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The current study sought to investigate the role of low-density lipoprotein receptor (LDLr) mutations in assessing the risk
profile of familial hypercholesterolemia (FH) patients, independently of major cardiovascular risk factors. FH due to LDLr
mutations is associated with premature atherosclerosis. The variable clinical severity of the disease in heterozygotes has
been related to cholesterol levels and the coexistence of other cardiovascular risk factors, but the independent role of different
LDLr mutations is still unclear. cDNA of LDL gene was sequenced in 102 patients with clinical features of heterozygous FH.
Carotid artery intima-media thickness (IMT) was measured by B-mode ultrasound imaging in all patients. Sixteen different
mutations (5 never described) were found in 82 patients (49 families; mean age, 39 years; 53% women). One of the newly
described mutations, the 2312-3 C—A, was found in 24 patients (13 families). The mean of maximum thicknesses was
significantly higher in the 2312-3 C— A group than in patients with other LDLr mutations (P = .004 after adjustment for major
cardiovascular risk factors). Similar results (P = .001) were obtained in the adjusted comparisons of probands only, and of the
patients with similar baseline cholesterol (P = .002). This study indicates that the identification of an LDLr mutation can help
to assess the risk profile of FH patients independently of the major cardiovascular risk factors.

© 2003 Elsevier Inc. All rights reserved.

AMILIAL hypercholesterolemia (FH) is a dominantly in- MATERIALS AND METHODS

herited disorder characterized by elevated plasmalevel of
low-density-lipoprotein (LDL) cholesteral; it is due to a mute-
tion of the LDL receptor (LDLr) gene, or to a mutation in the
apolipoprotein B-100 gene. FH patients show premature ath-
erosclerosis and have a great increase in cardiovascular mor-
tality.®
The relationship between different LDLr mutations and the
clinical expression of the disease is still unclear.24 A more or
less severe clinical expression of the disease has been related to
plasma total and LDL cholesterol levels, which in turn are
related to the percentage of residual LDLr activity;> however,
other investigators have failed to show a relationship between
null alele mutations and cardiovascular disease (CVD) mor-
tality.® Other reports have stressed the importance of associated
and traditional CVD risk factors,” and the coexistence of other
lipid-related risk factors. However, in this search for the iden-
tification of risk factors able to explain the clinical heteroge-
neity of FH patients, it is still unclear whether the different
LDLr mutations play an independent role asrisk factor, in view
of the dominant role of the cholesterol burden and of the other
major CVD risk factors.”:8
The aim of the present study was to address the question of
whether the identification of an LDLr mutation plays arolein
the assessment of the CVD risk profile independently of the
major risk factors. In this pursuit, we performed (1) cDNA

Clinical Diagnosis of FH

One hundred two patients having the clinical features of heterozy-
gous FH, consecutively admitted to the outpatient Lipid Clinic of the
“Federico 11" University of Naples, were asked to participate in the
study. All patients accepted and signed an informed consent.

A “definite” diagnosis of FH was considered when patients fulfilled
the Simon Broome Register criterial3 (13 patients). The diagnosis was
considered as “possible” if baseline plasma cholesterol was above 7.49
mmol/L or LDL cholesterol above 4.91 mmol/L (total cholesterol >
6.46 mmol/L if age < 16 years) in the proband, and at least in 1
first-degree relative, with plasmatriglyceride below 2.25 mmol/L in all
family members (89 patients).

Demographics and prevalence of major cardiovascular risk factorsin
the study participants are shown in Table 1. Fourteen patients (14%)
had a history of coronary heart disease. Eleven patients (9 males and 2
females) were myocardia infarction survivors, 9 had experienced
premature (<55 years, al maes) myocardia infarction. Two patients
had undergone a coronary bypass graft surgery and 1 had stable angina.
One patient underwent carotid endarterectomy. Twenty-five patients
had blood pressure higher than 140/90 mm Hg. No patient was diabetic.

