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Cardiovascular Status of Carriers of the Apolipoprotein
A-l vianoe Mutant

The Limone sul Garda Study

Cesare R. Sirtori, MD, PhD; Laura Calabresi, PhD; Guido Franceschini, PhD;
Damiano Baldassarre, PhD; Mauro Amato, PhD; Jan Johansson, MD, PhD; Massimo Salvetti, MD;
Cristina Monteduro, MD; Roberto Zulli, MD; Maria L. Muiesan, MD; Enrico Agabiti-Rosei, MD

Background—Carriers of the apolipoprotein Agla. (@p0A-I,) mutant present with very low plasma HDL cholesterol and
moderate hypertriglyceridemia, apparently not leading to premature coronary heart disease. The objective of this study
was to establish whether this high-risk lipid/lipoprotein profile is associated with structural changes in the carotid
arteries and heart, indicative of preclinical atherosclerosis.

Methods and Results-Twenty-one A-|, carriers were compared with age- and sex-matched control subjects from the
same kindred and with 2 series of matched subjects with primary hypoalphalipoproteinemia (HA). Structural changes
in the carotid arteries were defined as the intima-media thickness (IMT) measured by B-mode ultrasound. HA subjects,
both recruited among patients attending our Lipid Clinic and blood donors, showed significant thickening of the carotids
(average IMT, 0.860.25 and 0.880.29 mm, respectively) compared with control subjects (average IMT +@&A
mm); the apoA-), carriers instead showed normal arterial thickness (average IMT 0.8 mm). Moreover, a
significantly higher prevalence of atherosclerotic plaques was found in patients and blood donors with HA (both 57%)
compared with apoAg carriers (33%) and control subjects (21%). Echocardiographic findings and maximal treadmill
ECG did not differ significantly between apo#-lcarriers and control subjects, apart from a slight increase in left
ventricular end-diastolic dimension in the carriers.

Conclusions—Despite severe HA, carriers of the apofrhutant do not show structural changes in the arteries and heart,
in contrast to HA subjects, who are characterized by a marked increase in carotid IMT and increased prevalence of
atherosclerotic plagueéCirculation. 2001;103:1949-1954.)
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he apolipoprotein Agliano (@p0OA-l,) mutation was de- to a prior study investigating the clinical conditions of the

scribed in 1980 in a family originating from Limone sul  apoA-l, carriers? This early study, conducted on all citizens
Garda in northern Italy.This apoA-I variant shows a single  >10 years of age, was clearly suggestive of a relatively low
amino acid substitution, arginine 173 to cysteine, that leads to global incidence of cardiovascular disease in the population
the formation of homodimers (AqlA-l1y) and heterodimers  and, in the carriers, of an apparent lack of clinically evident
with apoA-Il (A-1y/A-I1).2 All carriers are heterozygous for  disease despite the “atherogenic” lipoprotein phenotype.
the mutatiod and share a lipoprotein disorder characterized Twenty years later, we wanted to carry out more detailed
by very low plasma levels of HDL cholesterol with moderate cardiovascular investigations, making use of the most ad-
hypertriglyceridemi&, a condition that has been associated vanced noninvasive technologies for the evaluation of the
with a high risk of premature coronary heart disease in cardiovascular status of the apog-tarriers. In the present
numerous epidemiological studie$. study, adult carriers were compared with a double number of

The clinical status of the apoAyl carriers has been  control subjects from the same kindred and, in view of the

generally associated with a reduced cardiovascular risk. Thislipoprotein abnormality typically found in the carriers, with
conclusion was essentially based on historical data pertainingdyslipidemic patients and healthy blood donors, both charac-
to the whole Limone sul Garda population and, in particular, terized by a low HDL phenotype.
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mm distal from the flow divider that separates the external carotid
. artery and ICA. Mean values of all measurements on each carotid
Subjects segment were then calculated. Average IMT was calculated as the
All apoA-ly, carriers living in Limone sul Garda who were between average of the 6 carotid segments examined; maximum IMT was
20 and 70 years of age were asked to attend the Centro di Semeioticadefined as the largest IMT among the 6 examined segments. A lesion
Medica, University of Brescia, for a biochemical and cardiovascular was considered a plaque in the presence of an averagesM3 mm
check-up. Of the 25 eligible subjects, 21 agreed to participate in the or a maximum IMT=1.5 mm?6

