O

BiolVled Central

Lipids in Health and Disease

Research
Correlating corneal arcus with atherosclerosis in familial

hypercholesterolemia
Loren A Zech Jr*1.2 and Jeffery M Hoeg!

Address: 'Molecular Disease Branch, National Heart, Lung and Blood Institute, National Institutes of Health, Building 10/Room 7N115, 10 Center
Drive MSC 1666, Bethesda, MD 20892, USA and 2College of Medicine, University of Illinois at Urbana-Champaign, 190 Medical Sciences
Building, 506 South Mathews Ave, Urbana, IL 61801, USA

Email: Loren A Zech* - 1zech@uiuc.edu; Jeffery M Hoeg - lzech@uiuc.edu

* Corresponding author

Received: 31 December 2007
Accepted: 10 March 2008

Published: 10 March 2008
Lipids in Health and Disease 2008, 7:7  doi:10.1186/1476-51 1 X-7-7
This article is available from: http://www.lipidworld.com/content/7/1/7

© 2008 Zech and Hoeg; licensee BioMed Central Ltd.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Background: A relationship between corneal arcus and atherosclerosis has long been suspected
but is controversial. The homozygous familial hypercholesterolemia patients in this study present
a unique opportunity to assess this issue. They have both advanced atherosclerosis and corneal
arcus.

Methods: This is a cross-sectional study of |7 patients homozygous for familial
hypercholesterolemia presenting to the Clinical Center of the National Institutes of Health. Plasma
lipoproteins, circumferential extent of arcus, thoracic aorta and coronary calcific atherosclerosis
score, and Achilles tendon width were measured at the National Institutes of Health.

Results: Patients with corneal arcus had higher scores for calcific atherosclerosis (mean 2865
compared to 412), cholesterol-year score (mean | 1830 mg-yr/dl compared to 5707 mg-yr/dl), and
Achilles tendon width (mean 2.54 cm compared to |1.41 cm) than those without. Corneal arcus and
Achilles tendon width were strongly correlated and predictive of each other. Although corneal
arcus was correlated with calcific atherosclerosis (r = 0.67; p = 0.004), it was not as highly
correlated as was the Achilles tendon width (r = 0.855; p < 0.001).

Conclusion: Corneal arcus reflects widespread tissue lipid deposition and is correlated with both
calcific atherosclerosis and xanthomatosis in these patients. Patients with more severe arcus tend
to have more severe calcific atherosclerosis. Corneal arcus is not as good an indicator of calcific
atherosclerosis as Achilles tendon thickness, but its presence suggests increased atherosclerosis in
these hypercholesterolemic patients.

Background

The German pathologist Rudolf Virchow is credited with
the hypothesis that atherosclerosis reflects insudation of
pathogenic agents into tissue. He also noted, in 1852, the
association of corneal arcus and atherosclerosis, and
hypothesized a similar mechanism of formation[1]. In
contrast, William Osler, in 1892, suggested that arcus

senilis had little utility in diagnosing "fatty degeneration"
of the heart [2]. The attempt to relate corneal lipid depos-
its and vascular lipid deposits has been and remains con-
troversial, despite continued interest[3,4]. We investigate
the relationship between corneal arcus (i.e. arcus senilis)
and lipid deposition in other tissues in 17 patients
homozygous for familial hypercholesterolemia (FH). This
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rare inborn error of metabolism is estimated to occur once
in every million U.S. births [5]. However, the elucidation
of the genetic basis of this metabolic disease has been cen-
tral to understanding the role of particular lipoproteins in
the pathogenesis of human atherosclerosis[6,7]. Quanti-
fying the extent of arcus and other lipid deposits in
patients with such profound hypercholesterolemia pro-
vides a means of assessing the clinical issues raised by Vir-
chow and Osler.

The deposition of lipid in the human cornea, macroscop-
ically observed as corneal arcus (Fig. 1), is one of the clas-
sic physical stigmata of the FH homozygote, along with
various types of xanthomal5,8,9]. The predominant lipid
in all these deposits is esterified cholesterol, the predomi-
nant lipid in low density lipoprotein (LDL) particles [10-
17]. LDL particles aggregate in the collagenous connective
tissue of humans both extracellularly and by cellular
uptake[10,11,17-19]. This process is greatly accelerated in
homozygous FH, producing children and young adults
with grossly enlarged Achilles tendons, corneal arcus and
atherosclerosis.

