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ARCUS SENILIS CORNEAE-ITS RELATIONSHIP TO SERUM LIPIDS IN THE SOUTH
AFRICAN BANTU*

I. BERSOHN, B.Sc., M.B., B.CH. (RAND), F.C. PATH. AND W. M. POLITZER, M.D. (PRAG E), South African Institute
for Medical Research, Johannesburg, ADD. BLUMSOHN, M.B., B.CH., DIP. MED. (RA D). Edenvale Hospital,

Edenvale, Tvl

MATERIAL A D METHODS

One hundred and twenty-nine Bantu subjects, both
inpatients and outpatients at Edenvale Ho pital, were in
vestigated. These subjects were attending for various clinical
conditions, not obviously a sociated with arcus enili or
with di orders of lipid metaboli m. They were grouped
according to age as shown in Table I.

young people is a frequent accompaniment of hyper
cholesterolaemia but may develop in people, e.g. the Eski
moes, in whom no chemical defect in the plasma can be
demonstrated." ]n North America, the incidence among
Negroe is higher than among the White population."
Arcus appears to be a great deal commoner among the
Bantu in South Africa than among the Whites, and i
particularly frequent among the younger age-group. -'- We
did not undertake a survey of the prevalence of arcu for
purposes of this paper.

In the South African Bantu coronary artery di ea e i
extremely rare,"'" yet, as mentioned above, arcu enili
appears to be a great deal commoner than among the
White population groups. David on and Kolbe found no
association between arcus enili and erum cholesterol
levels in Africans in Zambia." In view of the conflicting
opinions regarding the relationship of arcus senilis witb
lipid disturbances and/ or coronary artery disease, we
decided to study the lipid pattern in the serum of South
African Bantu subjects with arcu senili, and to compare
the lipid levels with those found in the urbanized Bantu
in an unselected population group."'" It must be pointed
out, however, that in these latter studies ome of the
subjects may have had arcus senilis, as it was not specifi
cally looked for or excluded.

TABLE I. OUTPATIE rr GROUP

Arcus senilis is the name given to the corneal fatty ring,
which, when fully developed, forms a complete white
circle around the cornea, separated from the limbus by a
clear zone. It is believed to be benign, and is not usually
noticed by the patient. The adjective, senilis, denotes tbat
it is largely a sign of old age.

In 1901, Takayasu' showed that the arcus was an ac
cumulation of fat in the corneal tissue, and in 1911 it
was shown that elderly patients with arcus senilis had a
high blood cholesterol content.' Typical arcus can be
produced in rabbits fed with oil and cholesterol-the
lesion recedes when the fatty diet i abandoned: The
patbological changes in the arcus in humans and tbose
induced in rabbits are similar. In both, fatty infiltration
of the corneal parenchyma occurs, consisting mostly of
neutral fat, cholesterol, phospholipids and doubly refract
ing crystals. Two recent reports emphasize the lipid nature
of the corneal deposits, identifying the components of the
arcus as probably a cholesterol derivative with some
associated phospholipid and glyceride, and that it is not
dependent on degenerative changes in the cornea.'"

Disturbed fat metabolism has been commented on in
young persons with arcus, and, conversely, in young
persons with disturbed fat metabolism a greater incidence
of arcus has been noted. Forsius summarizes his investi
gation as follows: 'arcus in young persons is associated
with extensive lipoidochemical alterations in the serum;
while arcus in elderly persons is not dependent upon
disturbed fat metabolism as a rule-local senile changes
predominating here'." Similar findings were reported by
Boas et al.' and FinIey et al. The arcus, or fatty ring, may
thus represent fatty infiltration or deposition from the
serum, similar to that which may occur in coronary
artery disease, since arcus cornea has been found to be
associated with a raised incidence of atherosclerosis; and
to have a significantly increased incidence in younger
men with myocardial infarction,'· although this latter
observation has not been confirmed by others."

Arcu corneae is a phenomenon frequently ob erved in
the White (Caucasian) population, particularly in the
older age-groups." The arcus phenomenon in relatively

'Date received: 19 December 196 .
Personal ob ervations (D. B.).