study. A double number of control subjects of the same age and sex

was selected among the close relatives who were not carriers of theCardiac Echography

mutation? . . . A Echocardiographic data were obtained according to an established
Two series of subjects with hypoalphalipoproteinemia (HA), - hrotocol? by use of a Sonos 1500 echocardiographic unit equipped
defined on th_e basis of a plasma HDL cholestgrol level below the \ih 4 2.5:MHz transducer. The echocardiographic studies were
10th percentile for age- and sex-matched ltalian subfestsre performed in the morning with the subject in supine left lateral
recruited from the databases of the Lipid Clinic of the Center E. qo0pitys after 30 minutes of rest. Only 2 physicians were respon-
Grossi Paoletti (LC) and of blood donors attending the Servizio gjhe for recording the echocardiograms. Echocardiographic tracings
Immunoematologico Trasfusionale of the Niguarda Hospital in \yere recorded on light-sensitive paper at a paper speed of 50 mmis.
Milano (BD). One hundred flfty-or_le HA subjects were found inthe |, ) analyzed subjects, left ventricular (LV) mass (g); LV mass
LC database. Of these, 50 subjects were excluded because of gnqey (L \vMI, g/m?); intraventricular septal, posterior wall, and
personal history of cardiovascular or cerebrovascular disease. qjative wall thicknesses @@l mm); LV end-diastolic dimension
Among the remaining 101 HA subjects, the 21 subjects who matched (LVEDD, mm); LV end-systolic diménsion (mm); meridional end-

for sex and were the closest in age to an apgAcarrier were systolic stress (dyr&en®); ejection fraction (%); midwall fractional

recruited for the study (HA-LC). h ina (%): . Lmi leul
We found 789 HA subjects in the BD database; 81 were occa- shortening (%); and cardiac output (L/min) were calculated.

sional blood donors or their addresses were not known. Among the - -

708 remaining subjects, 121 could be matched for sex and agg to l-rr(:“":ldmIII ExerCISe ECG_ . )

of the apoA-|, carriers, but after HDL cholesterol testing in our APOA-ly carriers and appropriate control subjects exercised on a

laboratory, only 103 subjects proved to have HA. They were asked bicycle against progressive resistance (30 W every 3 minutes) until

to take part in the study if they did not have a personal history of theé maximum resistance according to age was reached. A 12-lead

cardiovascular disease. The first 21 HA subjects corresponding to ECG was recorded during the final 30 seconds of each 2-minute

each match who agreed to participate were selected for comparisonStage and every 2 minutes fer6 minutes of recovery. Exercise ECG

(HA-BD). was |nterpreted accordlng to the Minnesota Q%ﬁideart rate (bpm) _
None of the selected subjects was taking drugs known to affect Was monitored at baseline and up to maX|ma_I exercise. S_ystohc

plasma lipid/lipoprotein levels. A detailed medical history was Plood pressure (SBP, mm Hg) was also determined at baseline and

collected from all subjects, with particular emphasis on metabolic after maximal exercise. The rate-pressure product (i Hg/min)

diseases, smoking habits, and drug treatments. All subjects gaveWas calculated at baseline and after maximal exercise.

informed consent, and the procedures were approved by the Internal L.

Review Board. The Centro di Semeiotica Medica, University of Statistical Analyses

Brescia, carried out the carotid intima-media thickness (IMT) eval- Results are expressed as me&bD. Differences in means or

uation, cardiac echography studies, and cardiac stress tests. Theroportions of the different biochemical and cardiovascular variables

Center E. Grossi Paoletti, University of Milano, was responsible for were analyzed by ANOVA angf statistics, respectively. A value of

the biochemical evaluations and data handling. P<0.05 was considered significant.