In 1974 David Cogan wrote "most attempts to correlate
the degree of arcus formation with cardiovascular disease
have been disappointing. The failure in correlation has
been due in part to the inaccessibility of adequate criteria
for analogous lipid deposit during life in other tissues of
the body[20]." In this study we have used a non-invasive
computed score to estimate calcified atherosclerosis in the
thoracic aorta and coronary arteries of living patients. We
have also calculated a dose-duration measure reflecting
the patient's lifelong 'exposure' to the suspected patho-
genic agent (i.e. elevated serum cholesterol). These meas-
ures were then compared with a measure of the
circumferential extent of arcus in the peripheral cornea in
an attempt to meet the challenge noted by Dr. Cogan.

Methods

Patients

Subjects for this study represented 17 consecutive patients
homozygous for FH referred to the Clinical Center of the
National Institutes of Health (NIH). Untreated lipopro-
tein concentrations, electron beam computed tomogra-
phy and conventional computed tomography results for
some of these patients have been reported [21-23]. The
Institutional Review Board of the National Heart, Lung
and Blood Institute approved this study. Each patient (or
for minors, the legal guardians) gave informed consent for
the procedures and photographs reported.

Computed Tomography of Xanthoma and Atherosclerosis
Computed tomography (CT) scans of the Achilles tendon
were performed on the GE 9800 scanner (General Elec-
tric). Patients were scanned supine with their feet in the
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neutral position. The displayed field of view was 0.25 m.
Contiguous 10-mm thick transaxial scans were obtained
through the Achilles tendons from the midcalcaneus level
up until the merger with the gastrocnemius muscle. Ten-
don width was defined as the greatest distance between
the most medial and lateral extent of the tendon. The val-
ues for Achilles tendon width in this study represent the
mean of left and right tendon.

Ultrafast CT for calcific atherosclerosis (CA) was per-
formed and scored according to established meth-
0ds|[22,24]. Tomography was computed for the heart and
thoracic aorta. Scans were performed on the Imatron C-
100XL CT scanner (Imatron Co.). No intravenous contrast
material was used. The coronary artery score represents
the sum for left main, left anterior descending, left circum-
flex, right and posterior descending coronary arteries. The
ascending aorta score represents the sum of the aortic root
(aorta surrounding the coronary ostia) and the remainder
of the ascending aorta. The total score represents the sum
of all regions of the thoracic aorta and the coronary arter-
ies.

Plasma Lipoproteins and Lipids

The fasting plasma concentrations of total cholesterol
(TC), LDL and high-density lipoprotein (HDL) were
determined by enzymatic assays[25]. All LDL cholesterol
values determined at the time of diagnosis were calculated
via the Freidwald formula. Study values of lipoproteins
were all determined using ultracentrifugation|[25]. The
cholesterol-year score is an estimate of the lifelong vascu-
lar exposure to elevated plasma cholesterol concentra-
tions. The cholesterol year score (CYS) represents the area
under the curve for total plasma cholesterol as a function
of time.

Arcus Grading

The photographic slides of both the left and right eye were
taken using a 85 mm lens with a Novoflex Bellaco, at 1:1
magnification. The slides of both eyes for each patient
were masked with respect to identity and mixed with
other slides taken in similar fashion. The slides, as a set,
were then given consecutively to 4 judges (one internist
and three ophthalmologists). All slides were graded for
photo quality and clarity, assessed for presence/absence of
corneal arcus, and graded for the extent of arcus using a
transparent overlay containing a circle with radius larger
than that of the corneo-scleral junction. This circle was
divided evenly into eight sectors. Each slide was assessed
superiorly and inferiorly (based on the traditional pattern
of arcus development) and given a grade of 1 to 4. Grades
of 0-8 were assigned for each eye, with each unit repre-
senting a sector at least half occupied by corneal arcus. The
grades were analyzed for consistency among the different
graders. A consensus was reached by the three ophthmol-
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ogists in cases where all graders did not agree. The grades
for both eyes of each patient were then summed and
divided by 16 providing a final grade ranging from 0 (no
arcus) to 1 (complete circumferential arcus). The grade is
a measure of the extent of the 360° of sclero-corneal junc-
tion involved in the arcus.