Age
(years)
21 - 30
31 - 40
41 - 50
51 - 60

Over 60

Total

Males
9
7

16
13
12

57

Females
5

13
2
15
11

72



1026 S.A. MEDICAL JOUR AL 16 August 1969

All, except one patient aged 56 year, were normoten
sive. One patient, aged 50 year. had bilateral cataracts
extracted in 1958, and one aged 25 years had a left
corneal opacity with bilateral arcus.

We originally classified arcus as follows:
Mild 10 moderate arclIs: A faint to moderate trans

lucent circular zone in the periphery of the cornea, not
necessarily involving the entire circle of the cornea,
and with a ring of clear cornea between arcus and
limbus.

Marked arclIs: A dense, white ring, almost complete,
with no clear cornea between ring and limbus, and in
which the entire circle of cornea was usually involved.

In the early part of the study we differentiated mild
from marked arcus, but we subsequently found no sig
nificant differences in the results and so all the results
were grouped together.

1n \'estigations
Venous blood was drawn from each subject after an

overnight, 12-hour fast. The naked-eye appearance of the
serum was clear in all subjects. In the case of the unselect
ed control group, the majority of subjects were blood
donors or members of the institute staff and known to be
in good health. The triglyceride levels in the control
group were determined only on male mineworkers who
underwent a careful physical examination and were clini
cally normal. It was not possible to obtain blood
specimens from these volunteers before breakfast and
after an overnight, l2-hour fast. The Bantu mineworkers
had a light breakfast before starting an 8-hour shift
underground without any food intake during the shift,
except in some cases. where a midday drink of Bantu

beer was taken. All specimens of blood were drawn
immediately after the day's hift had been completed and
before the subjects had consumed any food. The naked
eye appearance of the serum in all subjects in the control
group wa clear.

The following biochemical tests were carried out:
cholesterol, phospholipids, triglycerides, beta-lipoprotein
cholesterol and. in the arcus group, the beta-lipoprotein
precipitin te t.

The following techniques were used:
Cholesterol wa~ estimated by the method of Sperry

and Webb,"· and phospholipids according to the method
of Fiske and Subbarow."

Triglycerides were estimated by a modification of the
method of Van Handel and Zilversmit, using activated
silicic acid and isopropyl ether."

The beta-cholesterol was precipitated with calcium
chloride in the presence of heparin by the method of
Burstein and Samaille," and the cholesterol in the precipi
tate was estimated by the technique of Pearson et al."

The beta-lipoprotein precipitin test was estimated
using the Hyland Beta-L test kit.

Total lipid levels were calculated as follows: Total
lipids = phospholipid + total cholesterol + fatty acids
of cholesterol esters + triglycerides.

RESULTS

Tables II and III depict lipid levels in a group of 129
South African Bantu male and female subjects with arcus
senilis corneae, and in an unselected group of 159
urbanized South African Bantu male and female subjects
living on the Witwatersrand, respectively.

The incidence of raised lipid levels in the arcus senilis
group is shown in Table IV.

TABLE 11. lI?1D LEVELS 1:-1 ~OUTH AFRICAN BANTU SUBJECTS WITH ARCUS SENILIS CORNEAE

Invest(r;atioIlS
Totallipids (mg./I00 ml.)
Phospholipids (mg.lIOO ml.)
Cholesterol (mg./lOO ml.)
C/P ratio
Triglycerides (mg.lIOO ml.) ..
Beta-cholesterol ~~

Beta-cholesterol (mg.iIOO ml.)
Beta-precipitin (mm.) ..

'0. of subjects: Males
. Females

Total

Total subjects studied: 129 (57 males:72 female').

20-30 yrs
528= 114
215- 42
166; 43

0·77::,::0·11
75:!: 53
65± C)

109± 38
2·6±0·5

9
5

14

31-40 yrs
568:!: 133
223= 44
179± 47

0·80±0·09
90± 41
68± 10

125± 44
2·7±0·7

7
13
20

41-50 yrs
573 152
212= 44
164= 42

O' 76,,::0· OS
120± 82
65± 7

106:!: 39
2·0:!:0·6

16
2
44

51-60 yrs
528= 169
205 57
156- 52

0'74~0'12
101:!: 64
66± 7

102 48
2· 5-0'6

i3
15
28

61--70+ yrs
524±140
201 = 46
152± 41

0·76±0·\0
95± 60
6H_ 7
97± 34

2·5=0'6
\2
1I
23

TABLE Ill. LIPID LEVELS IN ORM.L SO TH AFRICAN RA TU SUBJECTS

Investigations
Totallipids (mg. 100 ml.)
Phospholipids (mg./lOO mU
Chole terol (mg.j 100 ml.)
C P ratio
Triglycerides (mg. 100 ml.)
Beta-chole~terol ~ 0