LDLr Mutations

cDNA of LDLr gene was sequenced by a rapid automated method,
as elsewhere described.!4 Sixteen different mutations affecting the
LDLr coding region, including the 5 new mutations, were found and

sequencing in a comprehensive search for old and new highly
prevalent LDLr mutations in a local sample of patients with
clinical features of heterozygous FH; (2) a clinical evauation
of patients with different mutations; and (3) high-resolution
B-mode ultrasound examination of carotid arteries in patients
with different LDLr mutations, to noninvasively assess intima-
mediathickness (IMT). IMT is a standardized and reproducible
marker of preclinical atherosclerosis, is significantly increased
in heterozygous and homozygous FH patients,®10 and has been
proven to be a powerful predictor not only of cerebrovascular
events but also of ischemic heart disease.11.12
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Table 1. Cardiovascular Risk Factors and Tendon Xanthomas in the
102 Study Patients According to LDLr Mutation Status

Mutation- Mutation-

Positive Negative

(n =82) (n = 20)
Age (yr) 372 45 + 4
Gender (% women) 49 65
Body mass index (kg/m?) 25.4 + 0.5 24.8 = 0.7
Baseline total cholesterol (mmol/L) 9.7 £ 0.2 10.7 = 0.7
Triglycerides (mmol/L) 1.3+0.1 1.8+0.3
HDL cholesterol (mmol/L) 1.2 £ 0.04 1.2 = 0.06
Triglycerides/HDL cholesterol 1.09 = 0.09 1.86 = 0.45

Cholesterol-year score (mmol/L year) 382 (248-473) 410 (270-542)

Systolic blood pressure (mm Hg) 127 + 3 129+ 4
Diastolic blood pressure (mm Hg) 77 =1 81=+3
Cigarette smoking (%) 18 16
Hypertension (%) 23 37
Cardiovascular events (%) 14 16
Tendon xanthomas (%) 16 5
Meanmax IMT 0.90 = 0.04 0.91 = 0.07

NOTE. Values are mean = SEM, median and interquartile range for
cholesterol-year score.

have been reported elsewhere.*4 One of them, a IV S15-3C—A muta-
tion, damages the 3' acceptor splice site of intron 15 and results in the
elimination of exon 16 from the mature mRNA. This deletion produces
areceptor protein with an in-frame deletion of 26 amino acids between
the position Q*° and V77® of the membrane-spanning domain, and is
likely to produce a soluble LDLr.*4 Hereafter, this mutation will be
indicated as 2312-3 C—A.

Cholesterol Burden Calculation

Since al patients, including children, were on lipid-lowering treat-
ment, a cholesterol-year score was calculated, taking into account
variations in cholesterol level according to treatment.1s Each patient’s
clinica record was examined and all lipid measurements preceding
carotid ultrasound scans were recorded. Plasma lipid concentrations
before lipid-lowering diet and/or drug were taken as baseline plasma
lipid levels. Each patient’s baseline total cholesterol level (mmol/L)
was multiplied by patient age at diagnosis (on average 35.6 yearsin the
group with the 2312-3 C—A mutation v 35.2 in the group with the
other mutations; difference not significant [NS]). Mean total cholesterol
level on diet and/or on drug was multiplied by the years of treatment.
The mean number of years of treatment was 4.42 (range, 1 to 15). The
mean number of previous lipid measurements was 8.55 (range, 2 to 26).
The pretreatment and post-treatment cholesterol-years (mmol/L year)
were added to each other to get the total cholesterol-year score.

Environmental Risk Factors Evaluation

A 7-day record of dietary habits was filled out by 85% of patients.
Average daily calories were 1,800 and 1,850 in the 2 groups (new
mutation and other mutations, respectively). Percentage of saturated fat
was approximately 11% in both groups, with a cholesterol content of
about 210 mg/d in both groups. A questionnaire for assessment of
physical activity at work and in leisure time did not indicate significant
differences between the 2 groups.

Laboratory Analyses

After an overnight fast, blood samples were obtained by venipunc-
ture from al patients. Serum total cholesterol and triglyceride levels
were determined using an enzymatic method. High-density lipoprotein
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(HDL) cholesterol was determined after precipitation by sodium fos-
fotungstate. LDL cholesterol was calculated by Friedewald's formula