Statistical Analysis

Statistical analyses were performed using SPSS for Win-
dows, 5.0, SPSSSV for Windows, 6.1 (SPSS Inc.), and
Stata, 5.0 (Stata Corp.). For regression analysis the CYS,
TC at diagnosis and calcific atherosclerosis scores were
transformed in order to obtain a range and distribution
better suited for analysis. The base 10 logarithm was taken
for all CYS values, TC values at diagnosis, and for CA. Two
tailed bivariate correlation coefficients were computed
using the Pearson formula. Simple linear regression mod-
els were constructed to search for the single most signifi-
cant predictor for the response of interest. Multiple linear
regression models were also constructed to adjust for the
confounding effects of age. Comparisons between FH
homozygotes and normal control subjects, and compari-
sons between those patients with and without arcus, and
males and females, were done with Student's t tests.

Table I: Lipoprotein profiles of 17 FH homozygotes
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Results

Table 1 profiles the plasma lipoprotein values both at the
time of diagnosis and at the time of this study. The TC and
LDL values of these 17 FH homozygotes at diagnosis were
significantly (p < .001) higher than those in a sample of
the normal population. The HDL values at diagnosis were
significantly (p < .001) less than those of the control
group. The plasma lipoprotein values at the time of study
(TC, LDL, HDL) were also significantly different from the
normal values (all p < .001). The cholesterol year scores
(CYS) for each of the 17 FH homozygotes were calculated
and were markedly increased[23].

Table 2 lists the age, sex, body mass index, calcific athero-
sclerosis score, Achilles tendon width, and arcus grade for
each individual. The calcific atherosclerosis total score
represents the calcific atherosclerosis for the entire tho-
racic aorta and coronary arteries. The extreme elevation of
calcific atherosclerosis above that in a sample of the nor-
mal population demonstrates the accelerated vascular dis-
ease found in homozygous FH individuals. Of the 17
patients in this study, only those six years or younger in
age did not have calcified lesions. These results are con-
sistent with previously reported data showing that in FH

Diagnosis At Study Date
Patient TC (mg/dl) LDL (mg/dl) HDL (mg/dl) TC/HDL TC (mg/dl) LDL (mg/dl) HDL (mg/dl) TC/HDL CYS
(mg¥yrs/dl)

| 1200 1150 24 50 1200 NA 24 50 7300
2 1187 1092 40 30 343 288 46 8 27760
3 488 447 29 15 212 150 47 5 7654
4 852 795 24 36 848 709 19 45 11167
5 965 879 29 33 546 494 35 16 12461
6 549 471 33 17 242 193 39 6 11062
7 1277 1153 17 75 184 128 38 5 7366
8 612 572 28 22 264 183 56 5 7650
9 484 405 23 21 484 416 23 21 726
10 740 534 33 22 363 285 6l 6 10902
Il 1068 1018 24 44 916 804 33 28 2443
12 906 795 32 28 472 424 30 16 9331
13 792 753 22 36 755 701 39 19 4341
14 556 485 40 14 378 335 37 10 5213
15 711 536 56 I 203 104 49 4 8933
16 1198 1148 23 52 845 748 23 37 4599
17 713 650 33 22 482 429 44 Il 13219

mean 84| 758 30 31 514 399 38 17 8949
sd 261 264 9 16 289 227 12 14 5793

normal 159* 96* 49* 3* 159* 96* 49* 3* -

mean

normal sd 26* 23* 10* 2% 26* 23* 10* 2* -
*Values from 22 male and 28 female normal volunteers at the Clinical Center of the NIH
NA represents values that are not available
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Table 2: Calcific atherosclerosis score, Achilles tendon width, and arcus grade