13eta-cholesterol (mg.llOO ml.)
o. of uhjecI: Male,

Female,
Total

20-30yrs
509= 131
190± 45
153:!:: 23

0·72::::0'04
80± 19
65:r: 13

9:::: 26
15
22
37

31-40 yrs
567::':: 106
234 39
15H- 29

0·66±O·04
73± 17
6 -- 12

105= 14
17
13
30

41-50yrs
599= 117
235.:1: 78
163± 34

0·7\ ::,::0'04
66::!: 17
69± 11

114= 28
20
17
37

51-60 yrs
592.:1: \23
243± 43
172-"- 35

0·72-'0'09
68"; 1I
69:r:: 10

120± 22
15
20
35

61-70,l'rs
547= 154
240= 49
158± 18

Q·66±0·10

68- 6
10\± 4\

14
6

20

Total subjects studied: 159 (81 males:78 :emales).
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TABLE IV. INCIDENCF. Of RAISED LIPID LEVELS I THE ARCUS E 'ILlS
COR"IE,\E GROUP

Percentage
showing

Total raised
Investigations '0. of Males Females lipid

subjects lel'els
Total lipids 48 M 4 4 7

(mg.lIOO ml.) 70 F
Phospholipids 56 M 0 0 0

(mg./IOO ml.) 70 F
Cholesterol 57 M 4 10 11

(mg./1 00 ml.) 71 F
C/P ratio 56 M 2

70 F
Triglycerides 56 M 15 24 30

(mg.jJOO ml.) 72F
Beta-cholesterol % 55 M 7 4 9

72F
Beta-choleslerol 55 M 3 11 11

(mg.lIOO ml.) 72F

TABLE V. SERUM TRIGLYCERIDE LEVELS IN THE ARCUS SENILl
CORNEAE GROUP

Mean lerels Meonlevels
Total Subjects Subjects in group 'H°;t}, in group with

Age (yenrs) No. of .dlll with raised le vels normal le .'els
subjects raised normal (mg.{JOOml.) (mg./lOOml.)

levels le)'ets
21-30 14 2M 7M J79±23 58±32

OF 5 F
31-40 19 2.1 4M 136±1 62±26

5 F 8 F
41-50 44 7M 9M 198= 73 69=30

10 F 18 F
51-60 28 3M 10 M 181 ±77 74=23

4F 11 F
61-70+ J' IM 11 1 179 ±45 65±2.J

5 F 6 F
Total 12 15 M 41 M 181 ±64 67±28

24 F 48 F

Table V is an analysis of the triglyceride levels in the
arcus senilis group and shows that 89 subjects (700~) had
normal levels (mean 67 ± 28 mg.j 100 ml.), while 39
subjects (300~) had elevated levels (mean 181 ± 64 mg. j
100 m!.).

COMMENTS AND DISCUSSION

Analysis of the lipid levels (except triglyceride levels)
in the arcus senilis corneae group when compared with
the values previously obtained by us in a group of normal
Bantu subjects (male and female) showed no marked
statistical differences. The levels obtained in the arcus
group show no significant age or sex trends and confirm
our previous observations that in the Bantu, unlike the
Whites, no significant increase in lipid levels occurs after
the age of 10 years, and that the Bantu could be con
sidered to be a homogenous group." When we compare
the triglyceride levels in the arcus group with those in the
control group, the striking feature is the marked
differences in the standard deviations in the two groups,
despite the fact that the mean levels are not significantly
different. This suggests that the arcus group is not homo
genous and consists of two population amples, one
sample representing true normals and showing a mean
level not significantly different from the normal Bantu
population, and a second sample representing subjects
with a higher mean level. This is borne out by our study.
Whereas 700~ of the arcus group showed normal trigly
ceride levels, 30 0

0 had raised values (27°~ in the male

group and 33°" in the female group). The elevated trigly
ceride levels were unrelated to the age or sex of the
ubject .

