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ABSTRACT

Corneal arcus and serum lipids were studied
in 121 men, aged 30 to 80, with athero-
sclerotic coronary heart disease (CHD), and
in healthy controls. In both groups the inci-
dence of arcus increased from 55% in the
fifth decade to 90% in the eighth. Under
40, arcus was a significant differentiating
sign, being present in 11 of the 25 coronary
patients and in none of the controls. In
both groups, to age 60, the incidence of
arcus correlated with serum cholesterol and
phospholipid but not with standard Sf 0-400
lipoproteiii fractions. In the CHD group
there was significant elevation of the serum
lipids. Since arcus is itself a fatty infiltration
of the eye, these findings support the im-
portance of serum lipids in atherogenesis.
Clinically, corneal arcus in a male under
40 may be a clue to hyperlipidemia and
a propensity to CHD.

SOMMAIRE

On a .tudi. la pr6sence de g.rontoxon et
la lip.mie chez 121 hommes, .g.s de 30 .i
80 ans, atteints de maladie coronaire (MC)
d'origine ath&oscl6rotique et chez des sujets
sains servant de t6moins. Dans les deux
groupes, la fr.quence du g.rontoxon a
augment6 de 55% .i partir de la cinqui.me
d6cennie jusqu'.i 90% dans la huitieme. En
dessous de 40 ans, la presence de g.ron-
toxon constituait un signe dfff.rentiel cer-
tain, 6tant donn6 qu'elle existait chez 11
des 25 coronariens et 6tait inexistante chez
les sujets t.moins. Dans les deux groupes,
jusqu'i. 60 ans, la fr.quence du g&ontoxon
correspondait au niveau du cholesterol et
des phospholipides sanguins, mais n'avait
pas de relation avec Ia concentration clas-
sique des fractions lipoprotidiques Sf 0-400.
Dans les groupes des malades souffrant de
MC, la lip.mie .tait notablement plus
tilev.e. Etant donn6 que l'arc com.en senile
est, en soi m.me, une infiltration lipidique
de l'oeil, ces constatations confirment l'im-
portance de la lip6mie comme facteur
.tiologique de l'ath6roscl6rose. En clinique,
l'arc s6nile com6en chez un homme de
moms de 40 ans est une indication de pos-
sibilit6 d'hyperlip.mie et de propension .i
Ia MC.
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TABLE I. COMPOSITION OF THE GROUPS: NUMBER AND AGE

Control Coronary

Decade n Mean age s n Mean age s

4th
5th
6th
7th
8th

25
25
27
23
21

121

34.4
43.6
56.0
64.1
73.0

2.9
2.7
2.4
2.8
2.9

25
26
28
23
12

114

36.3
44.5
55.5
64.3
73.8

2.8
3.0
2.4
2.7
3.1

Fig. 1.-Well-developed corneal arcus in a young hyperchol-
esterolemic coronary patient. Note the clear zone separating
the opacity from the limbus.

boangiitis obliterans or polyarteritis nodosa having
been excluded, the cause for the isehemic heart
disease was, in every instance, almost certainly
atherosclerosis. All were free of hypertension
(persistent elevation of the blood pressure above
150/90 mm. Hg), diabetes, nephrosis and hypothy-
roidism, or any major disease. The control group
consisted of healthy men, matched by age.
The participants were examined for the macro-

scopic presence of corneal arcus. Each eye was
meticulously inspected in full daylight with the
help of a small beam of artificial light directed at
the limbus area from various angles. It is important
to realize that under less favourable lighting condi-
tions slight degrees of the lesion are easily missed,
and that experience facilitated the more frequent
recognition of these lesions.6 Care was taken to be
certain that the opacity was separated from the
limbus by a clear zone (Fig. 1). This latter
differentiates arcus from embryotoxon, an angular
lipid-free opacity of the cornea, which is continu-
ous with the sclera at the limbus.7

COMPOSITION OF THE GROUPS

All of the subjects in the study were males. The
numbers and ages are shown in Table I. Up to
age 70, there were approximately 25 patients in
each decade, and their mean ages were similar.
A general characterization of the subjects was

presented in an earlier report.3 In both groups the
total fat consumption was 38% of ingested calories,
but the control group tended to eat more calories
and more milk fat.8 The coronary group (Cana-
dian, male, military veteran's, survivors of previous
myocardial infarction, with no aggravating and no
associated disease) certainly would not be repre-
sentative of the coronary population as a whole.
However, this design permits a study of the rela-
tionship 'between serum lipids, CHD and corneal
arcus with a minimum of other variables.

n = number; s = standard deviation.

