among the affected family members. Mean IMT was significantly higher in
the affected family members than in the control subjects (0.85=0.01 mm versus 0.79£0.01 mm; P<<0.0001). Age,
HDL,,, systolic blood pressure, and pre3-HDL were significant independent determinants of mean IMT.

Conclusions—The decreased levels of HDL,, and pre-HDL reflect the potentially efflux-deficient HDL subspecies
profile in the affected low-HDL family members. Decreased HDL particle size caused by the decrease of plasma
concentration of HDL,, and decreased pre3-HDL levels correlate with increased IMT. (Arterioscler Thromb Vasc Biol.

2006526:897-902.)
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pidemiological studies have shown that low level of

high-density lipoprotein (HDL) cholesterol is an inde-
pendent predictor of coronary heart disease (CHD).!> Al-
ready, a small 0.03-mmol/L (1 mg/dL) increase in total HDL
cholesterol (HDL-C) level is associated with a 2% to 3%
decline in cardiovascular risk.>* HDL particles are classified
into several subspecies differing in their composition, size,
charge and function. Based on the electric charge, HDL can
be separated into pre[3-HDL, a-HDL, and prea-HDL. Pref3-
HDL can be separated into 3 major subspecies, pref3;, pref3,
and pref;-HDL, whereas a-HDL can be separated into
HDL,y, 24 345 3, and 3. according to particle size.>® At present,
the reverse cholesterol transport (RCT) process, which re-
moves excess cholesterol from peripheral cells to the liver for

excretion, is considered one of the most important antiathero-
genic functions of HDL.7# The initial step of RCT is
cholesterol efflux, in which the ATP-binding cassette trans-
porter A1 (ABCA1) mediates efflux of cellular cholesterol to
preB-HDL,” and ATP-binding cassette transporter Gl
(ABCG1) stimulates efflux to larger HDL particles, espe-
cially to HDL,.'° The discovery of ABCG1 directing cellular
cholesterol to large HDL particles'® has focused current
attention on the role of HDL subspecies in the prevention of
atherosclerosis.

Evaluation of carotid intima-media thickness (IMT) using
ultrasonography is a validated quantitative method for assess-
ing the presence and severity of atherosclerosis,'! and a close
relationship has been observed between IMT and the inci-
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dence of CHD.!'>-'# To investigate the association of different
HDL subspecies with early atherosclerosis in Finnish low-
HDL family members, we measured the distribution of HDL
subspecies HDL,, 5., 34, 3, and ;. using polyacrylamide native
gradient gel electrophoresis, quantitated proportion of pref3-
HDL particles by crossed immunoelectrophoresis, and mea-
sured carotid IMT by ultrasonography. Altogether, 148 low-
HDL family members and 133 normolipidemic control
subjects participated in the study.

Materials and Methods
Study Subjects

The study subjects were recruited from multigenerational, carefully
characterized pedigrees with low HDL-C and premature CHD. The
pedigrees were recruited in Helsinki and Turku University Central
Hospitals in Finland as described previously.!>-'¢ For the inclusion
criteria of the probands, please see online data supplement I,
available at http://atvb.ahajournals.org.

Altogether, 281 subjects participated in the study, including 148
family members from 50 low-HDL families and 133 normolipidemic
healthy subjects. The mean number of family members from each
participating family was 3 (range 1 to 10); 41 families contributed
=4 members to this study. Based on their HDL-C level, family
members were categorized as affected (HDL-C =10th Finnish
age-gender specific percentile;'”-'8 n=83) or unaffected (n=65). In 5
families, we allowed the proband to be hypertriglyceridemic. These
families contributed 12 subjects altogether to this study. The control
group contained 10 healthy spouses from low-HDL families and 123
healthy volunteers. At the time of the sample collection, 34 affected
family members, 4 unaffected family members, and 2 control
subjects were using B-blockers; 19 affected family members and 2
unaffected family members were using statins. Subjects using other
medications potentially affecting HDL metabolism were excluded.
Each study subject gave written informed consent before participat-
ing in the study. All samples were collected in accordance with the
Helsinki declaration and the ethics committees of the participating
centers approved the study design.

Measurements

Venous blood samples were obtained after an overnight fast. Serum
and EDTA plasma were separated by centrifugation and stored at
—80°C until analysis. For the measurements of lipids, apolipopro-
teins and glucose, please see online data supplement II.