High-Resolution B-Mode Ultrasound

In all patients, carotid artery high-resolution B-mode ultrasound was
performed and IMT was measured. Biosound 2000 Il s.a. (Biosound
Inc, Indianapolis, IN) was used to examine the extracranial carotid
arteries hilaterally. This system, equipped with an 8-MHz transducer
with pulsed-wave Doppler and spectrum analysis capabilities, provides
high-resolution ultrasonic images with 0.3 mm axial resolution and 256
degrees of gray scale. The ultrasound imaging examination was per-
formed by an experienced certified sonographer (F.F.) following a
standardized protocol developed by the Division of Vascular Ultra
sound Reasearch at Wake Forest University School of Medicine, Win-
ston Salem, NC.16 The aims of the protocol were to define intra-arterial
carotid artery anatomical references (ie, crest at the origin of the
bifurcation, and the arch of the flow divider), and specific ultrasonic
interfaces on both the near and far wall to provide valid and reliable
measurements of IMT at thelevel of 2 standardized segments: the distal
1.0 cm of the common carotid artery and the carotid bifurcation. Scans
were recorded on super VHS videotape for offline analysis. One cer-
tified ultrasound reader (M.D.M.), unaware of the patients genetic
condition, reviewed the scans and made IMT quantitative measure-
ments, using a computerized analyzing system based on automated
detection of the echo structures, with the option of making manual
corrections by the operator. The reader selected the frame for each of
the 8 carotid wall segments that contained the thickest IMT. The mean
of maximum carotid IMT thicknesses measured on 8 interfaces (4 for
each side) was the ultrasound end-point mean max. In the present
study, estimation of intra-observer variability for both the sonographer
and the reader gave a coefficient of reliability for the mean max IMT
of 0.97, comparable with the same parameter measured in the European
Lacidipine Study on Atherosclerosis (ELSA).Y7

Satistical Analyses

Data analysis was performed with a commercialy available SPSS
10.0 statistical software (SPSS Inc, Chicago, IL).

Parametric results are expressed as means = SEM. Triglyceride
concentrations were log-transformed before analysis. Cholesterol-year
score was expressed as median (interquartile range) and Mann-Whitney
U statistic was used for comparisons of this parameter between groups.
Differences between independent means of the other risk factors were
analyzed by Student’s t test for continuous variables, and the distribu-
tion of categorical variables was analyzed by chi-square test. Analysis
of covariance (ANCOVA) was used to detect differences in carotid
IMT after adjustment for covariates.

RESULTS

Eighty-two (80%) of the 102 patients had an LDLr mutation.
No significant difference was found between mutation-positive
and mutation-negative patients for traditional CVD risk factors
and carotid IMT (Table 1). Patients with the 2312-3 C—A
mutation (n = 24, 13 families) had higher baseline total cho-
lesterol concentrations than patients with other LDLr muta-
tions. However, the difference in terms of cholesterol-year
score did not reach statistical significance (Table 2). No sig-
nificant differences in the prevalence of other cardiovascular
risk factors and events were found in either group, but the
prevalence of tendon xanthomas was 3-fold higher in the
2312-3 C—A mutation group than in the other group (P =
.027).
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Table 2. Cardiovascular Risk Factors and Tendon Xanthomas
in FH Patients With New LDLr Mutation Versus Patients
With Other LDLr Mutations

2312-3C—A Other

Mutation Mutations

(n = 24) (n = 58)
Age (yr) 384 372
Gender (% women) 42 52
Body mass index (kg/m?) 25.9 0.9 25.2 + 0.6
Total cholesterol (mmol/L) 10.8 = 0.5% 9.2 +0.3
Triglycerides (mmol/L) 1.38 £ 0.17 1.26 = 0.11
HDL cholesterol (mmol/L) 1.26 = 0.09 1.23 = 0.05
Triglycerides/HDL cholesterol 1.28 + 0.22 1.01 = 0.09

Cholesterol-year score (mmol/L year) 437 (254-640) 357 (242-424)

Systolic blood pressure (mm Hg) 130 £ 6 126 =+ 3
Diastolic blood pressure (mm Hg) 76 =2 77 =2
Cigarette smoking (%) 17 18
Hypertension (%) 25 22
Cardiovascular events (%) 22 11
Tendon xanthomas (%) 29t 9
Meanmax IMT 1.05 = 0.08% 0.82 = 0.04

NOTE. Values are mean = SEM, median and interquartile range for
cholesterol-year score.

*P = .002.
tP=.027.
P =.021.

Carotid mean max IMT was significantly higher in patients
with the 2312-3 C— A mutation than in patients with the other
LDLr mutations (P = .021) (Table 2). The same wastruein the
multivariate model (adjusted for age, gender, and cholesterol-

1435

year score; P = .002), and in the extended multivariate model
(including cholesterol-year score, age, and gender distribution,
systolic blood pressure, smoking habits; P = .004) (Fig 1). If
baseline cholesterol concentration was used instead of choles-
terol-year scorein the 2 multivariate models, significancelevels
were 0.002 and 0.003, respectively. Addition of baseline tri-
glyceride/HDL cholesterol ratio to the model did not change
significance (P = .004) (Fig 1).