Methods

Biochemical Methods

Results
Fasting blood samples were collected from all subjects and patients, ~,. . . .. . .
and plasma (NaEDTA, 1 mg/mL) was prepared by low-speed  <linical Characteristics of Participating Subjects

centrifugation. Plasma total cholesterol, triglycerides, and glucose 1Wwenty-one adult carriers of the apof-inutant and 42 age-
were determined with standard enzymatic techniques by use of aand sex-matched control subjects from the large appA-I
Roche diagnostic Cobas autoanalyzer. Plasma HDL cholesterol kindrect were recruited for the study. Two groups of 21 HA
levels were measured after precipitation of the apoB-containing subjects without symptomatic cardiovascular disease were

lipoproteins by dextran sulfate—MgC ApoA-I, apoA-Il, and apoB . . L
levels were determined by immunoturbidimetry with commercially S€léctéd among those attending the E. Grossi Paoletti Lipid

available polyclonal antibodies. Lipoprotein(a) concentrations were Clinic (HA-LC) and from a large database of blood donors
measured by a sandwich ELISAPlasma lipoproteins were sepa-  (HA-BD), again with the same age and sex distribution as
rated by Sequentlal uItracentrlfugatlon with a Beckman TL 100 control Subjects and apo)%_barriers_ These last 2 groups of

ultracentrlfuge equped Wl_th a TL 100.3 rotor, and the chol_esterol subjects underwent only biochemical evaluations and IMT
content of lipoprotein fractions was measured by enzymatic tech-

niques. The apoE phenotype was determined by isoelectric Meéasurements. o .
focusingo Clinical evaluation of the 4 groups showed minimal dif-

) ferences in body mass index, maximal in the HA-BD subjects
Carotid Ultrasonography and lowest in the control subjects (Table 1). The average

High-resolution B-mode carotid ultrasonography was performed fasting blood glucose level was higher in the HA-LC subjects

with a Hewlett-Packard Sonos 1500 echocardiographic unit equipped : : : }
with a 7.5-MHz imaging transducer according to a standard proto- Fhan in contrpl SUbJeCtS_’ a_lpo'%lcam?rs' and HA-BD SUb_
colat Arterial walls of the carotid arteries were investigated by 2 1€cts, who displayed similar values; none of the recruited

trained sonographers. Videotape recordings were subsequently ex-subjects had impaired fasting glucose or diabetes mellitus.
amined by 2 independent readers using morphometric software thatBlood pressure, both SBP and DBP, did not differ signifi-
allowed direct evaluation of the IM¥13 at different sites. Both cantly in the 4 groups, with the highest average SBP found in

sonographers and readers were blinded to the subject’s identity. . . -
Several measures were taken on the far wall of the common carotid the apoA, carriers and the highest DBP in the HA-LC

artery (CCA), bifurcation, and internal carotid artery (ICA) accord-
ing to previously described protocdts?>The ICA was analyzed 10

patients. The distribution of hypertension did not differ in the
4 groups, and duration ranged between 2 and 30 years; all
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TABLE 1. Demographic, Hemodynamic, Clinical, and Lipid/Lipoprotein Data in
Control Subjects, ApoA-l,, Carriers, and HA Subjects

Control ApoA-ly

Subjects Carriers HA-LC HA-BD
n 42 21 21 21
M/F 22/20 11/10 11/10 11/10
Age, y 42.3+16.7 42.2+17.5 43.0+16.9 43.6+16.6
BMI, kg/m? 24134 25.1+2.7 24.7+3.9 25.6+2.7
Glucose, mg/dL 86.8+11.8 84.1+8.9 94.9+10.0* 83.9+8.5
SBP, mm Hg 126.9+18.2 135.2+24.5 134.5+9.6 124.7+11.5
DBP, mm Hg 79.3+7.6 84.2+11.2 86.4+7.9 775+7.5
Smokers, n 17 7 6 6
Total cholesterol, mg/dL ~ 215.2+56.0 189.2+49.6 222.5+20.8 191.4+33.5
VLDL cholesterol, mg/dL 23.0+12.2 37.7+214 47.7+20.4* 30.3+10.9
LDL cholesterol, mg/dL 142.6+45.7 131.7%35.0 146.2+25.3 133.5+28.8
HDL cholesterol, mg/dL 48.7+19.8 19.8+9.8* 28.5+4.4* 27.0+6.3*
Triglycerides, mg/dL 119.8+61.5 186.0£107.2*  198.9+74.0* 141.8+£49.2
ApoA-l, mg/dL 131.7+26.6 78.5+28.1* 100.7+16.3* 96.8+13.2*
ApoA-Il, mg/dL 39.1+7.8 17.3+4.8* 25.6+5.3" 26.0+5.9*
ApoB, mg/dL 90.2+28.5 103.3+34.8 116.8+22.7* 96.9+20.7
Lp(a), mg/dL 12.8(0.1-59.7) 9.5(0.1-58.7)  10.6 (0.1-54.7)  10.3 (0.1-57.0)