Physical Characteristics

Calcific Atherosclerosis Score

Patient sex age (yrs) BMI (kg/ Coronary Ascending  Descending Total Tendon Arcus
m”2) (no units) Width (cm)  Grade (no
units)
| M 6 14.58 0 0 0 0 1.20 0.000
2 F 41 26.76 6376 9909 2570 18855 4.13 1.000
3 M 32 2421 275 383 0 658 2.20 0.250
4 F 28 23.8l1 42 1082 733 1857 3.00 0.625
5 F 33 27.10 118 471 0 590 3.10 0.563
6 M 37 25.96 0 258 0 258 1.92 0.641
7 M 21 22.99 Il 2407 378 2796 1.60 0.000
8 F 29 20.53 71 248 131 450 2.00 0.250
9 F | 14.81 0 0 0 0 0.75 0.000
10 F 37 23.65 274 1109 0 1383 2.80 0.500
I F 3 14.76 0 0 0 0 1.00 0.000
12 F 15 21.77 | 166 88 255 2.00 0.000
13 F 5 19.38 0 0 0 0 1.00 0.000
14 M 14 20.78 0 103 0 103 1.80 0.000
15 M 36 25.89 96 49 0 145 1.90 0.000
16 M 5 17.01 0 0 0 0 1.20 0.094
17 F 39 33.65 I 1720 5 1736 2.50 1.000
mean - 22 22.21 428 1053 230 1711 2.01 0.290
sd - 14 5.13 1535 2385 633 4494 0.89 0.360
normal - - - 0% 0% 0* 0* 1. 18+.12% -
mean+sd

*Values obtained from 29 control subjects aged 0 to 40
**Values obtained from Liem et al [67].

homozygotes, atherosclerosis tends to start and be most
heavily concentrated in the aortic root[22,26,27].

The Achilles tendon width, measured by CT, was greater
(p < .001) than that found in controls. All but the three
youngest patients had a tendon width greater than the
control mean.

Photographs demonstrating corneal arcus are presented
in Fig. 1. The corneal arcus grades had a mean of 0.29 +
.36. There were two patients with total circumferential
arcus, 7 patients with partial arcus, and 8 patients with no
arcus. Patient 3 and 8 had only inferior arcus in both eyes.
Patient 4, 5, 6, 10 and 16 had arcus both inferiorly and
superiorly in both eyes but the arcus was not completely
circumferential.

Figure 2 shows the bivariate correlation coefficients both
for arcus score and for Achilles tendon width. Bar graphs
show correlations of various characteristics with (A) arcus
grade, and (B) Achilles tendon width in 17 FH homozy-
gotes.

Figure 3 illustrates the best-fit lines for log (CA+1), Achil-
les tendon width, log (CYS), and age plotted against arcus
grade. It shows that arcus grade predicts Achilles tendon
width best. Figure 4 shows the best-fit lines for the same

Figure |

Corneal arcus. Four representative slides of corneal arcus.
Arcus deposits tend to start at 6 and 12 o'clock and fill in
until becoming completely circumferential. There is a thin
clear section separating the arcus from the limbus known as
the lucid interval of Vogt.

regressions as in Figure 3 against Achilles tendon width. It
shows that Achilles tendon width predicts log (CA+1)
best. In both figures the boundaries represent the 95t
confidence bands about the fitted lines.
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Figure 2

Correlations. The correlations of various variables with (A)
the extent of arcus, and (B) Achilles tendon width in 17 FH
homozygotes. The values on the vertical axis represent Pear-
son correlation coefficients. The p values represent the sig-
nificance levels.

Subgroup analysis indicated no significant differences in
any of the study parameters between males and females.
However, when patients with arcus (n = 9) and those
without (n = 8) were compared, the Achilles tendon width
was significantly greater (p = .004) for those with arcus
(mean 2.54 + 0.84) than those without (mean 1.41 +
0.48). In addition, log (CA+1) was significantly greater (p
=.035) in those with arcus (mean 2.73 + 1.15) then those
without (mean 1.26 + 1.41). The CYS was significantly
higher (p = .028) for those patients with arcus (mean
11830 + 6569) than for those without (mean 5707 +
3080). The age was significantly higher (p = .004) for
those with arcus (mean 31 + 11) than for those without
arcus (mean 13 £ 12).