We measured the relative distribution of HDL subspecies 2b, 2a,
3a, 3b, and 3c by gradient gel electrophoresis in 78 affected and 59
unaffected low-HDL family members and in 127 control subjects.
We used a lipoprotein fraction separated from plasma by ultracen-
trifugation in density of 1.210 g/mL. Samples of 5 L. were loaded
into a native 4% to 22% polyacrylamide gradient gel (10X 10.5 cm).
All gels were prepared in the laboratory. We used high molecular
weight (HMW) calibration kit for native electrophoresis from Phar-
macia for standardization. Gels were stained 1 hour with Coomassie
blue G-250 and destained overnight with acetic acid. Stained gels
were analyzed with ImageMaster 1D software (version 4.00; Amer-
sham Pharmacia Biotech). The diameter of each lipoprotein band
was calibrated by computing a log-linear standard curve of the
protein-stainable HMW standards as a function of their relative
migration distance.>¢

The quantification of pref-HDL was performed by crossed
immunoelectrophoresis'® in 63 affected and 46 unaffected family
members and in 89 control subjects. Areas under the immunopre-
cipitate curves were measured after staining. The pref3-HDL area is
expressed as a percentage of the sum of a-HDL and pre3-HDL
areas. Pre3-HDL concentration is given in absolute amount (milli-
grams of apolipoprotein A-I [apoA-I] present in pre3-HDL particles
per liter serum).

B-mode ultrasound imaging was used to measure the intima-media
complex of carotid artery wall with a Hewlett Packard Image Point

M2410A ultrasound system (Hewlett Packard) as previously de-
scribed.!®20 IMT was measured in 65 affected and 47 unaffected
family members and in 105 control subjects. The Prosound software
(Caltech) was used to measure IMTs from ultrasound images.?!
Intrareader variability was assessed by reading the scannings of 10
study subjects twice. The coefficient of variation between the mean
IMT of the paired scans was 1.0%, and the absolute difference
0.014x0.018 mm, respectively. The readers were blinded for the
identities of the study subjects.

Statistical Methods

The statistical comparisons of clinical and biochemical parameters
were performed with JMP 5.01 for Windows (SAS Institute Inc.).
Results are expressed as mean=SE for continuous variables and as
frequencies or percentages for categorical variables. The normality
of each variable distribution was tested by Kolmogorov—Smirnov
test and variables with skewed distribution were log,, transformed
before the analyses, but the values in text, tables, and figure are
presented as nontransformed. Continuous variables were compared
between control subjects and family members by general linear
model, univariate ANCOVA, and between unaffected and affected
family members by random effects model to adjust for dependence
among the family members. P<<0.05 was considered significant
(2-tailed). The frequency distribution of the categorical variables was
compared between the groups with the x* test. The relationships of
the characteristics were examined by Pearson correlation and Spear-
man correlation analysis as appropriate. Multivariate stepwise linear
regression analysis was performed to determine the relative contri-
bution of different parameters to the mean IMT. Independent
variables were removed from the model until the best-fitting model
with the maximum adjusted multiple R* was achieved. All values
used in the comparisons with control subjects and in correlation
analyses were adjusted for age and gender because of the differences
between the study groups.

Results

Table 1 shows the biochemical and clinical characteristics of
the study subjects. Altogether, 35 family members had CHD.
Among these, 33 were affected (31 probands) and 2 were
unaffected. The affected family members had significantly
higher body mass index (BMI), waist circumference, triglyc-
erides (TGs), and apoB and significantly lower HDL-C,
apoA-I, apoA-II, and total cholesterol (TC) than the control
subjects. Compared with the unaffected family members, the
affected family members were older and had significantly
higher BMI, waist circumference, TGs, apoB, and fasting
glucose and significantly lower TC, HDL-C, apoA-I, and
apoA-IL.