BMI indicates body mass index; and Lp, lipoprotein. Data are reported as mean=SD, except for
Lp(a), which is median (range).
*Significantly different vs control subjects.

hypertensive patients, except for 1 apgA-tarrier, were carriers had the highest LDL/HDL cholesterol ratios of the 4
currently under treatment, mostly with ACE inhibitors and groups (8.1&:4.07 versus 5.2#1.22 in HA-LC and
calcium antagonists. Similarly, there was no difference in the 5.20+1.63 in HA-BD subjects), and their apoA-I/B ratios
percentage of smokers among the 4 groups. were similar to those of the HA subjects (0:88.35 versus

As expectable and as per protocol, apgAekrriers and 0.84+0.20 in HA-LC and 1.03:0.22 in HA-BD).
HA subjects showed marked reductions in HDL cholesterol-
emia (Table 1). In the apoAqsl carriers, HDL cholesterol  Intima-Media Thickness
concentrations were on average less than half of that of The average thicknesses of the 3 examined carotid segments
control subjects from the same kindred. Otherwise, choles- Were remarkably similar in apoAyl carriers and control
terol distribution did not differ significantly among the 4 Subjects (Table 2). These thicknesses are somewhat lower
groups, except for a higher average VLDL cholesterol in the than those recently reported for a geographically neighboring
HA-LC patients (Table 1). There was no significant differ- POPulation (Vobarno Study, which had slightly older partic-
ence in total and LDL cholesterol levels among the 4 groups. IPants, ie,~57 years}: In contrast, the HA subjects, regard-
Although HA-LC patients had the highest fasting triglyceride less of whether they were selected among the LC patients or

levels, their levels were not significantly different from the 2mMong BD subjects without symptomatic cardiovascular
apoA-l, carriers but were significantly higher than both disease, had markedly increased average thicknesses at the

control subjects and HA-BD subjects (Table 1). ApgA-l CCA, ICA, and bifurcation (Table 2). The average IMT was
carriers had the lowest apoA-l and apoA-Il levels, whereas

HA-LC patients had the highest apoB levels, significantly
above those of control subjects, apofearriers, and HA-BD

TABLE 2. IMT in the CCA, Bifurcation, and ICA Segments in
Control Subjects, ApoA-l, Carriers, and HA Subjects

subjects. No differences were observed between the 4 groups IMT, mm

in lipoprotein(a) levels (Table 1) and apoE allele frequency Control ApoA-

(e, €, ande, frequencies were 0.14, 0.79, and 0.07, respec Subjects Carriers HALG HABD

tively, in the apoA-|, carriers; 0.05, 0.85, and 0.10 in the oA 0632014 0612015 0782036  082-030°

control group; 0.04, 0.86, and 0.10 in the HA-LC patients; T o B e

and 0.07, 0.81, 0.12 in the HA-BD subjects). Bifurcation ~ 0.70+0.14  0.74+0.18  1.18+0.46*  1.11+0.46*
Evaluation of the lipoprotein and apolipoprotein ratios, [CA 060x0.13 ~ 060+0.11  0.76x035  0.77=0.34"

which frequently are associated with changes in cardiovas- Average 0.64+0.12  0.63+0.10  0.86*0.25"  0.88+0.29"