RESULTS

CORNEAL ARGUS

Prevalence
The prevalence of corneal arcus is shown in

Table II. The striking finding is the earlier appear-
ance of arcus in the coronary group. In the fourth
decade it was present in 11 out of 25 coronary
patients but absent in all 25 controls. This differ-
ence is highly significant (p <0.001). In all of the
later decades, the incidence was similar in both
groups, about 55% in the fifth to 90% in the eighth
decade.

TABLE II.-CORNEAL ARcus: PREVALENCE

Decade Control Coronary

4th.0/25 11/25
5th.12/25 15/26
6th.17/27 13/28
7th.18/23 18/23
8th.19/21 11/12

The upper figure is the number of subjects with corneal
arcus; the lower, the total number.

Degree
Where corneal arcus was present, its degree was

arbitrarily classified as slight, moderate or marked.
The severity of arcus often differed slightly in the
two eyes, but never by more than one degree.
The patient was classified according to the status
of the worse eye. Table 'III shows that in 'both
groups there is a tendency for an increase in
degree of arcus with age.

TABLE 111.-CORNEAL ARcus: DEGREE

Control

Decade Slight Moderate Marked

4th
5th
6th
7th
8th

0
7

10
4
5

0
4
6
9
5

0
1
1
5
9

Coronary

Slight Moderate Marked

10 0 1
9 3 3
9 2 2
7 6 5
4 5 2

RELATION OF INCIDENCE OF ARGUS TO
SERUM Lipms

Total Cholesterol
Table 'IV relates the presence of corneal arcus

to the levels of total serum cholesterol. In the
fourth to sixth decades of both groups, 'the subjects
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TABLE IV.-CORNEAL Ancus: RELATION TO SERUM TOTAL CHOLESTEROL5

Control Coronary

Decade No arcus With arcus No arcus With arcus

4th 204.9 . 28.7 None 269.9 . 41.5 209.4 '.' 65.0
5th 208.4 . 42.9 222.0 . 32.5 251.9 . 23.6 269.7 . 36.4
6th 196.6 . 30.0 212.4 . 33.6 229.7 . 37.5 273.5 . 46.4
7th 241.4 . 47.3 208.7 . 31.3 223.6 . 35.4 233.4 . 36.8
8th 246.5 . 77.1 208.9 . 34.0 330.0 225.0 . 42.3

mean and standard deviation.
See Table II for the numbers of subjects, and Table V for the probability

levels.

with arcus tended to have higher mean cholesterol
levels than those without arcus. This is illustrated
in Fig. 2. Table V shows the probability levels for

TOTAL SERUM
CHOLESTEROL

m9. %

250 F

0-..
200 [

4 5 6 7
DECADE

. CORONARY WITH ARCUS . CONTROL WITH ARCUS
* CORONARY WITHOUT o CONTROL WITHOUT

Fig. 2.-Relation of incidence of arcus to total serum
cholesterol. In the fourth to sixth decades the subjects with
arcus have higher mean serum cholesterol levels.

these differences in serum cholesterol. In the con-
trol group no combination of decades produced
significant differences. In the coronary group,
however, arcus was significantly associated with
higher serum cholesterol levels in the combined
fourth, fifth and sixth decades. When the coronary
and control groups were combined, a significant
association was present in the fourth, sixth and
combined decades. In the fifth decade the associa-
tion becomes significant by the one-tailed test,
which can justifiably be used here.

TABLE V-p VALUES FOR DIFFERENCES IN MEAN SERUM CHOLESTEROL
AND PHOSPHOLIPID IN GROUPS WITH AND WITHOUT ARCUS

Control Coronary Control + Coronary

Decade Chol. Phoslip. Chol. Phoslip. Chol. Phoslip.

4th.- - <0.4 <0.6 <0.001 <0.02
5th.<0.4 <0.3 <0.2 <0.3 <0.1 <0.1

6th.<0.2 <0.2 <0.1 <0.01 <0.01 <0.1
4th + 5th.<0.2 <0.1 <0.2 <0.3 <0.01 <0.01
4th+Sth+6th <0.2 <0.1 <0.01 <0.02 <0.001 <0.001

Statistical method of probability is Student's "t" test.
For numbers of subjects see Table I. For serum cholesterol and phospho-

lipid levels see Tables IV and VI.

It is concluded that, up to age 60, the incidence
of corneal arcus is signfficantly related to the level
of the total serum cholesterol.