Table 2 displays the HDL subspecies distribution. HDL
particle size was markedly smaller in the affected family
members than in the unaffected family members and control
subjects. (For a figure, please see online data supplement III.)
The amount of protein (as percentage) of integration area of
HDL,, was significantly lower, whereas that of HDLs,
HDL;,, and HDL,. was significantly higher in the affected
family members than in the unaffected family members and
in the control group. The greatest difference was demon-
strated in HDL,,, with a reduction of ~50% in the affected
family members compared with the control group. Interest-
ingly, when the unaffected family members were compared
with the control subjects, they had significantly smaller HDL
particle size, and their relative amount of HDL,, was signif-
icantly reduced. Moreover, the relative amounts of HDLs;,
HDL,,, and HDL,;. subspecies were significantly increased in

Downloaded from atvb.ahajournals.org by on December 11, 2008


http://atvb.ahajournals.org

Watanabe et al

Correlation Between HDL Subspecies and IMT 899

TABLE 1. Characteristics of the Study Subjects

Control Subjects Unaffected Family Members  Affected Family Members P Value 1 P Value 2 P Value 3

n=133 (91 men/42 women) n=65 (32 men/33 women) n==83 (60 men/23 women)

CHD, n (%) 0(0) 2(3.1) 33(39.8)
Age, years 50.5+1.1 40.6+1.6 47.8+1.5 <0.0001 NS <0.0005
BMI, kg/m? 24.7+0.3 24.7+0.4 27.2+0.4 NS <0.0001 <0.001
SBP, mm Hg 125+1 1312 127+2 <0.005 NS <0.05
DBP, mm Hg 78+1 82+1 80+1 <0.005 <0.05 NS
Waist, cm 85.3+0.8 87.6+1.2 93.9+1.0 <0.05 <0.0001 <0.001
TC, mmol/L 5.03+0.08 5.24+0.12 4.76+0.10 NS <0.05 <0.01
TG, mmol/L 0.93+0.06 1.17+0.08 1.68+0.07 <0.005  <0.0001 <0.01
HDL-C, mmol/L 1.55+0.03 1.43+0.04 0.94+0.04 <0.05 <0.0001  <0.0001
LDL-C, mmol/L 3.05+0.07 3.29+0.10 3.06+0.09 <0.05 NS NS
ApoA-1, mg/dL 143+2 139+2 115+2 NS <0.0001  <0.0001
ApoA-Il, mg/dL 36+1 361 321 NS <0.0001  <0.0001
ApoB, mg/dL 89+2 96+3 1063 <0.05 <0.0001 <0.05
Glucose, mmol/L 4.94+0.06 4.70+0.09 5.05+0.08 <0.01 NS <0.05

DBP indicates diastolic blood pressure.

Pvalue 1: Between control subjects and unaffected; P value 2: between control subjects and affected; P value 3: between unaffected and affected.
Values are mean=SE. All values used in the comparisons with control subjects were adjusted for age and gender. Means, SEs, and P-values 1

and 2 are from ANCOVA; P value 3 from random effects model.

the unaffected family members compared with the control
subjects.

Pre-HDL concentration was significantly lower in the
affected family members compared with the levels detected
in the unaffected family members and in the control group
(Table 2; for a figure, please see online supplement III).

Mean IMT was significantly higher in the affected family
members than in the control subjects (0.85+0.01 mm versus
0.79%+0.01 mm; P<<0.0001). However, no significant differ-
ence was observed in mean IMT between the affected and
unaffected family members (0.85+0.01 mm versus
0.82+0.02 mm; see the figure in online data supplement III).

Table 3 shows the results of the correlation analyses
between mean IMT and clinical parameters in all subjects.
Mean IMT showed a significant positive correlation with
age, systolic blood pressure (SBP), HDL;,, and HDLs;,
(Table 3; Figure, D). It correlated inversely with HDL-C,
HDL particle size, HDL,,, and pre3-HDL level (Table 3;
Figure, A through C).

TABLE 2. HDL Species of the Study Subjects

Stepwise regression analysis was performed in the pooled
study sample to test the relative contributions of different
variables to IMT. Age, gender, blood pressure, BMI, TC,
TGs, HDL-C, pre3-HDL, HDL particle size, the amount of
protein (as percentage) of integration area of HDL subspe-
cies, low-density lipoprotein (LDL) cholesterol, apoA-I,
apoA-II, apoB, and fasting glucose were used for independent
variables. The remaining variables in the final model included
age, HDL,,, SBP, and preB-HDL concentration, with the
adjusted multiple R* of 0.62 (Table 4).