cular risk® showed that the LDL/HDL cholesterol ratios and  Maximum 0.83+0.12  0.89=0.36  1.86+0.68*  1.73=0.78*
apoA-I/B ratios in control subjects were both in the normal  pata are reported as mean=SD.
range (3.4%1.73 and 1.680.64, respectively). ApoAgl *Significantly different vs control subjects and ApoA-ly carriers.
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TABLE 3. Echocardiographic Findings in Control Subjects and apoA-l, carriers are characterized primarily by dramatic
ApoA-ly Carriers reductions in HDL cholesterol levels, 2 matching series of
Control ApoA-| HA individuals without symptomatic cardiovascular disease

M . .
Subjects Carriers were recruited from the LC patients and among the 13 000

BD individuals attending our hospital service.

LV mass, g 166.8+50.5 169.3+39.1 _ . : .
) The biochemical evaluation of apoy-lcarriers and HA
LVMI, g/m 61.8+21.2 57.6+12.8 .
_ subjects clearly reflected what had been the background
IVS thickness, mm 8.4x12 8212 information and purpose of the present investigation.
PW thickness, mm 77+141 74=1.1 ApoA-l,, carriers are typically characterized by reduced HDL
Relative wall thickness, mm 0.36+0.04 0.33+0.05 levels, elevated triglyceride levels, and LDL cholesterol
LVEDD, mm 50.9+4.0 52.9+3.8* levels in the normal range. The LDL/HDL cholesterol ratios
LVESD, mm 33.4+3.3 33.5+4.9 are therefore in a very-high-risk range. According to Grover
mESS, dyneZ/CmS 760i109 794i259 et a|,21 an LDL/HDL Ch0|estel’0| ra’[l(>49 deﬁnes h|gh I’Isk,
EF. % 627453 65.7-8.9 and according to the mod(_al propose_d by th_ese authors,_ there
MWES. % 161223 176230 should be an~4.3-fold difference in cardiovascular risk
o . T o between apoAy carriers and control subjects. One of the
Cardiac output, L/min 5.16+0.99 5.97+1.28 carriers (53 years of age) actually underwent an episode of
IVS indicates intraventricular septal; PW, posterior wall; LVESD, LV end- sudden cardiovascular death 6 months after the study. He had
systolic dimension; mESS, meridional end-systolic stress; EF, ejection fraction; been a heavy smoker throughout his life and had uncontrolled

and MWFS, midwall fractional shortening. Data are reported as mean=SD.

“Significantly different vs control subjects. hypertension. A similar episode had occurred earlier in this

century in an apoAy) obligate carrier (49 years of age), the

] ] . ultimate cause of death being cerebral hemorrhage. It is
~44% and 40% higher in the HA-LC and HA-BD subjects therefore apparent that the severely atherogenic lipoprotein
than in the other 2 groups, and the maximum IMT, close t0 2 ppenotype of HA in apoAg carriers is not associated with an
mm, was about twice as large as that found in the appA-l increased cardiovascular risk, confirming the initial clinical
carriers and control subjects (Table 2). A significantly higher opservations in the earlier study in Limone sul Gatda.
prevalence of atherosclerotic plaques was observed in HA p major finding in the present study was the remarkable
subjects (plagues/subjects, 12/21 in both HA-LC and HA- difference between IMT at the carotid artery level among the
BD) than in control subjects (plaques/subjects, 9/42); a 4 groups of investigated subjects. In fact, control subjects and
slightly higher, not significantly different prevalence of apoA-|, carriers did not differ in IMT, whereas HA individ
plaques was observed in the apgp-tarriers (plaques/  yals, both HA-LC patients and HA-BD individuals, had

subjects, 7/21) than in control subjects. markedly increased IMT, particularly at the level of the CCA

) . ) and bifurcation. When data from the HA individuals are
Echocardiography and Maximal Treadmill expressed as the maximum IMT, in both cases they reach
Exercise ECG values close to double those of apgfdarriers and appro