Discussion

Attempts have been made to correlate corneal arcus with
factors as diverse as alcoholism, race, and exposure to
atomic bomb detonation [28-31]. The current study was
designed to assess the correlation of arcus with tendinous
deposits, with atherosclerotic deposits, and a score for an
estimate of lipid exposure over a lifetime. The accelerated
course of lipid deposition in the patients in this study
presents an opportunity to evaluate these relationships.
We did find a correlation between corneal arcus and calci-
fied atherosclerosis in these patients, however arcus did
not prove to be as highly correlated with atherosclerosis as
tendon xanthoma.

http://www .lipidworld.com/content/7/1/7

The lipid deposition process across tissues is presumably
similar enough to produce the correlations found, and this
is the reason why one might consider looking to the eye for
some clues about what is happening in the coronaries.
However, the lipid deposition process across tissues is also
subject to differences. In addition, the means of measuring
these deposits is also an important consideration.

The measure of calcific atherosclerosis was selected as the
endpoint to quantitate the extent of atherosclerosis. This
is, however, a conservative estimate of the amount of
atherosclerosis in the coronary arteries and thoracic aorta
since CT only detects those plaques that have become cal-
cified and does not measure the extent of fatty streaks or
"soft" atheroma[22]. This underestimate may be greater in
children than older adults. Therefore the correlation here
is between corneal arcus and advanced atherosclerotic
lesions.

Some authors in the past have noted the lack of correlation
between plasma lipid levels and corneal arcus [32-34].
Suspicion that the varying roles of dose-dependency and
duration-dependency are complicating this relationship
have been suggested[35,36]. The cholesterol year score
provides a dose-duration measure. Such measures are
proving important in explaining the loss of predictive
value in certain risk factor analysis based on a single meas-
ure of dose[37]. The arcus score correlated with log CYS (r
=.670, P = .003), but not with the log of total cholesterol
at the study date (r =-.104, P = .691).

The correlation of calcific atherosclerosis with other varia-
bles was paralleled by the correlation between the calcific
atherosclerosis score and age. In developing a regression
model for calcific atherosclerosis, a combination of age
and Achilles tendon width provided the best fit. The best
single predictor of the extent of calcific atherosclerosis was
Achilles tendon, which can be used in a quadratic equation
to predict the calcific atherosclerosis in these patients (data
not shown). Taking the derivative of the quadratic equa-
tion for CA as a function of Achilles tendon width pro-
duces a linear function representing the rate of change in
CA as tendon changes. This derivative indicates that as a
tendon of smaller or normal width changes, the resulting
increase in CA is larger than for the same increment of
change in a larger tendon, namely a tendon already laden
with lipid. This implication and the strong relation
between CA and Achilles tendon, stress the important
diagnostic value of tendinous xanthoma for hyperlipi-
demia and for assessing vascular health in FH.

The high correlation of Achilles tendon with arcus and cal-
cific atherosclerosis, persisting after adjustment for age,
may be due to the similarities and differences in the under-
lying mechanisms of the three types of deposition. All
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Best fit plots for arcus score. Scatter plots with the best-fit lines for (A) log (CA+1), (B) Achilles tendon width, (C) log
(CYS), and (D) age, against arcus score in the |7 FH homozygotes. The hourglass shaped boundaries represent 95% confidence

intervals.

these tissues consist of collagenous connective tissue with
glycoaminoglycans embedded in the matrix. The predom-
inant lipid in these deposits is cholesteryl ester, although
unesterified cholesterol is also present. A major difference
between the cornea, on the one hand, and arterial wall and
tendon|38], on the other, is that macrophages do not infil-
trate the cornea. The respective presence and absence of
macrophage activity may alter the type of lipid in these
deposits and their distribution[17,39]. Arcus is only the
macroscopic sign of lipid deposition, and amounts of lipid
can be deposited in the perivascular ground substance of
the eye without producing a visible arcus[17,40,41]. The
overall distribution of lipid and the structure and size of
the lipid particles may influence the threshold of deposi-
tion for arcus visibility. These and other differences in cor-
neal deposition may explain why Achilles tendon is a
better predictor of calcific atherosclerosis than arcus.

