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Abstract

To determine whether coronary atherosclerosis develops with age in asymptomatic patients with
familial hypercholesterolemia (FH) and whether long-term cholesterol-lowering therapy is effective for
primary prevention of coronary artery disease (CAD) in such patients, 13 patients with heterozygous FH
(10 men, 3 women, aged 34 to 66 years) were examined by coronary angiography, and followed up for 5.8
+3.4 years. The extent of coronary atherosclerosis was expressed as the coronary score (CS) by scoring
(0 to 5) points in each of 15 American Heart Association segments.

The mean CS was 2.4 times higher in men than in women (11.5%7.9 vs 4.7£4.2) although the mean
age was lower in the former than in the latter (51.2%£8.4 vs 57.71+0.6 years). In men, CS correlated
significantly with age (CS=0.682 X age —24.4; r=0.800, p<0.01). All patients except one had received
cholesterol-lowering agents throughout the follow-up period. The untreated patient developed CAD 7
years later. One treated patient also developed CAD, but within 6 months of enrollment in this study. The
other 11 treated patients did not develop CAD. Reexamination by coronary angiography in two of these
patients revealed no significant progression after 6-year treatment. Coronary atherosclerosis develops
with age in asymptomatic FH patients and long-term cholesterol-lowering therapy may be effective for

primary prevention of CAD in such patients.
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INTRODUCTION

Familial hypercholesterolemia (FH) is a common
hereditary disorder among patients with coronary
artery disease (CAD)'?. Familial hypercholes-
terolemia is characterized by hypercholesterolemia,
tendon xanthoma, and premature CAD*». Most pa-
tients with heterozygous FH develop CAD by age
60 years in men, and by age 70 years in women®.
Some patients with heterozygous FH do not develop
CAD, and survive to over 80 years in spite of their
high plasma cholesterol levels?. It is not clear
whether coronary atherosclerosis develops with age

Coronary artery disease, Ischemia (silent),

in asymptomatic patients with FH.
Hydroxymethylglutaryl coenzyme A (HMG-
CoA) reductase inhibitors are available for the man-
agement of hypercholesterolemia, so plasma cho-
lesterol levels can be reduced to the normal range
even in patients with FH». Cholesterol-lowering
therapy has reduced the CAD risk in non-FH pa-
tients in several epidemiological studies®'®. How-
ever, it is still not clear whether long-term choles-
terol-lowering therapy is effective for the primary
prevention of CAD in asymptomatic FH patients.
To address these questions, we examined 13
asymptomatic patients with heterozygous FH using
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Selected abbreviations and acronyms

ATT = Achilles tendon thickness
CAD=coronary artery disease

CS=coronary score

FH=familial hypercholesterolemia
HDL-C=high-density lipoprotein cholesterol
HMG-CoA =hydroxymethylglutaryl coenzyme A
LAD =left anterior descending artery

LDL =low-density lipoprotein

RCA =right coronary artery

TC=total cholesterol

TG =triglyceride

coronary angiography, and followed their clinical
courses for 5.8 3.4 years. Our data indicate that
coronary atherosclerosis develops with age in male
asymptomatic FH patients, and that long-term cho-
lesterol-lowering therapy may be effective for pri-
mary prevention of CAD in such patients.

MATERIALS AND METHODS

Subjects

Thirteen patients with heterozygous FH (10 men
and 3 women, aged 34 to 66 years, mean 53.8 8.0
years) were enrolled in this study. Participants had
diagnoses of heterozygous FH according to the cri-
teria of Mabuchi et al.” All patients were carefully
interviewed by two cardiologists independently.
None had any symptoms of angina pectoris or myo-
cardial infarction. We obtained written informed
consent from each patient before coronary angio-
graphy, agreeing to angiography in spite of the ab-
sence of symptoms of CAD because they had either
marked hypercholesterolemia, or prevalence of
CAD in their family.