Echocardiographic findings and maximal treadmill exercise priate control subjects. IMTs in HA individuals are extremely
ECGs were essentially within normal limits and did not show ¢jpse to those recently reported in men with low HDL
any significant difference between apo@-lcarriers and  cholesterol levels but without LDL elevations who were
appropriate control subjects, except for a slight but significant participating in the secondary-prevention Veterans Affairs’
increase in LVEDD in the former (Table 3). Interestingly, HDL Intervention Trial22 In these men, in fact, who had a
apoA-|, carriers also had a17% increase in cardiac output  mean age of 64.3 years, mean IMTs for the CCA, bifurcation,
compared with control subjects from the same kindred. These and ICA were 1.16, 1.72, and 1.40 mm, respectively, with a
findings, possibly suggesting that apop-tarriers may be  mean maximum IMT. .. of 1.41 mm and a single maximum
somewhat more fit compared with control subjects from the |MT of 2.58 mm. According to a comparative evaluation

same families, were associated with a nonsignifica@6% carried out by these same authors, it appears that these
increase in the workload at maximal exercise (188 versus  findings fall in the same range as those reported in studies in
101+55 W). patients of a similar age who were characterized by LDL
) ) cholesterol elevatior®.In a recent report on hypercholester-
Discussion olemic patients, a significant negative correlation was found

Genetic, biochemical, and general clinical information on the between IMT, HDL cholesterol, and the HDL/LDL ratéA
carriers of the apoAg mutation has been provided in similar increase in the coronary atherosclerosis burden, neg-
detail>4 In contrast to other conditions associated with atively correlated with the HDL/LDL ratio, had been previ-
apoA-I/HDL abnormalities, eg, fish-eye disetser Tangier ously demonstrated in asymptomatic patients with marked
diseas&? there does not appear to be any clear association elevations of plasma cholesterol and triglyceride levels
between the apolipoprotein abnormality and any pathological through the use of intravascular ultrasound methodo#sgy.
condition? In the present investigation, quantitative data on The apoA-, carriers, despite a dramatic reduction in HDL
the cardiovascular condition are provided to investigate in cholesterol levels, thus do not differ to any extent in athero-
detail comparable series of apo@-kcarriers and control matous burden, as assessed by a highly sensitive, noninvasive
subjects from the same kindred. In addition, because the method, from close relatives living in the same environment
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with HDL levels in the normal range. Of particular interestis apoA-I in the circulation may be partly or totally responsible
the observation that asymptomatic blood donors with low for the arterial protection observed in the carriers.

HDL levels and generally normal triglyceride levels had IMT
values that were essentially identical to those of the HA-LC
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Considerable effort was expended to understand more g
clearly the mechanism whereby the apqArhutation might
be linked to the apparent cardiovascular protecti®tudies
in human carriers and transgenic mice expressing the apoA-I
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characterized by extreme reductions of HDL cholesterol

indicates that despite an atherogenic lipoprotein profile, they ;5

do not show any clear evidence of vascular disease at the
preclinical level. Comparison with a double number of
appropriate control subjects from the same kindred who al
have HDL cholesterol levels in the normal range shows that
the apoA-|, carriers have remarkably normal IMT at the
CCA level and a somewhat improved cardiac performance. In
contrast, individuals characterized by reduced HDL choles-
terolemia, selected among HA-LC patients and asymptomatic
HA-BD subjects, were characterized by a marked increase in
CCA IMT, which corresponds well with previous observa-
tions in patients with this same biochemical abnormahty.
These data confirm the hypothesis that the apgAsdrrier
status, even in a heterozygous expression, may exert some
cardiovascular protective effect. Present knowledge of the
potential therapeutic properties of the recombinant appA-I
dimer® suggests that the presence of this abnormal form of

1.

10.

12.

I 14.

15.

16.

18.

by the Istituto Superiore di Sanita (grant 96/H/T15), and by a grant
from Pharmacia AB, Stockholm.

References
Franceschini G, Sirtori CR, Capurso A, et al. #sl, apoprotein:
decreased high density lipoprotein cholesterol levels with significant
lipoprotein modifications and without clinical atherosclerosis in an Italian
family. J Clin Invest 1980;66:892—-900.