The analysis carried out in probands (2312-3 C— A mutation
v other mutations, Table 3 and Fig 2) generated the same
pattern observed in the comparisons between whole groups.
This subanalysis confirmed statistically significant differences
in baseline cholesterol and prevalence of xanthomas, while
cholesterol-year score was not significantly different. Carotid
meanmax IMT in probands with the 2312-3 C—A mutation
was higher than in probands with the other LDLr mutations:
P = .007 unadjusted, P < .001 in the multivariate model, and
P = .001 in the extended multivariate model. Using baseline
cholesterol in the model instead of cholesterol-year score, the
levels of significance in the 2 multivariate models were .001
and .003, respectively.

Another subgroup analysis was performed in patients with
plasma total cholesterol = 9.0 mmol/L (means = SEM were
10.9 = 0.48in the 2312-3 C—A group and 11.0 = 0.36 in the
group with the other mutations, P = 0.883). Carotid meanmax
IMT was significantly higher in the 2312-3 C—A group (h =
23; mean IMT, 1.05 = 0.83 mm) than in the group with other
mutations (n = 19; mean IMT, 0.76 = 0.39 mm), (P = .003
unadjusted, P < .001 in the multivariate model, P = .002 in the
extended multivariate model).
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Fig 1. Carotid meanmax IMT I unadjusted
in FH patients with 2312-3 C—A
mutation v patients with other I
LDLr mutations.

I adjusted for age, gender, Cholesterol-years score
adjusted for age, gender, Cholesterol-years score, systolic blood pressure, smoking
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Table 3. Cardiovascular Risk Factors and Tendon Xanthomas in FH
Probands With New LDLr Mutation Versus Probands With Other
LDLr Mutations

2312-3C—A Other

Mutation Mutations

(n=13) (n = 36)
Age (yr) 35+4 372
Gender (% women) 46 61
Body mass index (kg/m?) 263+ 1.4 24.1 = 0.7
Total cholesterol (mmol/L) 10.4 + 0.5" 9.2 +0.3
Triglycerides (mmol/L) 1.24 = 0.22 1.15 = 0.09
HDL cholesterol (mmol/L) 1.22 = 0.13 1.29 = 0.06
Triglycerides/HDL cholesterol 1.21 = 0.30 0.98 = 0.1

Cholesterol-year score (mmol/L year) 334 (223-440) 339 (240-394)

Systolic blood pressure (mm Hg) 128 £ 5 126 =+ 3
Diastolic blood pressure (mm Hg) 77 =2 77 =2
Cigarette smoking (%) 8 17
Hypertension (%) 15 20
Cardiovascular Events (%) 15 9
Tendon xanthomas (%) 39" 6
Meanmax IMT 1.02 = 0.09% 0.79 = 0.04

NOTE. Values are mean = SEM, median and interquartile range for
cholesterol-year score.

*P=028.
tP = .004.
tP = .007.

DISCUSSION

The present study provides evidence that a mutation of
LDLr, compared with other LDLr mutations, independently
contributes to an increased prevalence of carotid atherosclero-
sis, together with plasma cholesterol levels and major CVD risk
factors.

In the present study, criteria for the “definite” clinical diag-
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nosis of heterozygous FH proved accurate (ie, patients were
found to be LDLr mutation—positive) in 8 of the 9 patients who
met them. Criteria for the “possible’ clinical diagnosis of
heterozygous FH, based also on the evaluation of first-degree
relatives, were those suggested by the Italian Nationa Com-
mittee for the standardization of diagnosis and treatment of
familial dydlipidemias and proved effective in 80% of the
patients. In this FH sample, the presence of new mutations in
the promoter region was not explored. However, in a compre-
hensive review of Italian FH mutations,> patients with these
mutations accounted for only 5% of cases. The newly discov-
ered mutation destroys the 3’ acceptor splice site of intron 15
and results in the elimination of exon 16 from the mature
mRNA, with consequent damage of the membrane spanning
domain and possible production of a soluble LDLr (possible
class4). Thisnew LDLr mutation was the single most prevalent
one in the present sample and patients bearing it were com-
pared to the other mutation positive patients. The numbers of
patients with the other mutations were too small for compari-
sons of each mutation to the 2312-3 C— A, but this study is not
a head-to-head comparison between individua mutations. It
actually indicates that the detection of a highly prevalent LDLr
mutation carrying more severe preclinical atherosclerosis al-
lows the identification of FH patients at higher risk than other
FH patients.