Measurement of serum lipid levels

Blood samples were obtained after overnight
fasting for the measurement of serum lipid levels.
Total cholesterol (TC), and triglyceride (TG) levels
were measured by enzymatic methods, and high-
density lipoprotein-cholesterol (HDL-C) by the
polyanion method. Cholesterol-lowering drugs
were prescribed after the initial determination of li-
poprotein profiles.

Determination of Achilles tendon xanthoma
Achilles tendon xanthoma was determined based
on the method of Blankenhorn et al.'V Achilles ten-

don thickness (ATT) was measured on X-ray films.
Thickened tendons (not less than 9 mm) were
considered as the presence of Achilles tendon
xanthomas®¥,

Evaluation of coronary atherosclerosis

Coronary atherosclerosis was evaluated when pa-
tients were enrolled in this study. Coronary
angiography was performed according to the
method of Judkins'?. The luminal narrowing was
assessed in 15 American Heart Association (AHA)
segments in all patients by two cardiologists inde-
pendently. No conflicting results were obtained in
any patient. The following scores were assigned to
each stenosis (0% : 0 point, 1to 25% : 1 point, 26
to 50% : 2 points, 51 to 75% : 3 points, 76 to
99% : 4 points, 100% : 5 points), and the sum of
the points in affected segments was defined as the
coronary score (CS) representing the extent of coro-
nary atherosclerosis®. We examined the correlation
between CS and such parameters as TC, TG, HDL-
C, ATT, and age.

Follow-up study

We followed the clinical courses of all patients
for 5.8 3.4 years (1 to 15 years) from the initial
evaluation by coronary angiography. All patients
except one had taken cholesterol-lowering drugs
throughout the follow-up period. The diagnosis of
myocardial infarction was based on medical records
including electrocardiograms, echocardiograms,
and coronary angiography. Angina pectoris was
ruled out by the treadmill exercise electrocardio-
gram test. In four out of 13 patients, we repeated
coronary angiography more than once from 1- to 7-
year intervals.

Statistical analysis

All values are presented as mean = standard de-
viation. Statistical analysis used Student’s #-test
and Welch’s test. A p value of less than 0.05 was
considered to be significant.

RESULTS

Sex difference in coronary score

To determine whether there is a sex difference in
the extent of coronary atherosclerosis, we compared
mean CS between men and women. In both groups,
the mean TC levels were over 300 mg/dl. There
were no significant differences in TC and TG levels
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between men and women. In women, the mean
HDL-C levels were lower and the mean ATT was
thinner (Table 1; both p<0.1). The mean CS was
2.4 times higher in men than in women (Fig. 1)
even though the mean age was lower by 6.5 years in
men than in women (Table 1). To prevent any effect
of gender difference on the results, we analyzed
men and women separately in the comparisons de-
scribed below.

Relationship between coronary score and age

To clarify the factors promoting the development
of coronary atherosclerosis in asymptomatic FH pa-
tients, we examined the correlation between CS and
parameters such as age, TC, TG, HDL-C, and ATT.

In men, we found that CS was correlated signifi-
cantly with age (CS=0.682 X age —24.4; r=0.800,
p<0.01; Fig. 2). No other parameter was correlated
significantly with CS. The regression equation
crossed the X-axis at 35.8 years. Two out of 10 pa-
tients showed total occlusion of coronary arteries.
Both patients had marked networks of collaterals.
Probably, this is the reason they did not have any
chest pain or discomfort.

In women, we could not find any significant cor-
relation between CS and parameters probably due to
the smaller number of patients. CS in women has a
lower trend compared with that in men of the same
age. To our surprise, a 58-year-old woman showed
normal coronary arteries (Fig. 3).

Follow-up study

To assess the effect of cholesterol-lowering
therapy on the development of CAD, we followed
the clinical courses for 5.8 =3.4 years after the ini-
tial coronary angiography. The features and follow-
up periods are shown in Table 2. All patients except
one (case 5) received cholesterol-lowering drugs
from the beginning of the observations.