. Weisgraber KH, Rall SC Jr, Bersot TP, et al. Apolipoprotein;&b:

detection of normal Al in affected subjects and evidence for a cysteine for
arginine substitution in the variant AIJ Biol Chem 1983;258:
2508-2513.

. Gualandri V, Franceschini G, Sirtori CR, et al. fsh, apoprotein:

identification of the complete kindred and evidence of a dominant genetic
transmissionAm J Hum Genet1985;37:1083—-1097.

Franceschini G, Sirtori CR, Bosisio E, et al. Relationship of the phe-
notypic expression of the Agl.,, apoprotein with plasma lipid and
lipoprotein patternsAtherosclerosis1985;58:159-174.

. Frick MH, Elo O, Haapa K, et al. Helsinki Heart Study: primary-

prevention trial with gemfibrozil in middle-aged men with dyslipidemia.
N Engl J Med 1987;317:1237-1245.

. Cullen P, Schulte H, Assmann G. The Munster Heart Study (PROCAM):

total mortality in middle-aged men is increased at low total and LDL
concentrations in smokers but not in non smok@&isculation. 1997;96:
2128-2136.

Menotti A, Seccareccia F, Lanti M. Mean levels and distribution of some
cardiovascular risk factors in ltaly in the 1970’s and the 1980’s: the
Italian rifle pooling project, risk factors and life expectandy. Ital
Cardiol. 1995;25:1539-1572.

Warnick GR, Benderson J, Albers JJ. Dextran sulfate precipitation pro-
cedure for quantitation of high density lipoprotei@in Chem 1982;28:
1379-1388.

. Werba JP, Safa O, Michelagnoli S, et al. Plasma triglycerides and

lipoprotein (a): inverse relationship in a hyperlipidemic Italian popu-
lation. Atherosclerosis1993;101:203-211.

Franceschini G, Cassinotti M, Vecchio G, et al. Pravastatin effectively
lowers LDL cholesterol in familial combined hyperlipidemia without
changing LDL subclass pattermrterioscler Thromb 1994;14:
1569-1575.

. Muiesan ML, Pasini GF, Salvetti M, et al. Cardiac and vascular structural

changes: prevalence and relation in ambulatory blood pressure in a
middle-aged general population in Northern Italy: the Vobarno Study.
Hypertension 1996;27:1046-1052.

Pignoli P, Tremoli E, Poli A, et al. Intimal plus media thickness of the
arterial wall: a direct measurement with ultrasound imag@igculation.
1986;74:1399-1406.

Baldassarre D, Tremoli E, Amato M, et al. Reproducibility validation
study comparing analog and digital technologies for the measurement of
intima-media thicknessStroke 2000;31:1104-1110.

Bond MG, Barnes RW, Riley WA, et al. High resolution B-mode
ultrasound scanning methods in the Atherosclerosis Risk in Communities
(ARIC) cohort.J Neuroimaging1991;1:68—73.

Riley WA, Barnes RW, Bond MG, et al. High resolution B-mode
ultrasound methods in the Atherosclerosis Risk in Communities (ARIC)
cohort.J Neuroimaging1991;1:168-172.

Zanchetti A, Bond MG, Hennig M, et al. Risk factors associated with
alterations in carotid intima-media thickness in hypertension: baseline
data from the European Lacidipine Study on Atherosclerosis.
J Hypertens 1998;16:949-961.

17. Cheitlin MD, Alpert JS, Armstrong WF, et al. ACC/AHA Guidelines for

the Clinical Application of Echocardiography: a report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Committee on Clinical Application of Echocardiog-
raphy): developed in collaboration with the American Society of Echo-
cardiographyCirculation. 1997;95:1686—-1744.

Blackburn H. Classification of the electrocardiogram for population
studies: Minnesota Codd.Electrocardiol 1969;2:305-310.

Downloaded from circ.ahajournals.org by on June 8, 2007


http://circ.ahajournals.org

1954

19.

20.

21.

22.

23.

24.

25.

26.

27.