Discussion
We measured HDL particle size and the proportions of
different HDL subspecies in low-HDL family members and
control subjects to clarify the influence of HDL subspecies
distribution on the degree of atherosclerosis as measured by
IMT. To the best of our knowledge, this is the first study to
quantitate specific HDL subspecies, HDL particle size, and
pre3-HDL concentrations simultaneously in the same cohort.

Control Subjects  Unaffected Family Members  Affected Family Members P Value 1 PValue 2 P Value 3
Percentage of preB-HDL, % 15.3+0.5 15.0+0.6 13.2+0.5 NS <0.005 NS
PreB-HDL, mg/L 221.8+8.3 216.7=10.7 153.9+8.5 NS <0.0001  <0.0001
HDL particle size, nm 9.8+0.03 9.5+0.05 9.1+0.04 <0.0001  <0.0001 <0.0001
HDLy,, % 37.9%+1.0 29.1+15 18.2+1.3 <0.0001  <0.0001 <0.0001
HDLy,, % 28.1+0.4 28.7+0.6 26.8+0.6 NS NS NS
HDL;,, % 23.7x0.6 26.9+0.8 31.6+0.7 <0.005 <0.0001  <0.0001
HDLj,, % 7.9+0.4 11.7+0.6 17.9+0.6 <0.0001  <0.0001 <0.0001
HDLg, % 2.3+0.2 3.5+0.3 55+0.3 <0.0001  <0.0001 <0.001

Pvalue 1: Between control subjects and unaffected; P value 2: between control subjects and affected; P value 3: between unaffected and affected.
Values are mean=SE. All values used in the comparisons with control subjects were adjusted for age and gender. Means, SEs, and P-values 1

and 2 are from ANCOVA; P value 3 from random effects model.
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TABLE 3. Relationship of IMT With Clinical Parameters by
Univariate Regression Analysis

TABLE 4. Relationship of Mean IMT With Clinical Parameters
by Multivariate Regression Analysis

R P Value B SE P Value
Age 0.76 <0.0001 Age 0.0096 0.0008 0.0001
HDL-C -0.23 <0.05 HDLy, —0.0071 0.0021 0.0002
SBP 0.32 <0.005 SBP 0.0024 0.0006 0.0046
Pre3-HDL —0.29 <0.01 Pre3-HDL —0.0003 0.0001 0.0359
HDL particle size —0.26 <0.05 HDL particle size —0.0042 0.0066 0.0759
HDL,y —0.31 <0.01 Age, gender, blood pressure, BMI, TC, TGs, prep-HDL, HDL-C, HDL particle
HDLs, 0.25 <0.05 size, the protein percentage of integration areas of HDL subclasses, LDL
HDLy, 0.28 0,05 cholesterol, apoA-I, apoA-II, apoB, and fasting glucose were used as predictor

All values used in the analyses were adjusted for age and gender.

HDL particle size was markedly smaller in the affected
family members than in the unaffected family members or
control subjects. Pre3-HDL concentration and percentage of
HDL,, were significantly lower, whereas percentages of
HDL,,, HDL;,, and HDL;, were significantly higher in the
affected family members compared with the 2 other groups.
This is in accordance with previous studies, which have
shown that large HDL particles are decreased in subjects with
low HDL.?2-24 Large HDL particles were also decreased in
hypertriglyceridemic subjects.?>2> However, the present af-
fected low-HDL family members showed only a moderate
elevation of TGs, suggesting that the changes in HDL
subspecies may not be explained by elevation of serum TGs
only. This is further supported by the fact that the unaffected
family members showed qualitatively similar changes in
HDL profile despite a comparable TG level with control
subjects. We propose that the observed changes of HDL
profile may reflect also an exposure to genetic components
regulating the distribution of HDL subspecies. Interestingly,
recent data suggest that changes of HDL subspecies may
provide better phenotypes than only HDL-C levels.2¢-27
HDL particle size was markedly smaller in the affected
low-HDL family members than in the control subjects.
Recently, larger HDL particle size has been shown to asso-
ciate with exceptional longevity.?® In contrast, reduced HDL
particle size is a feature of the high-TG/low-HDL profile in
subjects with abdominal obesity.?® Thus, HDL particle size
may be a relevant marker of the atherogenic lipid profile.
The most important antiatherogenic function of HDL is
considered to be its role in RCT,?-8 in which ABCA1 mediates
efflux of cellular cholesterol to pre3-HDL® and ABCGI1