Eleven of the 12 treated patients did not develop
CAD during the follow-up period (Table 2). Two of
these 11 patients (both male) agreed to repeat coro-
nary angiography although they were absolutely
free of symptoms. Their total cholesterol levels
were reduced from 410 to 260 mg/d/ in case 1, and
from 309 to 217 mg/d/ in case 2. In case 1, there was
no change in the coronary arteries for the first 2
years. Four years later (6 years from the first
angiography), the third angiography was per-
formed. We found slight progression in the proxi-
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Table 1 Lipid levels and Achilles tendon thickness in heterozygous
patients with familial hypercholesterolemia

Age TC TG HDL-C ATT

(yr) (mg/dl) (mg/dl) (mg/di) (mm)
Men 51.2 304.4 175.5 35.6 12.2
(n=10) (8.4) (50.4) (46.8) (10.2) 5.2)
Women 577 329.3 116.7 33.3 11.0
(n=3) (0.6) (39.0) (66.7) 4.9) 2:3)
p value <0.15 NS NS <0.1 <0.1

Data are presented as means and (standard deviation).

Men Women
(n=10) (n=3)
Fig. 1 Sex and coronary score in heterozygous patients with familial
hypercholesterolemia

Coronary score in men was markedly higher than in women
although the mean age was lower in the former.
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Fig. 2 Relationship between coronary score and age in asymptomatic
men with familial hypercholesterolemia

There was a significant positive correlation between CS and
age in males with FH.

mal lesion of the right coronary artery (RCA). The
luminal reduction had increased from 13% to 36%.
In case 2, we found no changes in both coronary
arteries after 6-year treatment (Fig. 4). Case 9 died
of non-cardiac causes at age 64 years. The cause of
death was hepatic failure. Autopsy confirmed the
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Fig.3 Relationship between coronary score and age in asymptomatic
women with familial hypercholesterolemia

o

Because of the smaller number of female FH patients, there
was no significant relationship. One female patient did not
show any coronary lesion in spite of her age of 58 years.

Table2 Long-term follow-up

Case Age Sex TC*  ATT  Follow-up Events
No ) (mg/dl)  (mm) or) (yn)*
1 34 M 410 11 8
2 46 M 309 9 7
3 47 M 254 9 5
4 50 M 273 10 6
5 52 M 267 11 152 AMI (59)
AP (60)
6 53 M 361 13 2 AP (54)*3
7 58 M 282 10 5
8 59 M 269 11 5
9 62 M 263 12 2 NCD (64)
10 66 M 356 15 1
11 57 F 296 10 6
12 58 F 384 14 7
13 58 F 308 9 7

*1 Tnitial level.

*2 Case 5 did not take any cholesterol-lowering drugs from age 52 to 59
years, but took them since he developed myocardial infarction at age 59
years. The other 12 patients received cholesterol-lowering drugs
throughout the follow-up periods.

*3 Symptoms appeared within 6 months of the initiation of drug
therapy and LDL-apheresis.

*4 Age at which cardiac event occurred.

AP=angina pectoris; AMI=acute myocardial infarction; NCD=
non-cardiac death.

clinical diagnosis. No evidence for acute myocar-
dial infarction was found (Table 2).

On the other hand, one untreated patient (case 5)
and one treated patient (case 6) suffered nonfatal
cardiac events in their fourth decade (Table 2). It
should be noted that the event in the treated patient
(case 6) occurred within 6 months of the first angio-

graphy.

In case 5, there were only mild irregularities of
both coronary arteries at age 52 years. He did not
take any cholesterol-lowering drug after the first
angiography, and developed acute myocardial
infarction at age 59 years. The second angiography
revealed total occlusion of the proximal portion of
the RCA (segment 1). In addition, a new lesion
(25% stenosis) appeared in the proximal portion of
the left anterior descending artery (LAD; segment
6). Under the medication, we could not detect
ischemia by stress myocardial scintigraphy at dis-
charge. Thereafter, the TC level was reduced to less
than 200 mg/d/ at the outpatient clinic. One year
later, however, he developed angina pectoris. The
third angiography showed rapid progression of the
LAD lesions to 90% stenosis. As a result, CS in-
creased from 4 (age 52 years) to 14 (age 59 years),
and then to 17 (age 60 years; Fig. 4). Finally, he un-
derwent aortocoronary bypass graft surgery at our
institute.