Circulation  April 17, 2001

Kuivenhoven JA, Stalenhoef AF, Hill JS, et al. Two novel molecular
defects in the LCAT gene are associated with fish eye diseade-
rioscler Thromb Vasc Biol1996;16:294-303.

Serfaty Lacrosniere C, Civeira F, Lanzberg A, et al. Homozygous Tangier 29.

disease and cardiovascular diseastherosclerosis1994;107:85-98.
Grover SA, Paquet S, Levinton C, et al. Estimating the benefits of
modifying risk factors of cardiovascular diseasech Intern Med 1998;
158:655—662.

Wilt TJ, Rubins HB, Robins SJ, et al. Carotid atherosclerosis in men with 31.

low levels of HDL cholesterolStroke 1997;28:1919-1925.

O’Leary DH, Polak JF, Kronmal RA, et al. Thickening of the carotid
wall: a marker for atherosclerosis in the elderlgtroke 1996;27:
224-231.

Sidhu PS, Naoumova RP, Maher VMG, et al. The extracranial carotid 32.

artery in familial hypercholesterolemia: relationship of intimal-medial
thickness and plaque morphology with plasma lipids and coronary heart
diseaseJ Cardiovasc Risk1996;3:61—67. 33
Nagai Y, Metter EJ, Earley CJ, et al. Increased carotid artery intimal-
medial thickness in asymptomatic older subjects with exercise-induced 3
myocardial ischemiaCirculation. 1998;98:1504-1509.

Node K, Kitakaze M, Sato H, et al. Increased release of nitric oxide in
ischemic hearts after exercise in patients with effort anginam Coll
Cardiol. 1998;32:63—68.

Franceschini G, Calabresi L, Chiesa G, et al. Increased cholesterol efflux
potential of sera from apoAal.,, carriers and transgenic micérte-
rioscler Thromb Vasc Biol1999;19:1257-1262.

28.

30.

4.

35.

36.

Franceschini G, Vecchio G, Gianfranceschi G, et al. Apolipoprotein
A-lyiano: accelerated binding and dissociation from lipids of a human
apolipoprotein variant] Biol Chem 1985;260:16321-16325.

Roma P, Gregg RE, Meng MS, et al. In vivo metabolism of a mutant form
of apolipoprotein A-l, apoA-ian., associated with familial hypoalphali
poproteinemiaJ Clin Invest 1993;91:1445-1452.

Calabresi L, Canavesi M, Bernini F, et al. Cell cholesterol efflux to
reconstituted high-density lipoproteins containing the apolipoprotein
A-l yiiano dimer. Biochemistry 1999;38:16307-16314.

Calabresi L, Vecchio G, Longhi R, et al. Molecular characterization of
native and recombinant apolipoprotein Azl dimer: the introduction

of an interchain disulfide bridge remarkably alters the physico-
chemical properties of apolipoprotein A-J. Biol Chem 1994;269:
32168-32174.

Ameli S, Hultgardh-Nilsson A, Cercek B, et al. Recombinant apoli-
poprotein A-lyiane reduces intimal thickening after balloon injury in
hypercholesterolemic rabbit€irculation. 1994;90:1935-1941.

. Soma MR, Donetti E, Parolini C, et al. Recombinant apolipoprotein

A-liano dimer inhibits carotid intimal thickening induced by perivascular
manipulation in rabbitsCirc Res 1995;76:405-411.

Shah PK, Nilsson J, Kaul S, et al. Effects of recombinant apolipoprotein
A-I(Milano) on aortic atherosclerosis in apolipoprotein E—deficient mice.
Circulation. 1998;97:780-785.

Dayuan L, Weng S, Yang B, et al. Inhibition of arterial thrombus for-
mation by apoA-lI Milano.Arterioscler Thromb Vasc Biol1999;19:
378-383.

Sirtori CR, Calabresi L, Franceschini G. Recombinant apolipoproteins for
the treatment of vascular diseaggherosclerosis1999;142:29-40.

Downloaded from circ.ahajournals.org by on June 8, 2007


http://circ.ahajournals.org