B
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g E o Cl

0.6 s B
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variables.

stimulates efflux to larger HDL particles, especially to
HDL,.'° Wang et al hypothesize that ABCG1-mediated efflux
could be more important in preventing CHD because most of
the plasma HDL consists of such mature HDL particles.!® Our
affected low-HDL family members had decreased propor-
tions of large HDL particles and pre3-HDL concentration,
supporting the theory of compromised efflux explaining the
elevated risk of CHD in subjects with low HDL. Furthermore,
the greatest reduction was seen in HDL,, (=50%). This
finding further supports the hypothesis of ABCGI1-mediated
efflux to large HDL species being an important mechanism
for the protective action of HDL against atherosclerosis.'? In
addition, ABCG1 prevents cellular lipid accumulation in
hepatocytes and macrophages in several tissues.’® Thus,
RCT-defective HDL subspecies distribution might be associ-
ated with increased risk of atherosclerosis in Finnish low-
HDL family members.

Most of the reported cardioprotective properties of HDL
have been associated with HDL, rather than HDL; frac-
tion.3!-32 Importantly, low levels of HDL,, together with high
levels of HDL;, have been reported to associate with high
CHD risk.32-33 Thus, changes of specific HDL subspecies may
have more significant roles in CHD risk prediction than
generally recognized. To investigate the influence of HDL
subspecies distribution on the degree of atherosclerosis in
Finnish low-HDL families, we measured IMT by ultrasonog-
raphy. The affected low-HDL family members had signifi-
cantly higher mean IMT than the control subjects. Mean IMT
tended to be higher in the affected family members than in the
unaffected family members, but the difference was not
significant. Of the traditional risk factors of CHD, age, SBP,
and HDL-C appeared to be the most important determinants

R=0.28
P <005

mean IMT (mm)

0 20 80 0 10

20 30
HDL,, (%)

HDLy, (%)

Relationship between mean IMT and HDL particle size, prepB-HDL concentration, HDL,,, and HDLg, in low-HDL family members (®) and
control group (O). A, Correlation between mean IMT and HDL particle size. B, Correlation between mean IMT and prep-HDL concentra-
tion. C, Correlation between mean IMT and HDL,,. D, Correlation between mean IMT and HDLg,.
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of IMT. Most important, adding HDL subspecies as indepen-
dent variables in the stepwise regression analysis, the data
demonstrated that among HDL subspecies, HDL,, was the
most important determinant of carotid atherosclerosis.

Moreover, stepwise regression analysis showed that pre-
HDL is also an important determinant of IMT. As discussed,
pre3-HDL acts as the primary acceptor of cellular cholesterol
in RCT. Decreased pre3-HDL concentration is one of the
major reasons to diminished cholesterol efflux capacity and
thus would promote progression of atherosclerosis.” Due to
the important role of RCT in maintaining the cholesterol
homeostasis and lowering the risk of atherosclerosis, the
regulation of HDL and HDL subspecies distribution may
directly influence the atherogenic process.

One interesting finding was the difference in HDL subspe-
cies between the unaffected low-HDL family members and
the control subjects. Although having similar HDL-C levels,
the unaffected family members had significantly smaller
HDL particle size and less HDL,,. This may reflect their risk
of developing the characteristic low-HDL profile later in life.
The unaffected family members were younger than the
affected members, and thus at least some subjects may have
been exposed to the same genotype as the affected members.
We speculate that the observed changes in HDL subspecies
distribution may be the first changes in the lipoprotein profile
leading to the lowering of HDL-C under long-term exposure.
In the context of RCT process and HDL subspecies distribu-
tion, the next important step will be to measure cholesterol
efflux from macrophages to serum withdrawn from low-HDL
family members. It would be also interesting to compare
serum cholesterol removal capacity between unaffected fam-
ily members and control subjects having similar HDL-C
levels but different HDL subspecies distribution.