In case 6, we found total occlusion of the postero-
lateral branch of the RCA at the first angiography.
Both coronary arteries were diffusely irregular. The
coronary score (CS= 18) was rather high for his age
(53 years; Fig. 4). In the proximal portion of the
LAD (segment 6), there were two irregular lesions
(less than 50% narrowing in diameter). His choles-
terol level was difficult to reduce with medication
alone. We used low-density lipoprotein (LDL)
apheresis as well as intensive combined drug regi-
mens. Thereafter, the TC level was controlled well
(about 200 mg/d! before apheresis, and 100 mg/d!
after apheresis). Within 6 months of the first
angiography, he started to suffer from severe chest
pain on effort. Second angiography at age 55 years
revealed total occlusion of the LAD lesion (segment
6). The coronary score increased rapidly from 18 to
21 (Fig. 4). The distal portion of the LAD was irri-
gated by a collateral network. There was no evi-
dence for myocardial infarction. We performed per-
cutaneous transluminal coronary angioplasty, and
placed the stent at the dilated site for long-term pa-
tency.

DISCUSSION

Our data indicate that coronary atherosclerosis
develops with age in asymptomatic FH patients.
Coronary score, which represents the extent of coro-
nary atherosclerosis, was correlated significantly
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Fig. 4 Changes in coronary score during follow-up periods

Four of 13 patients underwent repeat coronary angiography.
Cases 1 and 2 had been free from symptoms of CAD, while
Cases 5 and 6 developed CAD during the follow-up periods.
The dotted line represents the period when the patient did not
receive cholesterol-lowering therapy.

with age in male patients (Fig. 2). In FH patients,
age reflects the duration of hypercholesterolemia
because the high cholesterol levels have been sus-
tained from childhood' due to the genetic defect of
LDL clearance. The promoting factors for coronary
atherosclerosis should be not only high cholesterol
levels but also the duration of hypercholesterol-
emia. The cholesterol levels are over 300 mg/d/ in
most patients with heterozygous FH, and do not dif-
fer widely among different families. It is reason-
able, therefore, that age is the only parameter that
was correlated significantly with the extent of coro-
nary atherosclerosis. Stone et al.' examined the
frequency of CAD in more than 1,000 individuals
from 116 FH families. They compared the cumula-
tive probability of CAD in affected patients with
that in unaffected family members. They found that
the cumulative probabilities rise linearly with age in
FH patients in both sexes. This result suggests that
coronary atherosclerosis itself also develops lin-
early with the age. Mabuchi et al.¥ examined coro-
nary atherosclerosis angiographically in 105 male
and 56 female heterozygous FH patients. In this
study, some patients had already developed CAD.
They showed a significant positive correlation be-
tween coronary score index (which corresponds to
CS in our study) and age in both groups. This obser-
vation agrees with our results.

Our data also indicate that long-term cholesterol-
lowering therapy is effective for primary preven-
tion of CAD in asymptomatic FH patients. All pa-
tients except case 5 started cholesterol-lowering
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therapy when they had coronary angiography at en-
rollment in this study (Table 2). No patients who
had received medication for more than 6 months de-
veloped CAD. In two of them, coronary angio-
graphy revealed little change after 6-year treatment
(Table 2, Fig. 4; cases 1 and 2).

On the other hand, two patients developed CAD
during the follow-up period (Table 2; cases 5 and
6). Case 5 had not received cholesterol-lowering
agents for the first 7 years. The increase in CS is al-
most parallel to the regression equation (Fig. 2).
After the second angiography, we started drug
therapy but failed to prevent progression of coro-
nary atherosclerosis. In case 6, CAD developed
within 6 months in spite of the intensive cholesterol-
lowering therapy (drug therapy plus LDL-
apheresis). These findings suggest that it may take
some time for the cholesterol-lowering therapy to
have an effect on the prevention of CAD in
asymptomatic FH patients.