Common risk factors were taken into account on the basis of
previous investigations® where LDLr activity was aso mea-
sured. Age and arterial hypertension were the strongest cardio-
vascular predictors, whereas LDL cholesterol (and apolipopro-
tein E genotype) was not found to be a good predictor, at |east
in receptor-negative patients, thus suggesting the need for ad-
ditional indicators of risk. In another study aiming at a com-
prehensive evaluation of coronary artery disease predictors in
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I adjusted for age, gender, Cholesterol-years score, systolic blood pressure, smoking
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Fig 2. Carotid meanmax IMT
in proband FH patients with
2312-3 C—A mutation v pro-
band FH patients with LDLr mu-
tations.
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FH,” age, gender, cigarette smoking, and LDL composition
(small LDL) were confirmed to be the most powerful predictors
of cardiovascular risk, while lipoprotein(a) and presence of
xanthoma played a role only in premature coronary cases,
whereas insulin, fibrinogen, homocysteine, C-reactive protein,
and angiotensin-converting enzyme insertion/deletion poly-
morphism seemed to have no role.

Although the prevalence of tendon xanthomas was higher in
the 2312-3 C—A group, inclusion of xanthomatosis in the
multivariate analysis did not change levels of statistical signif-
icance. The presence of xanthomas is also age-related, and this
criterion could fail to identify high risk FH children, while
detection of a high-risk mutation would be effective.

In the present analysis, we chose B-mode ultrasound carotid
IMT as an indicator of cardiovascular disease, based on the
extensive and prospective evidence that IMT predicts coronary
events.!8 |n addition, the mean max IMT proved to be areliable
outcome end-point in large intervention studies with choles-
terol-lowering drugst®2° and is commonly regarded as an in-
dicator of the extent of the atherosclerotic process. A significant
relationship exists between carotid IMT and the most common
cardiovascular risk factors.’© However, the differences in
meanmax IMT between mutation 2312-3 C—A and other
LDLr mutations remained significant after adjustments for the
major cardiovascular risk factors and for the triglycerides-to-
HDL cholesterol ratio which is an indicator of LDL particle
size.2! Possible inflation of statistical significance due to the
influence of familial factors or family aggregation of risk was
aso taken into account by performing a separate analysis in
probands, which yielded the same results as the analysis of the
whole group. Since baseline plasma cholesterol was signifi-
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cantly higher in the 2312-3 C— A group than in the group with
the other mutations, a subgroup analysis of carotid IMT in
patients with baseline plasma cholesterol above 9.0 mmol/L
was performed to alow comparison of groups with similar
baseline cholesterol. Unadjusted and multivariate models con-
firmed the independent role of the 2312-3 C—A mutation as
risk factor for increased carotid IMT as compared to the other
mutations with similar cholesterol levels.

Although families with the 2312-3C— A mutation were not
aware of possible kinships and came from different areas of
southern Italy, a founder effect cannot be ruled out. However,
the rationale of the present study was to ascertain if the detec-
tion of an LDLr mutation could identify FH subjects at partic-
ularly high cardiovascular risk as compared to other FH sub-
jects. Whether this mutation is by itself an independent cause of
increased atherosclerosis or is a marker (or a causal compo-
nent) of a founder effect, does not diminish the importance of
the identification of the mutation, particularly in children. In
fact, in FH children, as compared to other FH children, the
evidence of other cardiovascular risk factors, including high
carotid IMT, xanthomas, lipoprotein(a), homocysteine, and
even very high levels of plasma cholesterol can be lacking or
less pronounced until adulthood. But the identification of high-
risk mutation could alow early and intensive intervention.

In conclusion, this study indicates that the detection of LDLr
mutations can be useful to identify FH patients at particularly
high atherosclerotic risk. Since the 2312-3 C—A mutation
damages the section of the LDLr anchored to the cell mem-
brane, further studies are needed to evaluate the possibility of
an atherogenic role of a soluble LDLr4—uwith attached LDL
particle released in the circulation.
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