Free or Ester Cholesterol
As previously pointed out, there is a high cor-

relation between the free to total cholesterol in
both the control (r = 0.96). and coronary patients
(r = 0.93) .. Thus nothing can be gained by cal-
culating the correlation of corneal arcus to ester
or to free cholesterol when its relationship to total
cholesterol has already been established.

TABLE VL.-CoRNEAL ARCUS: RELATION TO SERUM PHOSPHOLIPID5

Control Coronary

Decade No arcus With arcus No arcus With arcus

4 242.4 . 29.7 None 278.9 .' 44.0 291.1 . 53.2
5 247.5 . 34.8 263.2 . 29.1 273.0 . 19.3 286.0 . 28.9
6 234.2 . 20.4 250.6 '. 34.0 257.4 . 28.5 294.0 . 34.7
7 275.0 . 47.0 256.1 . 33.6 250.2 . 28.6 256.9 . 34.5
8 253.5 . 36.1 254.3 . 34.4 323.0 261.2 . 26.6

5Mg.%. mean and standard deviation.
See Table II for the numbers of subjects, and Table V for the probability

level.

Phospholipid
Table VI relates the presence of corneal arcus

to the levels of the serum phospholipid by decade
in both groups. The data are generally similar to
those presented for cholesterol in Table IV. In
both 'groups, up to age 60, the subjects with arcus
tended to have higher mean serum phospholipid
levels. Only in the sixth decade of the coronary
group did this reach signfficance (Table V). Again,
'by combining the decades and the groups, signifi-
cant associations can be demonstrated, and the
significance is improved if the one-tailed test is
used.

It is concluded that, up to age 60, the incidence
of corneal arcus is significantly related to the level
of the serum phospholipid.

TABLE VII.-CORNEAL ARCUS: RELATION TO SERUM LIPOPROTEINS IN CONTROL GRouP*

Decade Arcus 0-1. 12-.0 .0-100 100-400 1f.-400 0-400

5th.Without
With

6th.Without
With

7th.Without
With

295 l 58
304 . 45
274 ± 44
298 45
285 i. 63
280 i 52

55 i 28
55 . 17
52 . 16
60 1 34
54 d 23
48 21

87 L 41
81 i 42
80 i: 45
77 ± 28
119 105
74 66

28 L 14
35 38
23 1 14
19 10
45 ± 65
26 1 31

170 1 71
171 . 82
155 69
156 ± 49
218 186
148 ± 107

465 1 115
475 i 98
429 ± 89
454k 82
503 232
428 . 128

5Std. St lipoproteins, mg.%, mean and standard deviation.
See Table II for the numbers of subjects. None of the differences is significant.
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TABLE VIII.-CoRNEAL ARCUS: RELATION TO SERUM LIPOPROTEINS IN CORONARY GROUPt

Decade Arcue 0-12 12-20 20-100 100-400 12-400 0-400

4th.

5th.

8th.

7th.

Without
With
Without
With
Without
With
Without
With

436 ± 101
414 =1= 160
408± 87
408 =1= 118
329 ± 49
359 =1= 71
338 :1: 105
324 ± 40

74 :1i 22
76 :1 47
75 ± 30
59 ± 13
52 ± 21*
70 ± 19
38 =1: 11
50 :1: 21

132 ± 52
110 ± 71
121 ± 33
126 ± 79
102 ± 49
120 ± 56
71 ± 29
70 ± 48

Lipc'proteins
As shown in Tables VII and VIII, in both the

control and coronary groups, there was (with a lone
exception) no demonstrable relationship between
the presence of corneal arcus and the concentration
of any of the Std. S. serum lipoprotein fractions.
Nor did any combination of decades or of subjects
produce a significant association.

RELATION OF DEGREE OF CORNEAL ARGUS TO
TOTAL SERUM CHOLESTEROL

Table IX shows that in the earlier decades of
both groups there was a tendency for the more
severe degree of arcus to be associated with higher
levels of serum cholesterol. In the older decades
no correlation was present but this may be due to
its being obscured by the stronger correlation be-
tween arcus and age.

TABLE IX-DEGREE OF CORNEAL ARCUS AND SERUM
CHOLESTEROL

Slight Moderate Marked
No arcus arcus arcus arcus

Decade n Chol. n Chol. n Chol. n Chol.