Even in the individuals in this study, who have sustained
high LDL cholesterol levels, the deposits of lipid that form
arcus stay to the periphery of the cornea. Work by Phillips,
etal[42], Ashraf, et al[43] and Crispin|[4] suggest some rea-
sons for the macroscopic appearance of corneal arcus. The
cornea has a temperature gradient which can effect lipid
deposition. It also has a gradient regarding how dense the
collagen fibers of the cornea are packed and this effects
what size of particle can move towards the center. Further-
more, the cornea is normally avascular, with only the
periphery close to limbal capillary beds, which are the
source of the lipid in arcus[44,45]. It may be that the cor-
nea protects itself from lipid deposition both by filtering
out the large lipoprotein particles in the periphery and by
relying on nascent HDL, which is a particle small enough
to move across the cornea, for uptake of excess cholesterol.
The patients in this study not only have elevated LDL, but
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tend to have lower than normal HDL. Others have sug-
gested a relationship between low HDL levels and corneal
arcus[46,47]. Patients suffering from classical LCAT defi-
ciency or from other genetic errors disrupting the HDL
reverse transport pathway (such as Tangier's disease or Fish
Eye Disease) suffer from opacities of the central cornea.

The LDL particles that presumably transport and deposit
lipid in the cornea may undergo oxidative and other
changes that make arcus more likely, and patients with
LDL receptor defects, such as the ones in this study, are
known to have LDL particles that circulate longer and
probably undergo changes that make them more athero-
genic. Such changes to LDL may also be important in gen-
erating corneal arcus[19,28,36,48].

The number of patients with measured arcus of zero was
significant. As noted above, 8 of the 17 patients have no
arcus, and these 8 are significantly younger as a group

(mean age 13 + 12) than those with arcus (mean age 31 +
11). The data on these 17 patients was collected over sev-
eral decades and in some cases is ongoing. With the advent
of newer therapies such as LDL removal by plasmapher-
esis, younger patients were in many cases receiving more
aggressive therapy at younger ages[49]. One of the patients
also underwent a liver transplant in the second decade of
his life. This patient's cornea was photographed after the
transplant and shows no arcus. No photo exists of this
patient's cornea before transplant, but anecdotal reports by
physicians following the patient pre-transplant claim
some arcus was beginning to become visible. These thera-
peutic interventions may effect lipid deposition in the eye
differently than those in tendons or those represented as
calcified atherosclerotic plaques. On the other hand, the
very youngest patients would not have received treatment
for very long. The age of onset of visible arcus may be
somewhat delayed for patients whose therapy was more
effective, began earlier, and was carried out for several
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years. Thus, even though CYS was used to mitigate some of
these issues, differences in therapeutic intervention may
still be further confounding attempts to correlate relation-
ships between various kinds of lipid deposits in these
patients.

We have studied patients with a rare inborn error of
metabolism causing accelerated deposition of lipid in tis-
sues. However, a review of the literature shows that corneal
arcus has also been correlated with the incidence of hyper-
cholesterolemia and the incidence of coronary heart dis-
ease in larger populations [50-66]. Based on this literature,
in patients younger than 50 with corneal arcus, there is an
increased risk of coronary heart disease and a high proba-
bility that they may have some variety of hypercholestero-
lemia. Furthermore, detecting corneal arcus and assessing
its circumferential extent (on a scale from 1-8) is an assess-
ment that might be made quickly on physical exam.

Conclusion

In the 17 patients considered in this study, the presence of
corneal arcus was correlated with tissue cholesterol deposi-
tion detectable by computed tomography. The patients in
our study with more extensive circumferential arcus tended
to have more severe atherosclerosis. The underlying mech-
anisms of lipid deposition are probably related (thus there
was some correlation) but not similar enough to provide
fine-grained prediction. Achilles tendon xanthoma was a
better indicator of the extent of atherosclerosis in these
patients, and it is an indicator of FH at any age, and can
often be detected by palpation. Considering this study and
the growing literature, corneal arcus in people less than 50
years of age should be regarded as an indicator of hyperlip-
idemia. Therefore as an easily observed clinical finding, the
presence of either xanthoma or arcus should raise suspicion
for hypercholesterolemia as well as the presence of athero-
sclerosis. Further study of these relationships is warranted.
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