One potential limitation of our study is that the correlation
analyses as well as the stepwise regression analyses were
performed in a pooled study sample. Therefore, these results
do not necessarily show the actual causality. On the other
hand, the pooling of the different groups together gives us a
wider range of these biological parameters, which, in turn,
facilitates the interpretation of the outcome in the present
study. Another drawback is the relatively small sample size.
This is partly because of the exclusion of a large number of
women using estrogen. However, the family criteria were
strict and the subjects were well characterized and therefore
“analysis-wise” behaved similarly.

The effect of distribution of HDL subspecies on the
development of atherosclerosis has not been elucidated thor-
oughly. However, HDL subspecies may become a target in
the context of drug development designed to increase the
antiatherogenic species of circulating HDL levels. In this
context, the discovery of the human genetic cholesterol ester
transfer protein (CETP) deficiency typically characterized by
markedly increased HDL levels and moderately reduced LDL
launched the design of drugs that will inhibit CETP.34-37 A
mechanistically interesting result was the observed signifi-
cant increase in HDL particle size and a decrease in small
dense LDL particles in subjects treated with the CETP
inhibitor torcetrapib.3> One relevant mechanism to explain the
protective effect of large-size HDL particles might be that

Correlation Between HDL Subspecies and IMT 901

they act as ideal free cholesterol acceptors mediated by
ABCG1.'° This suggests that rising the concentration of large
HDL particles might reflect mechanisms that may enhance
RCT and consequently reduce the risk of CHD.

In summary, our results suggest that the risk for the
development of atherosclerosis in low-HDL family members
is increased because of decrease of HDL particle size and a
general shift in HDL subspecies distribution toward small-
size HDL. The decreased levels of HDL,, and pref3-HDL
reflect the potentially efflux-deficient HDL subspecies distri-
bution in the affected low-HDL family members. These novel
findings support the hypothesis of impaired cholesterol efflux
being the mechanism underlying the importance of HDL
subspecies in preventing atherosclerosis.
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The inclusion criteria for the low HDL probands were as follows: age 30-60 years, verified coronary
heart disease, HDL-C concentration below the 10" age-gender specific Finnish population percentile
(<0.9 mmol/l in men and <1.1 mmol/l in women), total cholesterol (TC) <6.3 mmol/l in men and
<6.0 mmol/l in women, and triglycerides (TG) <2.3 mmol/l in both men and women. The age-gender
specific percentile criteria used for the classification of the subjects were derived from the
population-based survey FINRISK “2 Exclusion criteria for the probands were diabetes, significant
hepatic or renal disease, untreated hypothyroidism, or body mass index (BMI) >30 Kg/m® 3*. The
proband was required to have at least 3 accessible first-degree relatives and at least 2 affected

members were required to be in each family.
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Serum total cholesterol (TC) and triglycerides (TG) were determined with an automated Cobas Mira
analyser (Hoffman-La Roche, Basel, Switzerland) by fully enzymatic methods (Hoffman-La Roche
kits #0722138 and #0715166, respectively). Serum high-density lipoprotein cholesterol (HDL-C)
was quantified by phosphotungstic acid/magnesium chloride precipitation procedures (Hoffman-La
Roche kit #0720674). Serum low-density lipoprotein (LDL) was calculated from the Friedewald
formula [LDL=TC-(HDL-C)-TG/2.2]*. Concentrations of apolipoprotein A-1 (apoA-l),
apolipoprotein A-11 (apoA-Il) and apolipoprotein B (apoB) were measured by immunoturbidometric
methods (for apoA-lI; Wako Chemicals GmbH, Neuss, Germany, for apoA-1l; Wako Chemicals
GmbH and own polyclonal antibody produced in rabbits against human apoA-Il, and for apoB;
Orion Diagnostica, Espoo, Finland). Plasma glucose concentration was analysed by glucose
dehydrogenase method (Precision-G Blood Glucose Testing System, Medisense, Abbott, Illinois,

USA).

1. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem.

1972;18:499-502.
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Supplementary figure (supplementary data III).
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Supplementary figure legend.

Comparison of HDL particle size, pref-HDL concentration and mean IMT in affected family members,
unaffected family members and control group.

(A) HDL particle size in affected family members (n = 78), unaffected family members (n = 59) and control
group (n = 127). (B) Pref-HDL concentration in affected family members (n = 63), unaffected family
members (n = 46) and control group (n = 89). (C) Mean IMT in affected family members (n = 65),

unaffected family members (n = 47) and control group (n = 105)
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