TABLE X.-CORNEAL ARCUS: RELATION TO ABDOMINAL
CALCIFICATION

Control Coronary

Decade Arcus Calczftcation Both Arcus Calcsftcation Both

76 ± 70
44 ± 37
47 ± 21
70 ± 99
46 ± 33
67 :1: 41
31 ± 14
28 ± 35

278 ± 121
230 ± 137
242 ± 59
256 ± 169
200 ± 98
256 ± 98
140 ± 49
148± 95

718 ± 191
644 ± 58
650 ± 120
665 ± 163
529 ± 125
615 ± 144
468 ± 134
473 ± 112
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with middle age. Duke-Elder7 noted its constant
occurrence in later life and considered it "essen-
tially a simple senile degeneration coming into the
same category as atherosclerosis and presumably
depending on partial and progressive obliteration
of the capillary system at the limbus". It can de-
velop in youth as the result of local premature
changes secondary to constant exposure to irritating
dusts and chemicals, or secondary to corneal dis-
ease such as interstitial keratitis. In the latter case
it may thus be uniocular.
A relation of corneal arcus to serum cholesterol

is suggested by its frequent occurrence in patients
with familial hypercholesterolemia. As early as
1911, high cholesterol levels were reported in
persons with arcus," but most later investigators
did not confirm this association.6 The significant
correlation of arcus to serum cholesterol in our
coronary patients is similar to that reported by
Boas and Adlersberg.'2 In healthy subjects too, it
has recently been found that to age 60, serum
lipids are elevated in those with arcus.6' 13 Over
this age, as in our study, no relation could be
demonstrated.6' 14 The relation of arcus to high
serum cholesterol may not, however, be a direct
one. Thus, arcus is seldom seen in persons with
hypothyroidism;13 and arcus is more frequent (but
xanthelasma less frequent) in men than in women.6
The connection between corneal arcus and arterio-

sclerosis has been controversial for over a century.
Our data agree with the prevailing opinion that the
incidence of arcus and of CHD both increase with
age but there is no correlation after 40.6, 16, 17 The
important finding of this study is that under 40,
corneal arcus was the only physical sign that dis-
tinguished our coronary patients from the controls.
The 44% incidence reported here is considerably
higher than that previously documented in young
coronary groups.'8"9 On the other hand, Forsius,6
in a meticulous study that included biomicroscopic
examination, found a slight degree of arcus to be
visible macroscopically in 19 of 51 normal Fin-
nish men in the fourth decade. Unfortunately, he
did not study a coronary group.

Thus, the clinical prevalence of corneal arcus
may depend not only on the method of examination
but on the population studied. It does appear, how-
ever, that the prevalence of arcus is signfficantly
increased in younger coronary patients. From a
clinical viewpoint, arcus can be accepted as an
isolated change of no real significance when it
appears in the aged. However, its presence in men
under 40 should arouse suspicion of the possibility
of hypercholesterolemia and a propensity to CHD.
Many similarities between corneal arcus and

clinical atherosclerosis can 'be found. The incidence
of both increases rapidly after 40. The same kind
of patient is involved: male, mesomorph6 and of
a driving personality.20 Both are common in condi-
tions such as familial xanthomatosis, diabetes and
nephrosis in which hyperlipidemia is frequent.6
Subjects with coronary atherosclerosis and subjects

with corneal arcus both have higher than average
serum cholesterol levels. The two lesions can be
produced by feeding experimental animals a high
cholesterol diet.6 Pathologically, both can be initi-
ated by local disease, e.g. atherosclerosis by
syphilis, and arcus by keratitis. Cogan and
Kuwabara2' suggested that a pathological analogy
can be drawn between arcus in the cornea and
diffuse sudanophilia in the intima. In either site
the fatty tissue may stimulate vascularization.6

Finally, these data linking coronary atheroscler-
osis, corneal arcus and the level of the serum
lipids could be interpreted as providing further
evidence for the lipid theory of atherogenesis.

SUMMARY

The relation of corneal arcus to atherosclerosis and
to serum lipids was investigated in men with coronary
heart disease and in healthy controls.
The incidence of arcus after the fourth decade

was similar in both groups. Under 40, there was a
striking difference: arcus was present in 11 of the 25
coronary patients and in none of the controls. In both
groups, to age 60, arcus was positively correlated to
the concentrations of serum cholesterol and phos-
pholipid but not to lipoproteins. The coronary group,
to age 60, had significant elevation of the serum lipids
and lipoproteins.

Since arcus is itself a fatty infiltration of the eye,
these findings support the lipid theory of atherogenesis.
Clinically, the presence of a corneal arcus in a man
under 40 may be a clue to hyperlipidemia and a
propensity to coronary heart disease.
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