Several randomized controlled trials demonstrate
the convincing effect of cholesterol-lowering
therapy on the primary®® and secondary preven-
tion>!® of CAD. In the Lipid Research Clinics
Coronary Primary Prevention Trial5”, 3,806 per-
sons without CAD were enrolled and followed for
7.4 years. The trial showed that treatment with cho-
lestyramine decreases the incidence of major coro-
nary events significantly compared with the control
group. The Helsinki Heart Study®, another primary
prevention trial, also showed a significant reduction
in myocardial infarction in the group treated with
gemfibrozil. In the secondary prevention study,
simvastatin was proved to improve the prognosis of
patients with CAD?. A total of 4,444 hyper-
cholesterolemic patients with CAD were examined,
finding that the relative risk of total death in the
treated group was significantly lower (0.70; p<
0.0003). Similar results were obtained using another
HMG-CoA reductase inhibitor, pravastatin’®. In
these studies, the reduction in CAD events was al-
most proportional to that in cholesterol levels$'?. In
other words, the extent of the reduction in CAD risk
depends on not which drugs are used but how low
the cholesterol levels are maintained.

Recent advances of computer-based quantitative
angiography now allow accurate evaluation of lumi-
nal changes in coronary arteries. Kane et al.'> ex-
amined 72 patients with heterozygous FH to test
whether reducing cholesterol levels by diet and
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combined drug therapy can induce regression of
coronary atherosclerosis. They showed that the
mean change in percentage area stenosis was +0.80
in the control group (progression) but —1.53
(regression) in the treated group (p<<0.39). In
the St. Thomas’ Atherosclerosis Regression Study
(STARS)'®, 90 hypercholesterolemic men were
randomized into three groups : receiving usual diet,
dietary intervention, and diet plus cholestyramine.
The mean absolute width of the coronary segments
decreased by 0.201 mm (progression) in the usual
diet group, increased by 0.003 mm (regression) in
the dietary intervention group, and increased by
0.103 mm (regression) in the diet plus cholestyra-
mine group (p<0.05). The luminal change in coro-
nary arteries was significantly correlated with the
mean LDL cholesterol levels during the trials. The
extent of the regression is relatively small'>!®), while
the decrease in cardiac events is relatively larges?.
This discrepancy may be explained by the stabiliza-
tion of atherosclerotic plaques induced by choles-
terol-lowering therapy.

Emerging evidence suggests that the rupture of
atherosclerotic plaques may be important in the de-
velopment of CAD and that cholesterol-lowering
therapy may stabilize such plaques'”. Pathologi-
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cally, the growing plaques are rich in lipid and mac-
rophages. These lipid-rich plaques are likely to rup-
ture, resulting in intramural hemorrhage and
intraluminal thrombosis. Clinical symptoms mani-
fest only after the percentage area stenosis reaches
about 85%'®. Reduction of plasma cholesterol lev-
els probably induces a decrease in the lipid contents
of the plaques. The “lipid-poor plaques” are stable
and resistant to rupture although the luminal nar-
rowing remains. Such stabilization of atheroscle-
rotic plaques is the main reason for the preventive
effect of cholesterol-lowering therapy on CAD. In
the near future, new technologies such as intravas-
cular ultrasonography'® may elucidate the precise
mechanism by which cholesterol-lowering therapy
reduces the CAD risk.

In summary, we examined 13 asymptomatic pa-
tients by coronary angiography, and followed their
clinical courses for 5.8 years. We showed that coro-
nary atherosclerosis develops with age in asym-
ptomatic FH patients and that long-term choles-
terol-lowering therapy may be efficient in primary
prevention of CAD in such patients. More studies
are needed to confirm the life-long effect of choles-
terol-lowering therapy on the primary prevention of
CAD in FH patients.
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