In the case of the other lipid parameter tudied. the
percentages of increased lipid level in the arcus group,
when compared with the normal group. were a follows:
Total lipids 7"~. total cholesterol I J 0". beta-cholesterol
percentage and absolute beta-chole terol level 9°~ and
10°0 re pectively, cholesterol pho pholipid ratio 2",,: and all
the phospholipid le els were within the range of nor
mality.

Contrary to previous studie predominantly in White
population groups, no significanJ differences were ob
served in the serum lipid levels in the majority of outh
African Bantu ubject with arcu enilis corneae. except
that a higher percentage howed in rea ed triglyceride
levels.

In view of the low prevalence of ischaemic heart
disease and the frequency with which arcu enili i
found in the South African Bantu. it seem apparent that
there is no relation hip between athero clerosis. ischaemi
heart disease and arcu senili in the outh frican Bantu.

The fact that this condition is frequently found in
young Bantu ubjects suggest that it is unrelated to the
ageing process and that the term arcus enilis is an
unsatisfactory one.

UMMARY
Lipid levels in 129 South African Bantu subject with arcus
senIlis corneae were compared with a group of 159 South
AfrIcan Bantu subjects living on the Witwatersrand. No signifi
cant differences were observed in the two groups for total
lipids, cholesterol, phospholipid, cholesterol pho pholipid ratio
a d beta-cholesterol.

Although the mean triglyceride levels were comparable in
the two groups, the standard deviation in the arcus group wa
considerably higher. This sugge ted that the arcu group wa
not a homogenous one.

There does not appear to be a relation hip b tween
atherosclerosis, coronary artery disease and arcus senili
corneae in the South African Bantu.

We wish to thank the Superintendent of Eden\"ale
Hospital for permission to publish these re ults. and M r B.
G. Lombard for statistical assistance.

REFERENCES
I. Takayasu. M. (1901): Arch. Augenheilk .. ~8, 1-4.
2. Marie. P. and La Roehe. G. (191 I): Sem. med. (Paris). 361.
3. Verse. M. (l96t): Munch. med. Wschr.. 2. 1074.
4. Cogan. D. G. and KU\\'abara, T. (1959): rch. Ophtha!.. 61. -53
5. Andrews. J. . (1962): lbid .. 68. 264.
6. Forsius. H. (19-4): Acla ophtha!. (Kbh.). supp!.. 42.
7. Boas. E. P.. Adlersberg. D. and Parets. A. D. (19 0): 'e\\ IOngl

J. Med .. 242. 635.
8. Finley, J. K.. Berkowitz. D. and Croll, M. '. (1961): Arch. Ophtha!..

66. 211.
9. Rodstein. M. and Zeman. F. D. (1963): Amer. J. Med. i.. 245. 70

10. Rifkind. B. M. and Dickson. C. (196-): Lancet. I. 312.
11. McAndrew. G. M. and Ogston. D. (1965): Brit. Med. J.. I. 425
11. Joo!. E. (1924): Klin. Wschr.. 3, 269.
13. Ceci!. R. L. and Loeb. R. F. (1959): Textbook 01 .'vIedieille. Illlh

ed.. p. 647. Philadelphia: W. B. aunders.
14. Kampmeier. R. H. (1936): J. Trop. Med. Hyg .. 39. 164.
15. Schwartz, M. B.. chamroth. L. and Seftel. H. C. (1958): Med.

Proc.. 4. 275.
16. Laurie, W., Woods, J. D. and Roach. G. (1960): Amer. J. Cardlol.,

5. 48
17. Correspondence (1965)' Lancet. I. 707.
18. Anlonis. A. and Bersohn. I. (1962): Amer. J. Chn. utr.. 10. 4 ~

19. Idem (1960): Lan"et. I. 99 .
20. Sperry. W. M. and Webb. M. (I 0): J. BioI. Chem., 187.97.
2!. Fiske. C. H. and Subbarow. Y. (1925): Ibid .. 66. 375.
22. Van Handel. E. and Zilversmil, D. B. (1957): J. Lab. Chn. ed.

SO. 152.
23. Burstein. M. and Samaille. J. (195): Palh. et BioI.. 34. 540.
24. Pear on. S., Stern. S. and McGavack. T. H. (1953): Ann. Chem.

25. 1




